
Abstract There is increasing evidence that diabetes mel-
litus is characterized by an enhanced lipoprotein oxidation.
We have therefore investigated whether a relationship ex-
ists between LDL oxidation and microalbuminuria, which
is considered an early marker of vascular involvement in
type 2 diabetic patients. We selected 12 microalbuminuric
and 12 normoalbuminuric type 2 diabetic patients, and 12
control subjects comparable for age, sex and blood pres-
sure values. Oxidatively modified plasma LDL, referred
as LDL–, were measured by ion-exchange HPLC. In vitro
susceptibility to oxidation of LDL was evaluated by fol-
lowing the kinetics of conjugated diene formation in the
presence of Cu++ ions (lag-phase time). Microalbuminuric
diabetic patients had a less satisfactory metabolic control
and showed a higher plasma triglyceride concentration
than both normoalbuminuric diabetic patients (2.21±1.01
vs 1.15±0.39 mmol/l, P<0.01) and controls (1.18±0.61
mmol/l, P<0.01). The percentage of LDL– in plasma was
significantly increased in microalbuminuric diabetic pa-
tients in comparison with both normoalbuminuric diabetic
patients (5.24±1.67 vs 3.13±1.22%, P<0.01) and controls
(2.34±1.03%, P<0.001). LDL isolated from microalbu-
minuric diabetic patients had a significantly shorter lag-
phase time in comparison with normoalbuminuric diabetic
patients (79±11 vs 97±10 min, P<0.05) and controls
(120±24 min, P<0.001). In diabetic patients a significant
linear correlation was observed between the percentage of
LDL– and amount of fructosamine (r=0.45, P<0.05),
HbA1c (r=0.41, P<0.05), and triglycerides (r=0.65,
P<0.001). An inverse correlation was found between lag-
phase time and fructosamine (r=–0.5, P<0.01) and trigly-
cerides (r=–0.59, P<0.001). This study shows that micro-
albuminuric type 2 diabetic patients had evidence of in-
creased LDL oxidation, which seems to be mainly due to
a poor metabolic control and a more atherogenic lipid pro-
file.
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Introduction

Epidemiological studies have shown that mortality due to
vascular disease is at least doubled in diabetic subjects
compared to the general population [1, 2]. Alteration of
lipid profile [3], hyperinsulinaemia [4] and hyperglycae-
mia [5] have been advocated as possible explanations, but
the pathogenetic steps of this accelerated atherosclerotic
process in diabetic patients are not clear and need to be in-
vestigated further.

Oxidative modification of LDL is widely reported to be
a contributing factor in the development of atherosclerosis
[6, 7]. There is evidence that diabetes is accompanied by
enhanced lipoprotein oxidation [8, 9]. Plasma lipid perox-
ides were found to be particularly elevated in patients with
poorly controlled diabetes and macroangiopathy [10] but
no increase above normal levels was noted in diabetic pa-
tients without vascular complications [11]. Recently, some
authors have reported a significant increase of LDL oxida-
tion, evaluated as LDL– concentration, in diabetic patients
in poor metabolic control [12]. This electronegatively
charged LDL is an in vivo mildly oxidatively modified lip-
oprotein, identified in normolipaemic human plasma char-
acterized by an increased content of conjugated dienes and
malondialdehyde (MDA) and a decreased vitamin E con-
tent [13, 14]. Furthermore LDL– exhibits cytotoxic effects
on endothelial cells, not seen with native LDL alone [15],
and might constitute a pro-oxidant state facilitating oxida-
tive reactions in vascular components [16]. Microalbumi-
nuria has been found to be a predictor of cardiovascular
mortality in patients with type 1 [17] and type 2 [18] dia-
betes mellitus and even in non-diabetic subjects [19]. More-
over, microalbuminuria has been found to be associated
with an increase of plasma lipid oxidation, evaluated as
MDA plasma concentration, in type 2 diabetic patients [20].

Acta Diabetol (1998) 35: 161–164 © Springer-Verlag 1998

Received: 9 March 1998 / Accepted in revised form: 24 June 1998

E. Moro · C. Zambon · S. Pianetti · G. Cazzolato
M. Pais · G. Bittolo Bon

Electronegative low density lipoprotein subform (LDL–) is increased 
in type 2 (non-insulin-dependent) microalbuminuric diabetic patients 
and is closely associated with LDL susceptibility to oxidation

ORIGINAL 

E. Moro · C. Zambon · S. Pianetti · G. Cazzolato · M. Pais
G. Bittolo Bon (½)
Second Department of Internal Medicine and Metabolic Diseases,
Regional General Hospital, I-30172 Venice, Italy



The purpose of this study was to evaluate whether there
was any association between microalbuminuria, which is
considered to be an early marker of macrovascular com-
plications, and both LDL– concentration and LDL suscep-
tibility to in vitro oxidation in a group of type 2 diabetic
patients without clinical evidence of macroangiopathy.

Subjects, materials and methods

Subjects were recruited from patients regularly attending the dia-
betes department at Venice Regional Hospital. We selected 24 pa-
tients (12 male and 12 female) suffering from type 2 diabetes, de-
fined according to National Diabetes Data Group criteria [21], with
a mean age of 65±8 (range 40–76 years): 12 of them were microal-
buminuric and 12 were normoalbuminuric. Twelve healthy, non-di-
abetic subjects, attending the health centre of the same hospital 
(6 men and 6 women, mean age 65±5 years, range 45–72 years)
formed the control group. The three groups were comparable for age,
sex, blood pressure values; clinical and anthropometric values of all
subjects are reported in Table 1. All patients underwent a complete
medical history and physical examination specific for diabetes-re-
lated sequelae. Diabetes was treated by diet alone in 4 patients, by
oral hypoglycaemic agents in 12 and by a combination of hypogly-
caemic agents and insulin in 8, with no significant differences
between microalbuminuric and normoalbuminuric diabetic patients.
Neither patients nor controls had any sign of inflammation or infec-
tion. All female diabetic patients were postmenopausal and none
were on hormone replacement therapy. There were 4 (33%) current
smokers in the microalbuminuric diabetic group, 4 (33%) in the nor-
moalbuminuric diabetic group, and 3 (25%) in the control group (Ta-
ble 1). Neither patients nor controls were treated with lipid lowering
drugs, beta-blockers, thiazide diuretics, or antioxidant vitamin sup-
plements. Patients with clinical evidence of macroangiopathy (cor-
onary artery disease, carotid and lower limb atherosclerotic lesions)
were excluded from the study.

We collected three non-consecutive 24-h urine specimens to
measure urine albumin excretion (UAE). UAE rate was evaluated by
nephelometric method and microalbuminuria was defined as a UAE
rate of 30–300 mg per 24 h. After overnight fasting blood samples
were taken by venipuncture. Fructosamine was evaluated by spec-
trophotometry and HbA1c by high performance liquid chromogra-
phy (HPLC). Total cholesterol (TC) and triglyceride (TG) concen-
trations were determined enzymatically with specific test kits from
Menarini (Milano, Italy). Proteins were evaluated using the method
of Lowry et al. [22] with human albumin as the standard. HDL cho-
lesterol (HDL-C) was measured according to Kostner et al. [23]. LDL

were separated by sequential preparative ultracentrifugation. Vita-
min E was measured in both fresh plasma and freshly separated LDL
by HPLC using a fluorescence detector set at an excitation of 292 nm
and an emission of 335 nm [24]. MDA was measured as thiobarbi-
turic reacting substance of lipid peroxidation by a fluorimetric meth-
od, according to Yagi [25].

Total plasma LDL were separated into unmodified LDL (nLDL)
and oxidatively modified LDL (LDL–) by ion exchange HPLC in an
MA-7Q column according to Cazzolato et al. [26]. The eluate was
monitored by ultraviolet detection at 280 nm and the areas of the
peaks were integrated. LDL– concentration was expressed as a per-
centage of total LDL. The coefficient of variation of the method was
less than 5%. The in vitro oxidability of LDL was assessed by a spec-
trophotometric technique according to Esterbauer [27]. LDL sam-
ples were diluted, in the presence of 2.5 mmol/l of Cu++, to a final
cholesterol concentration of 250 mg/ml. Oxidation kinetics were
monitored by changes in 234 absorbance on a Beckman DU spectro-
photometer equipped with a six-position automatic sample changer.
The lag-phase time was defined as the interval between initiation of
oxidation (time 0) and the intercept of the tangent of the slope of ab-
sorbance during the propagation phase.

The study was performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki. All the subjects gave
their informed consent prior to their inclusion in the study.

Results are expressed as mean±standard deviation (SD). Com-
parisons between type 2 diabetic patients and controls were adjust-
ed for BMI. A non-parametric test was used to evaluate the differ-
ence in plasma biochemical parameters in healthy subjects and dia-
betic patients. P-values less than 0.05 (two-tailed) were considered
significant. Correlation coefficients were determined by linear re-
gression analysis. Covariance analysis was performed.

Results

There were no statistical differences in plasma total cho-
lesterol between diabetic patients, with and without micro-
albuminuria, and controls. Microalbuminuric diabetic pa-
tients showed a significantly lower HDL-C plasma value
than with normoalbuminuric diabetic patients and controls
(P<0.05 for both) (Table 2) without a significant differ-
ence between diabetic males and females (1.21±0.15 vs
1.30±0.34 mmol/l). Microalbuminuric diabetic patients
had triglyceride levels significantly higher than normoal-
buminuric diabetic patients and control subjects (P<0.01
for both), without a significant difference between diabetic
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Type 2 diabetic Type 2 diabetic Control
patients without patients with subjects
microalbuminuria microalbuminuria
(n = 12) (n = 12) (n = 12)

Male/female 6/6 6/6 6/6
Diabetes duration (years) 15±6 17±9 –
Age (years) 65±9 64±7 65±5
Smokers/non-smokers 4/8 4/8 3/9
Body mass index (kg/m2) 28.5±6 28.9±4.3 24.7±3.2*
Waist-hip ratio 0.90±0.07 0.93±0.06 0.86±0.05*
Systolic blood pressure (mmHg) 147±19 150±17 145±18
Diastolic blood pressure (mmHg) 90±9 90±10 88±9
Haemoglobin A1c (%) 6.4±1.6 7.8±1.6** –
Fructosamine (mmol/l) 279±53 341±71*** –
Urine albumin excretion (mg/24 h) 14.6±3.1 84.5±35.9**** –

* P<0.05 vs type 2 diabetic patients; ** P<0.05 vs type 2 diabetic patients without microalbuminuria;
*** P<0.02 vs type 2 diabetic patients without microalbuminuria; **** P<0.01 vs type 2 diabetic pa-
tients without microalbuminuria

Table 1 Clinical characteris-
tics of type 2 diabetic patients
and control subjects. Values are
mean + SD



males and females (1.5±0.9 vs 1.4±0.7 mmol/l). Diabetic
patients had a significantly (P<0.05) lower LDL vitamin
E, but not plasma vitamin E concentration, than controls,
regardless of microalbuminuria, while no differences were
detected in MDA levels in both plasma and isolated LDL
in the three groups (Table 3). There were no significant dif-
ferences in plasma and LDL vitamin E and MDA levels
between diabetic males and females. Microalbuminuric di-
abetic patients had a significantly higher percentage of
LDL– in comparison with both normoalbuminuric diabetic
patients (P<0.01) and controls (P<0.001), without signif-
icant differences between diabetic males and females 
(3.85±1.06 vs 3.9±1.8%). LDL isolated from microalbu-
minuric diabetic patients had a significantly shorter lag-
phase, when exposed to Cu++ ions than that from normo-
albuminuric diabetic patients (P<0.05), and controls
(P<0.001) (Table 3) without significant differences
between males and females (88±14 vs 94±11 min). The
above parameters were not evaluated for smokers as the
number of patients was too small. No correlation was found
between rate of UAE and both the parameters of metabolic
control and lipid oxidation. In diabetic patients a signifi-
cant linear correlation was observed between LDL– per-
centage and some parameters of metabolic control such as
fructosamine (r=0.45, P<0.05) and HbA1c (r=0.41,
P<0.05), while an inverse correlation was found between
lag-phase time and fructosamine (r=–0.5, P<0.01). A sig-
nificant positive correlation was observed in diabetic pa-
tients between the percentage of LDL– and triglycerides

(r=0.65, P<0.001), while an inverse relationship was
found between triglycerides and lag-phase time (r=–0.59,
P<0.001). Finally a very significant inverse correlation
was present between LDL– percentage and lag-phase time
(r=–0.69, P<0.001). Covariance analysis did not show a
significant effect of microalbuminuria in explaining either
the increase of LDL– or the reduction of lag-phase, even if
triglycerides determined a difference in behaviour in the
two groups of diabetic patients (LDL– F=4.97, P=0.39
and lag-phase time F=6.31, P=0.023).

Discussion

Qualitative modifications of LDL such as oxidation [6, 7]
are known to contribute to the development of atheroscle-
rotic vascular damage. Diabetes itself is an important con-
dition of oxidative stress [2] and several studies have shown
increased lipoprotein oxidation in diabetic patients [8–10].
However, the interpretation of the previous studies is com-
plicated by the high rate of vascular disease in the evalu-
ated patients. Therefore, we evaluated in a group of type 2
diabetic patients without clinical evidence of macroangio-
pathy, whether there was any relationship between LDL ox-
idation and microalbuminuria, which is considered an early
marker of vascular complications in diabetic [17, 18] and
non-diabetic patients [19]. Diabetic patients with microal-
buminuria showed a higher percentage of LDL–, and LDL
isolated from these patients, presented a significant increase
in susceptibility to oxidation. However, we did not find a
significant relationship between UAE rate and the param-
eters of in vivo and in vitro LDL oxidation. The most likely
explanation for the increased LDL oxidation in microalbu-
minuric type 2 diabetic patients is that such patients were
in poorer metabolic control than those without microalbu-
minuria. This confirms that both lipoprotein oxidation [9]
and microalbuminuria [28] are strongly associated with
poor metabolic control. On the other hand, the absence of
correlation between LDL oxidation and UAE rate suggests
that other pathways may account for the increased LDL ox-
idation in these patients, particularly the higher triglyceride
and the lower HDL-C plasma concentration. It is well-
known that this atherogenic lipid profile is associated with
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Table 2 Plasma lipids in type 2 diabetic patients and control sub-
jects. Values are mean + SD

Type 2 Type 2 Control
diabetes diabetes subjects
without micro- with micro-
albuminuria albuminuria
(n = 12) (n = 12) (n = 12)

Total Chol (mmol/l) 5.65 ±1.48 6.35±1.01 5.97±0.99
HDL-Chol (mmol/l) 1.35±0.30 1.11±0.14* 1.38±0.29
LDL-Chol (mmol/l) 3.80±0.92 4.20±0.81 4.00±0.90
Triglycerides (mmol/l) 1.15±0.39 2.21±1.01** 1.18±0.61

* P<0.05 vs both normoalbuminuric type 2 diabetic patients and
control subjects; ** P<0.01 vs both normoalbuminuric type 2 dia-
betic patients and control subjects

Type 2 diabetics Type 2 diabetics Control
without with subjects
microalbuminuria microalbuminuria 
(n = 12) (n = 12) (n = 12)

MDA (µmol/l) 3.45±0.57 3.60±0.61 3.23±1.13
MDA (LDL) (M/M LDL) 0.27±0.07 0.32±0.10 0.29±0.09
Vitamin E (mmol/l) 19.04±4.02 18.9 ±3.86 20.04±3.45
Vitamin E (LDL) (M/M LDL) 6.25±1.27 5.33±1.22 8.01±3.03*
LDL– % 3.13±1.22 5.24±1.67** 2.34±1.03
Lag-phase (min) 97±10*** 79±11**** 120±24

* P<0.05 vs diabetic patients; ** P<0.001 vs control subjects and P<0.01 vs type 2 diabetic patients
without microalbuminuria; *** P<0.01 vs control subjects; **** P<0.001 vs control subjects and
P<0.05 vs type 2 diabetic patients without microalbuminuria

Table 3 Plasma and LDL con-
centrations of MDA and vita-
min E; LDL– concentration and
lag-phase time in type 2 diabet-
ic patients and control subjects.
Values are mean + SD



an increase of the percentage of small and dense LDL [29]
which are more readily oxidised and are more atherogenetic
[30]. This observation is supported by the fact that we found
a strong relationship between hypertriglyceridaemia and
both LDL– concentration and in vitro LDL oxidability in
diabetic patients.

Finally, the significant increase of in vitro oxidazabil-
ity of LDL in microalbuminuric diabetic patients might
also be partly explained by the observed reduction of LDL
vitamin E concentration and by the increased LDL– per-
centage. In fact it is well-known that vitamin E supplemen-
tation does protect LDL from oxidation even in type 2 di-
abetic patients [31], and recently we have observed that
the rate of lipid peroxidation and the length of the antiox-
idant protected phase (lag-phase time) largely depended
upon the LDL– percentage of total LDL [16].

In conclusion, the data of this study show that microal-
buminuric type 2 diabetic patients have evidence of in-
creased LDL oxidation, and this seems to be mainly due
to a poor metabolic control and a more atherogenetic lipid
profile. However, it is likely that the elevated LDL– levels
observed in such patients are an expression of a pro-oxi-
dant state and could facilitate oxidative reactions in 
vascular components, leading to vascular damage. Further
studies with a larger data set are needed to evaluate whether
a better metabolic control could reduce oxidative stress and
lipoprotein oxidation independently of the presence of mi-
croalbuminuria.
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