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B Abstract

BACKGROUND: Cardiovascular disease is the main cause
of death in patients with type 1 diabetes. Since oxidized low
density lipoprotein (LDL) is considered to be a critical factor
in the atherosclerotic process, the aim of our study was to
assess the influence of different parameters of glycemic con-
trol on susceptibility to oxidative stress from low density
lipoprotein (LDL) in patients with type 1 diabetes without
microvascular or macrovascular complications. METHODS:
Forty patients and 33 non-diabetic individuals matched for
gender, age and body mass index (BMI) were evaluated. The
two groups underwent determination of lipid profile, fasting
and postprandial glucose control and measurement of gly-
cated hemoglobin (HbAlc). Spectrophotometric analysis of
the LDL oxidation index was performed before and 1, 3, 6
and 24 h after the addition of copper sulfate to purified

LDL fractions. RESULTS: The oxidation coefficient for
LDL presented similar basal values in the two groups; how-
ever, at 3 h, LDL showed a higher degree of oxidation in
patients with type 1 diabetes. Correlations with the meta-
bolic control variables were significant only for postprandial
glycemia. Stepwise multiple regression showed that post-
prandial glycemia and sex were the significant independent
variables. CONCLUSION: LDL from patients with type 1
diabetes showed high susceptibility to oxidative stress and
this susceptibility was markedly related to the postprandial
glucose levels. The influence of our findings on the devel-
opment of chronic complications in patients with type 1
diabetes must be addressed in prospective studies.
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Introduction

iabetes mellitus is a common metabolic disease

with a negative impact on the quality of life of pa-
tients as a result of its chronic complications. At pre-
sent, this disease is the main cause of blindness and is
also responsible for a considerable number of cases of
terminal renal disease in the USA [1]. Type 1 diabetes
is also associated with accelerated atherosclerotic com-
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plications. In a multicenter study, cardiovascular dis-
ease was ascertained to be the cause of death for 44%
of the type 1 diabetic patients, followed by renal dis-
ease with a mortality of 21% [2]. A recent study
showed a higher risk of mortality from ischemic heart
disease and cerebrovascular disease in patients with
type 1 diabetes than in the general population [3, 4].
Hyperglycemia is an important determinant factor for
chronic microvascular complications, as shown in the

DOI 10.1900/RDS.2005.2.157



158 The Review of Diabetic Studies

de Castro, Castro-Faria-Neto, Gomes

Vol. 2 (No. 3 (2005

Diabetes Complications Control Trial (DCCT) [5]. Ac-
cording to different studies, there was also an associa-
tion between hyperglycemia and intima-media thick-
ness in type 1 diabetic patients [6] as well as in type 2
diabetes [7]. It has been suggested that the thickness of
the arterial intima-media complex is a sensitive marker
of coronary and cerebrovascular disease and, as shown
by Jarvisalo e a/. [8], even children with type 1 diabetes
present this modification in their artery walls.

The cited studies evaluated the links between hy-
perglycemia and chronic complications of diabetes us-
ing isolated or individual averages of multiple mea-
surements of glycated hemoglobin. This could have
masked the impact of acute glycemic excursions,
mainly during the postprandial period, on the risk of
diabetes complications [9]. Nowadays there is evidence
that postprandial hyperglycemia may be an independ-
ent risk for cardiovascular disease in patients with type
2 diabetes [10-12]. However, the role of postprandial
hyperglycemia in chronic complications of patients
with type 1 diabetes has received less attention.

Hyperglycemia is associated with an increase in the
generation of superoxide anion and nitric oxide [13].
The increase of these substances is thought to be dele-
terious since they can interact to produce peroxynitrite,
which is a potent oxidant [14]. Hyperglycemia can also
be related to the non-enzymatic glycation of proteins,
such as low density lipoprotein (LDL). Even mildly
glycated LDL affects the microvascular tone in skeletal
muscle by decreasing the diameter of both small and
terminal arterioles [15]. Interestingly, this was also
shown to occur in the postprandial state [16]. Post-
prandial hyperglycemia is also related to other factors
such as the increase of low-density lipoprotein oxida-
tion [17, 18] and other changes that, taken together,
predispose patients with type 2 diabetes to a greater
cardiovascular risk than the general population.

Oxidized LDL has been implicated as a major fac-
tor in the atherosclerotic process in humans and in
animal models because of its biological effects on en-
dothelial cells, macrophages and smooth muscle cells
[19]. Therefore, the present study was designed firstly
to assess the susceptibility of LDL to z vitro oxidation
in patients with type 1 diabetes without clinical signs of
diabetes complications under routine clinical care and,
secondly, to analyze the relationship between parame-
ters of diabetes control and the susceptibility of LDL
to in vitro oxidation.

Research design and methods

This is a cross-sectional study and was performed
on a group of 40 type 1 diabetic outpatients regularly
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attendeding at the Diabetes Clinic of the State Univer-
sity of Rio de Janeiro and on 33 non-diabetic subjects
(staff members, hospital employees and medical stu-
dents with fasting blood glucose (FBG) < 100 mg/dl
(i.e. 5.56 mmol/l) without first-degree relatives with
diabetes mellitus, who were matched for age, gender
and body mass index (BMI). The duration of diabetes
was less than 5 years in 10 (25%) patients, 5 to 10 years
in 20 (50%) and more than 10 years in 10 (25%). The
inclusion criteria were patients with diabetes diagnosed
before 30 years of age who had been using insulin
since the diagnosis and had no symptoms of diabetes
decompensation. The exclusion criteria were current
smoking, alcoholism, systemic infection, thyroid, he-
patic or cardiovascular diseases, diabetic nephropathy,
diabetic retinopathy and intake of medicines capable or
suspected of interfering with the oxidation process or
with susceptibility to oxidation. The insulin dose was
0.79 £ 0.37 U/kg. All subjects underwent a 12-lead
resting ECG which was classified according to the
Minnesota coding [20], followed by definition of the
presence or absence of coronary artery disease [21].
The experimental design was approved by the local
ethics committee and all subjects received written in-
structions and gave informed consent to participate in
the study.

Blood pressure was measured by the same observer
three times after a 5-min rest in the supine position us-
ing a standard mercury sphygmomanometer. Diastolic
blood pressure (dBP) was recorded when Korotkoff
sounds disappeared (phase 5). The mean of the systolic
(sBP) and diastolic blood pressure measurements was
used. Weight and height were measured to the nearest
0.1 kg and 0.1 cm, respectively. Body mass index
(BMI) (kg/m?) was calculated from these measure-
ments. Blood samples were drawn in the morning be-
tween 7:30 and 8:30 am after an overnight fast. After
centrifugation at 2500 g for 15 min at room tempera-
ture (19°C), aliquots of plasma and sera were stored at
-70°C until analysis. Apolipoproteins Al (apoAl) and
B (apoB) were determined by immunoturbidimetry
(Behring Turbidimeter, Marburg, Germany). The de-
tection limits and intra-assay CV% were: ApoAl 30
mg/dl (4.2%) and ApoB 40 mg/dl (5.5%). HbAlc was
determined by high performance liquid chromatogra-
phy (L-9100 Merck Hitachi, Frankfurt, Germany) (ref-
erence range: 4.5 - 0.2%). Fasting blood glucose
(FBG), triglycerides, HDL cholesterol and total choles-
terol levels were measured by colorimetric reactions
using an auto-analyzer (Cobas-Mira Roche). LDL cho-
lesterol was calculated using the Friedewald equation
[22]. After the samples were taken, patients had their
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usual breakfast, containing a mean of 400 kcal, and an-
other sample was taken two hours later in order to
measure postprandial glucose (PPG).

In accordance with the guidelines recommended by
the European Diabetes Policy Group, the cutoff point
for good metabolic control was set at 6.5% HbAlc
[23]. Patients with FBG = 110 mg/dl (ie. 6.11
mmol/l) and PPG = 135 mg/dl (ie. 7.49 mmol/])
were considered to be at higher macrovascular risk
[23]. Thus, an increase in glucose levels 2 h
after ingestion of more than 25 mg/dl (i.c.
1.39 mmol/I) was not considered desirable. ables

oxidation coefficient (OxC), which uses spectropho-
tometric readings at 205, 232 and 280 nm at different
time points such as 0 h, 1 h, 3 h, 6 h and 24 h after
CuSOy addition. The OxC was calculated using the
formula: OxC = Abs 205 - Abs 280/Abs 232 - Abs
280. The reading at 205 nm reveals phospholipid poly-
unsaturated fatty acid double connections, at 232 nm
the conjugated dienes, and at 280 nm the protein com-
ponent — apo B [26, 27].

Table 1. Demographic and clinical characteristics and metabolic control vari-

All subjects were asked to provide three

. . . Parameter Type 1 diabetics ~ Non-diabetics p-value
accurately timed overnight urine samples
over three months. They passed urine im-
mediately before 8:00 pm, discarded this  Subjects (n) 40 33
sample and recorded the time. All urine Sex (F/M) 17/ 23 18/ 15 0.3542
passed until 6:00 am was collected into con- Age (yr) 24.83+10.21 2351 + 7.28 ns
tainers Wi'Fhout a Preservative to determ.ine Age of diagnosis (v1) 1618+ 8.99 )
the albumin excretion rate (AER). The urine _ ,
. Duration of diabetes (yr) 8.68%t 5.91 -
volume was recorded and aliquots were
stored in glass tubes at -70°C until analysis. ~ $BP (mmHg) 110.00£10.64 11012 £ 11.46 s
The urinary albumin concentration was es-  dBP (mmHg) 69.22% 9.68 67.94 % 6.84 ns
timated by double antibody radioimmuno- ~ BMI (kg/m2) 2229+ 3.14 2336 £ 3.79 0.2151
assay (Diagnostic, Los Angeles, CA, sensi-  ppaic o) 877+ 228 456+ 0.63
tvity of 0.3 pLg/rr.ll) with an intra-assay and 141+ 036 073+ 009
interassay coefficient of variation of 8.7% . Ul - 4394 04
and 8.3%, respectively. Based on AER, only G (mmol/h 9821 596 S9% 046
subjects with normoalbuminuria (AER < 20 PPG (mmol/1) 12.04% 6.52 536 095  <0.0001
pg/min in two out of three overnight urine Glycemic increment 2,63+ 4.20 0.97 £ 0.86 0.1049
specimens) were included. The diabetic type ~ (mmol/D
1 patients underwent fundoscopy through a  TC (mmol/1) 428+ 0.84 467+ 1.12 ns
gﬂated pupil by ophthalmoscopy Peffgfmed HDL (mmol/) 119+ 0.29 118+ 030 01301
y the same ophthalmologist in order to o)y 269+ 065 300+ 098 03137
evaluate diabetic retinopathy. . .

LDL oxidation was assessed indirectly as TG (mmol/h 092+ 044 105+ 061 0-1531
follows: LDL was first isolated from fasting ~ CT/HDL 375+ 0.76 414+ 135 ns
plasma obtained by taking blood with  LDL/HDL 236+ 0.67 2.68 £ 1.11 0.0188
EDTA and centrifuging it at 800 x g for 20 ApoA1 (mg/d) 110743163 94.06 + 24.47 as

. o .
minutes at 4°C. Plasma density was then g (1o0/ay 88392984 944243602  0.0001
immediately adjusted to 1.3 g/ml by the ad-
UA (mg/dl) 3.62% 1.03 475+ 1.34

dition of KBr and plasma was ultracentri-

fuged against a saline solution at 150,000 x g
for 3 h at 4°C. Fractions with 1.019 to 1.063
g/ml density were then collected [24, 25].
Secondly, LDL samples were dialyzed
against PBS 1 X overnight and oxidized by
exposure to copper sulfate (CuSOy) during
a 24-hour period. One pl of 20 mM CuSOy for each 1
ml of LDL was added and the material was left in a
37°C bath for 24 h. Thirdly, oxidative modification of
LDL was monitored indirectly by calculation of the
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Legend: sBP: systolic blood pressure, dBP: diastolic blood pressure, BMI: body mass in-
dex, HbAlc: glycated hemoglobin, CI: glucose control index, FG: fasting glucose, PPG:
postprandial glucose, TC: total cholesterol, HDL: high density lipoprotein, LDL: low den-
sity lipoprotein, TG: triglycerides, ApoAl: apolipoprotein Al, ApoB: apolipoprotein B,
UA: uric acid , AER: urinary albumin excretion rate, ns: not significant.

Statistical analysis

Results are expressed as mean * SD. Variables
without Gaussian distribution were log transformed
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before analysis. Differences in clinical characteristics
and laboratory variables between diabetic and non-
diabetic subjects were determined by the two-tailed
Student #test. Pearson correlation was used to assess
the correlation between independent variables and the
oxidation coefficient three hours after the addition of
CuSO4 (OxC 3h). Because an interaction was observed
between PPG and the postprandial glucose increment,
we chose the former as an independent variable. Step-
wise multiple regression was fitted to OxC 3h as the
dependent variable and to variables with p < 0.1 in the
Pearson correlation and to variables that possibly in-
fluence the oxidative process as independent variables.
These analyses were performed using the SPSS (Statis-
tical Package for the Social Science) for Windows ver-
sion 10.0.

154
—2— Non-diabetics

—e— Type 1 diabetics

Oxidation coefficient

0 10 20 30
Time (h)

Figure 1. LDL oxidation coefficient (OxC) curve showing a
significant difference between patients with type 1 diabe-
tes (n = 40) and non-diabetic subjects (n = 33) 3 h after
administration of CuSOs. * p = 0.01.

Results

Seven (17.5%) patients with type 1 diabetes had
good diabetes control and 33 (82.5%) had moderate
control. We observed that patients had higher apoAl
levels (110.74 + 31.63 vs. 94.06 * 24.47 mg/dl, p =
0.0188) and albumin excretion rate (9.51 + 4.58 vs.
4.17 £ 3.13 y/min, p = 0.0001) than non-diabetic sub-
jects and lower uric acid levels (3.62 = 1.03 vs. 4.75 *
1.34 mg/dl, p = 0.0001). No difference was observed
between patients and non-diabetic subjects with re-
spect to the other variables analyzed. These data are
shown in Table 1.

Basal OxC values were similar in the two groups.
After the addition of CuSOs, patients with type 1 dia-
betes had earlier LDL oxidation than non-diabetic sub-
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jects (7.02 £ 1.35 vs. 7.90 + 1.43, p = 0.01) (Figure 1).
The difference between diabetic and non-diabetic sub-
jects in the LDL cholesterol reaction was observed 3 h
after addition of CuSOs.
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Figure 2. Distribution of OxC 3h according to the post-
prandial glucose increment in the total study population (n
= 73). Desirable increment of glucose: < 1.39 mmol/l (n =
39), high increment of glucose: > 1.39 mmol/l (n = 34). p =
0.0117.

The increment of glycemia between the fasting and
postprandial state was greater in patients than in non-
diabetic subjects (47.34 * 75.63 vs. 17.41 + 15.44
mg/dl, p = 0.0000) (ie. 2.63 = 4.20 vs. 0.97 + 0.86
mmol/l). By grouping all the individuals enrolled in the
study (patients with type 1 diabetes and non-diabetic
subjects) according to the glycemic increment (> or <
25 mg/dl (i.e. 1.39 mmol/l)), we observed that indi-
viduals with the smallest increment had greater OxC
3h (7.79 £ 1.60 vs. 6.95 = 1.18, p = 0.0117) (Figure 2).
The OxC 3h was also greater in the group classified as
having a lower macrovascular risk (7.75 + 1.43 vs. 6.88
*1.39, p = 0.0177) (Figure 3).

In the pooled group (patients with type 1 diabetes
and non-diabetic subjects), OxC 3h correlated with
PPG (r = -0.3123, p = 0.0101) (Figure 4). Data are
presented in Table 2. Stepwise multiple regression ap-
plied to the data with age, sex, BMI, FBG, HbA1lc and
PPG as independent variables and OxC 3h as the de-
pendent variable showed that PPG (r = 0.3088, 12 =
0.0953 [95% CI (-0.0078 to -0.0009), B = -0.0044, p =
0.0138]) and female sex (r = 0.4014, r2 = 0.1611, B =
-0.0048, p = 0.0051) were the significant independent
variables. In the diabetic group no correlation was
found between OxC 3h and any of the demographic,
clinical and laboratory variables analyzed, including the
insulin dose.
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Figure 3. Distribution of OxC 3h according to the risk of
arterial disease development in the total study population
(n = 73). Low risk: PPG < 7.49 mmol/l (n = 44), high risk:
PPG = 7.49 mmol/l (n =29). p =0.0177.

Discussion

In this cross-sectional study we evaluated the sus-
ceptibility of LDL to # vitro oxidation by CuSOs in pa-
tients with type 1 diabetes and in non-diabetic subjects
matched for gender, age and BMI. Since the reaction
of LDL with CuSOy is similar to the one determined
by the presence of activated macrophages, it is possible
that the former reproduces these modifications 7 vivo
[27]. Assuming that this hypothesis is true, the greater
susceptibility of LDL to oxidative stress may be one of
the pathophysiological mechanisms involved in athero-
sclerotic disease in type 1 diabetes, helping to explain
the higher prevalence of this illness in these patients
than in the general population [28].

Oxidation of LDL is thought to play a major role in
the initiation and development of atherosclerosis
through the generation of inflammatory lipids and the
covalent modification of this particle [29, 30]. Some of
the pro-atherogenic effects of modified LDL are toxic-
ity to endothelial cells, monocyte, neutrophil and eosi-
nophil attraction, inhibition of macrophage mobility
and promotion of foam cell formation [19, 31]. Al-
though several animal studies have shown that antioxi-
dants have been effective (reviewed in [19]), in hu-
mans, four clinical trials reported negative results in
relation to vitamin E interference with atherogenesis,
but they did not prove that the oxidative modification
hypothesis is not valid [32-35]. However, a recent
study showed different results and suggested that vi-
tamin B protects against the risk of cardiovascular dis-
ease by reducing the susceptibility of LDL to oxidative
modification in patients with hypertension [36].
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There are controversial data regarding LDL oxida-
tion in patients with type 1 diabetes [37-39]. These
conflicting results may reflect the differences in the
diabetic populations studied by each group in terms of
glycemia levels, presence and severity of diabetes com-
plications, vitamin content in the diet and, possibly,
race [40]. Our data, which are based on the formation
of conjugated dienes and oxidation of apoB, showed a
greater susceptibility of LDL to # vitro oxidation in pa-
tients with type 1 diabetes without clinical evidence of
diabetes complications. Since 82.5% of our patients
did not present good metabolic control, it is possible
that this fact interfered with the oxidation process.
Liguoti et al. |38] showed that the improvement of gly-
cemic control led to less susceptibility of LDL to oxi-
dation in patients with type 1 diabetes.

Our samples showed no difference in OxC before
CuSOy4 addition, meaning that in the basal state there
was no difference in this atherogenic component.
However, 3 h after exposure of LDL to oxidative
stress we observed that LDL isolated from patients
with type 1 diabetes became more oxidized than LDL
obtained from matched non-diabetic subjects, even
though this difference was small.

In our study, as in the literature [40], the greater
LDL susceptibility to oxidation in patients with type 1
diabetes cannot be justified by the presence of dyslipi-
demia. This suggests that differences in lipid metabo-
lism may not be the only and main factor determining
this process. Thus, according to our data, hyperglyce-
mia contributes critically to the higher susceptibility of
LDL to in vitro oxidation.
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Figure 4. Correlation between LDL oxidation coefficient
(OxC 3h) and postprandial hyperglycemia (PPG) 3 h after

CuSO, administration measured in the total study popula-
tion (n =73). p=0.0101.
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Table 2. Correlation between OxC 3h and metabolic parameters
and apolipoproteins from the pooled group (n = 73)

Parameter r p-value
HbAlc -0.2081 0.0839
FG -0.1836 0.1227
PPG -0.3123 0.0101
TC 0.0148 ns
HDL -0.0181 ns
LDL 0.0019 ns
TG 0.0370 ns
CT/HDL 0.0540 ns
LDL/HDL 0.0513 ns
ApoAl -0.0598 ns
ApoB -0.1109 ns
UA 0.1736 0.1476
Glycemic increment -0.2311 0.0598

Legend: HbAlc: glycated hemoglobin, FG: fasting glucose, PPG: post-
prandial glucose, TC: total cholesterol, HDL: high density lipoprotein,
LDL: low density lipoprotein, TG: triglycerides, ApoAl: apolipoprotein
Al, ApoB: apolipoprotein B, UA: uric acid, AER: urinary albumin excre-
tion rate, r: correlation coefficient, ns: not significant.

As proposed by the European Diabetes Policy
Group [23], diabetic patients with PPG = 135 mg/dl
(i.e. 7.49 mmol/]) are at higher risk of developing arte-
rial disease. This cutoff was determined for patients
with type 2 diabetes. Since there are no data available
on the level of postprandial glucose that determines a
higher risk of cardiovascular disease in patients with
type 1 diabetes, we adopted the same cutoff. We ob-
served that the OxC 3h was higher in the group with a
low risk for cardiovascular disease and, as the patients
with type 1 diabetes had higher PPG levels than non-
diabetic subjects, these data suggest that the postpran-
dial hyperglycemia is indeed related to the greater LDL
susceptibility to oxidation. Since oxidized LDL is con-
sidered to be a relevant factor in the pathogenesis of
atherosclerosis, the observation that the group at
higher cardiovascular risk had lower OxC 3h corrobo-
rates our hypothesis.

In the pooled group studied as a whole, we found a
negative correlation between OxC 3h and PPG, show-
ing that the higher the levels of this variable, the lower
the OxC 3h and therefore the greater the oxidation of
LDL particles. However, in contrast to type 2 diabetes
where postprandial hyperglycemia is recognized as an
important risk factor for the development of cardio-
vascular disease [41, 42], to the best of our knowledge
there are no data as yet that prove an association of
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postprandial hyperglycemia with risk factors for
atherosclerotic disease in type 1 diabetes.

We may infer that the association of hyperglycemia
and LDL oxidation may be related to the elevated gly-
cation of LDL during the hyperglycemic state, which
turns it into a form more susceptible to the oxidation
process [43]. However, we cannot exclude a direct ef-
fect of hyperglycemia on the overproduction of reac-
tive oxygen species. This effect can cause a greater
consumption of the endogenous antioxidant sub-
stances, resulting in an imbalance between free radical
production and antioxidant defense, and it may con-
tribute to LDL oxidation. In contrast to the latter
statement is the observation that normal or even
higher levels of vitamin E, a potent endogenous anti-
oxidant substance, were found in patients with type 1
diabetes [44]. In the present study, we showed dimin-
ished levels of uric acid, which is another potent en-
dogenous antioxidant, in patients with type 1 diabetes
compared to non-diabetic subjects. The same observa-
tion was made in the studies by Hoeldtke ¢z a/. [45] and
Tsai et al. [37].

Interestingly, the stepwise multiple regression
model showed that female sex and postprandial hyper-
glycemia were the only variables related to the greater
susceptibility of LDL to z vitro oxidation in patients
with type 1 diabetes. As shown by other authors, dia-
betes reduces gender protection against vascular dis-
ease in premenopausal women and also increases car-
diovascular risk to a greater extent in women than in
men [46-48]. Since the loss of relative protection in
women with type 1 diabetes cannot be explained by
traditional risk factors for coronary artery disease [49]
or by differences in lipoprotein particle size [50], the
increased oxidative stress and reduced antioxidant de-
fense in these patients, as observed by Marra ez a/. [51],
could be involved in the pathophysiology of athero-
sclerotic disease. A decrease in the endothelium-
dependent vasodilatation induced by estrogen has been
demonstrated [52]. The protective effect of estrogen
on lipoprotein oxidizability [53] and on endothelium-
dependent vasodilatation [54] might be impaired by the
increased oxidative stress in diabetic women.

Some limitations of our study concerning the mi-
crovascular and macrovascular complications of diabe-
tes should be discussed. Our measurement of retinopa-
thy was less sensitive in detecting the initial stages of
non-proliferative retinopathy than fundus photographs
and/or fluorescein angiography. However, according
to Willems e# al. [55], there are no differences in titers
of circulating autoantibodies against oxidized LDL be-
tween patients with type 1 diabetes with and without
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subclinical retinopathy. With regard to the macrovas-
cular complications, we excluded patients with clinical
cardiovascular disease using the Minnesota coding of
12-lead ECGs. Thus patients with preclinical athero-
sclerosis should have been included.

In conclusion, the present study showed that even
LDL isolated from patients with type 1 diabetes with-
out clinical microvascular complications ot cardiovas-

cular disease is more susceptible to 7z vitro oxidation
than LDL from non-diabetic subjects. Since there are
few studies using this approach in this group of pa-
tients, additional prospective studies are needed in or-
der to establish the predictive factors for LDL suscep-
tibility to oxidation during exposure to pro-oxidative
agents and its influences on chronic complications of
diabetes.
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