
I t is widely accepted nowadays that
oxidative modification of low density
lipoprotein (LDL) represents a signi-

ficant parameter in the atheromatous pla-
que formation. Oxidative modification of
LDL takes place in two stages. In the first

stage (stage of mild oxidation), lipids of
LDL, mainly various pho-spholipids such
as phosphatidylcholine, are oxidized with-
out any transformation of the molecular
structure of apolipoprotein B-100 (apo-B).
In the second stage (stage of advanced
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Introduction: Oxidative modification of LDL represents a crucial step in the initiation and development of
atheromatic plaque. Autoantibody titers against oxidized LDL (aOxLDL) has been extensively used in many
studies as an index of the degree of oxidation of LDL. Accumulating clinical and experimental data suggest
that autoantibodies against oxidized LDL may exert a protective antiatheromatic role. The aim of our study
was to assess aOx-LDL in young and middle aged healthy adults and search for any correlation with age
and lipid profile.
Methods: We studied 243 healthy individuals, aged 17 to 78 years. Study population was composed of
two groups: the group of young healthy adults (group A) aged 23.1±4.7 years (N=96) and the group of
middle aged adults without clinical evidence of severe atherosclerosis (group B ) aged 55.6±10.02 years
(N=147). All study population was blood sampled so as to assess aOxLDL and standard parameters of
lipid profile. aOx-LDL (mU/ml) were evaluated using an ELISA. Adults in group B had a transthoracic
echocardiogram and a stress test to exclude at least severe coronary atherosclerosis.
Results: We found that group A had higher aOx-LDL titers compared to group B (592±490 vs 456±366
respectively, p=0.02). Group B had higher serum levels of cholesterol, triglycerides, LDL, HDL
(paradoxically) and apoA , apoB compared to group A. We identified a statistical significant correlation
only between aOx-LDL and both LDL (r=0.28, p=0.01) and apoA (r=-0.23, p=0,04) in group A.
Multivariate linear regression analysis revealed that serum levels of LDL predicts aOx-LDL serum titers,
independently from age, sex, smoking, hypercholesterolemia, obesity, family history of coronary artery
disease, and lipid parameters.
Conclusions: Higher aOx-LDL serum titers in young healthy adults - who actually have l i t t le
atherosclerosis- compared to middle aged individuals are suggestive of a protective antiatheromatic role
for aOx-LDL. The independent positive correlation between aOx-LDL and LDL only in the group of young
healthy adults suggests that aOx-LDL may exert this protective role during young age only, and its
effectiveness may be diminished as the years pass.
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oxidation) lipids of LDL are further oxidized , while a
simultaneous transformation of apo B-100 takes place.
As a consequence, oxidized LDL is recognized by a
particular group of receptors, the genetic expression of
which is not regulated by intracellular levels of cho-
lesterol, thus causing an increased uptake of oxidized
LDL by subendothelially lying macrophages and
further acceleration of “foam cells” formation.

Furthermore, oxidized LDL exerts on one side a
chemotactic action on monocytes, by attracting these
inflammatory cells on lesion sites, and on the other
side a chemostatic action on macrophages, by im-
peding their entrance back to circulation (thus fa-
cilitating atherosclerotic process)1. Moreover, oxi-
dized LDL induces adhesion of leukocytes (mainly
monocytes) on endothelium in vivo2, parallel to an
enhanced vasoconstrictive action as a result of a
reduced nitric oxide (NO) activity, which constitutes
the main vasodilatory molecule produced by endo-
thelium. Probably oxidised LDL promotes smooth
muscle cells proliferation, parallel to a direct cyto-
toxic action as well. Finally, it seems that oxidized
LDL facilitates intravascular thrombus formation by
inhibiting production of prostacyclin by endothelial
cells and inducing production of plasminogen acti-
vator’s inhibitor-1 (PAI-1)3.

However, besides their atherogenic effects,
oxidized LDL particles possess parallel antigenic
properties, thus inducing a corresponding antibodies
production. Various recent studies have raised the
concept that immune response to oxidized LDL may
contribute to the pathogenetic process of athero-
sclerosis. It is true that many inflammatory cells ,
such as macrophages, T and B-lymphocytes, are
placed inside atheromatous plaques, usually in an
activated condition. It seems that some clones of T-
lymphocytes are activated by oxidized LDL.

Serum titers of autoantibodies against oxidized
LDL (aOxLDL) has been assessed in various studies,
which included patients with severe atherosclerotic
disease. Autoantibody titers against oxidized LDL
was increased in patients with severe atheromatosis
of coronary arteries4, carotid arteries5,6 and peri-
pheral arteries7. It has also been found that serum
titers of these autoantibodies are predictive of the
progression of atherosclerosclerosis in carotids, and
the outcome of a myocardial infarction. However,
other studies have not confirmed these results.
Moreover, reduced serum titers of autoantibodies
against oxidized LDL have been documented in
patients with familial hypercholesterolemia in a

recent study. Very few studies have investigated
autoantibody titers against oxidized LDL in a heal-
thy population. These study populations consisted of
middle-aged individuals, while in none of these
studies were autoantibody titers against oxidized
LDL assessed in young healthy adults.

The aim of our study was to compare serum
titers of autoantibodies against oxidized LDL bet-
ween two groups of general population: the group of
young healthy adults and the group of middle aged
healthy adults.

Subjects-Methods

Study Population

The population of our study included 243 healthy
volunteers, of both sexes and a wide distribution of
frequencies of age. The subjects of our study be-
longed into one of two groups: the group of young
healthy adults aged <35 years (Group A, N=96, 30
males and 66 females, mean age 23.1±4.7 years) and
the group of middle aged healthy adults aged >35
years (Group B, N=147, 56 males and 91 females,
mean age 55.6±10.2 years). Group A completely
consisted of students of Nursing School of “Evan-
gelismos” Hospital (inclusion criterion in our study
was age<35 years) while group B included healthy
volunteers from personnel of the same hospital (in-
clusion criterion in our study was age>35 years).

Exclusion criteria in our study were the presence
of known history of coronary artery disease, valvular
disease, heart failure or other chronic disease (chro-
nic renal failure, connective tissue disorder, hemato-
logical disease, chronic obstructive respiratory di-
sease), diabetes mellitus and hypertension. The
probability of a subclinical form of coronary artery
disease in individuals of group B was very low, as all
of them had a negative treadmill stress test (Bruce
protocol). 

Detailed medical history was obtained from all
subjects of our study and the presence of any of the
rest conventional coronary artery disease risk fa-
ctors, such as hypercholesterolemia, smoking, family
history of coronary artery disease and obesity was
recorded as well. Individuals were considered to
have hypercholesterolemia if they had a known
history of the disorder documented by previous mea-
surements, or if they were on a lipid-lowering drug
therapy or if they were proved to have severe hyper-
cholesterolemia (serum levels of cholesterol , as-
sessed in our laboratory, >240 mg/dl). Obesity was
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defined as evaluated Body Mass Index>30 kgr/m2.
Finally, family history of coronary artery disease was
considered positive if there was a first degree re-
lative (a parent, or a brother or a sister) with docu-
mented coronary artery disease aged <55 years re-
garding males, and <65 years regarding females.

Biochemical analyses

Venous blood samples were drawn from all indivi-
duals of our study, after 12 hours fasting and centri-
fuged at 4000 × g for 8 minutes. The separated se-
rum was then stored and frozen at –80oC, until ana-
lysis was performed. Full lipid profile, as well as
serum titers of autoantibodies against oxidized LDL,
were assessed in a later time.

Total cholesterol, triglycerides and HDL cho-
lesterol were measured with an automatic assay
system using an enzymatic colorimetric method,
while LDL cholesterol serum levels were evaluated
using Friedwald’s formula (if triglycerides serum
levels were <400 mg/dl). In more details, the de-
termination of total cholesterol was based on the
complete enzymatic method, with reactions ca-
talysed by cholesterol esterase and cholesterol oxi-
dase (reagents by ROCHE co.). HDL cholesterol
serum levels were determined applying the same
method, after modification of the above mentioned
enzymes by polyethylene glucole (PEG) and dex-
trane sulphate. Triglycerides measurement was
based on their saponification by the enzymes li-
poprotein lipase, glycerole kinase and 3-phosphate
glycerole oxidase (reagents by ROCHE co.). End
product of all reactions in the three mentioned bio-
chemical methods is hydrogen superoxide (H2O2),
which by taking part in a reaction catalyzed by a pe-
roxidase (Trinder reaction), changes the color of a
buffer (reagent by ROCHE co.). Finally, the color
density of this buffer following Trinder reaction was
determined with the use of a special spectropho-
tometric reader, thus reflecting hydrogen superoxide
concentration and consequently serum levels of total
cholesterol, HDL cholesterol and triglycerides re-
spectively.

Serum levels of apolipoprotein A-I (apo A-I),
apolipoprotein B (apo B) and lipoprotein a (Lp(a))
were quantitatively determined using an automated
immunonephelometric system. We used special li-
quid animal antisera (reagents by DADE BEHR-
ING co., produced by immunization of rabbits) to
achieve binding of apolipoproteins A-I and B, and a

following corresponding immunocomplexes for-
mation. These immunocomplexes cause scattering
of a beam of light passing through the sample, a
property which constitutes the basic principle of this
method. The intensity of the scattererd light is pro-
portional to the concentration of immunocomple-
xes and consequently to the corresponding concen-
tration of apolipoprotein A-I and B. The intensity of
scattered light was measured with a nephelometer.
Assessment of serum levels of lipoprotein a was made
according to the same method, except that the binding
of lipoprotein was performed by a solution of poly-
steryl microparticles coated with monoclonal anti-
bodies against lipoprotein, instead of liquid animal
antiserum.

Serum titers of IgG-autoantibodies against oxi-
dized LDL were determined with a sandwich en-
zyme-linked immunosorbent assay (ELISA) kit
purchased from Biomedica Gesellschaft. According
to this method, copper oxidized LDL (Cu++ oxidized
LDL) was coated onto microtiter strips as antigen,
which bound with IgG autoantibodies against oxi-
dized LDL of 50Ìl dropped serum. The coated strip
was immersed in buffer containing antihuman IgG,
so as to detect bound autoantibodies. The concen-
tration of IgG autoantibodies in the sample was
quantified by an enzyme-catalyzed color change,
detectable with a standard spectrophotometric ELISA
reader in mU/ml. The whole assay was standardized
with defined increased titers of autoantibodies against
oxidized LDL.

Statistics

Statistical analysis of the data of our study was per-
formed with the use of statistic software SPSS10.0. P
values less than 0.05 were considered statistically
significant. We must note that SPSS can estimate p
values not less than one per thousand, so proba-
bilities of lesser values are generally depicted in
SPSS as 0.000. In such cases in our study we simply
denoted this as p<0.0009.

Results

Characteristics of the study population

Our study aimed at comparing serum titers of auto-
antibodies against oxidized LDL between young and
middle aged healthy adults. Although subjects of all
ages were included in our study, it is remarkable that
most of the individuals of group A were 18-25 years
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old (74 out of 96 subjects), while most of the in-
dividuals of group B were 45-65 years old (116 out of
147 subjects). From this point of view, age as a con-
tinuous variable of our study was not of normal
distribution.

It is also noteworthy that most of the subjects
included in our study were females: totally 156
(64.6%) versus 85 (33.4%) males. Both groups were
sex-matched, although females were much more
than males in both groups (X2=1.38 p=0.24) (Table
1). Moreover, both groups consisted of similar
percentages of smokers, so that the two groups were
matched regarding this coronary artery disease risk
factor (X2=49.5 p<0.0009). Group A included 2
subjects with hypercholesterolemia, versus 59 that
were included in group B (X2=5.2 p=0.02). There
were no subjects with severe obesity in group A,
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compared to 9 obese individuals that were included
in group B (X2=5.2 p=0.02). Finally, there was a
borderline statistically significant difference between
the two groups of our study population, regarding
family history of coronary artery disease: 10 subjects
in group A versus 31 in group B (X2=3.7 p=0.052).

Regarding lipid profile (Table 2), subjects of
group B compared to subjects of group A, had
higher cholesterol serum levels (236±45 mg/dl vs
184±28 mg/dl respectively, p<0.0009), higher
triglycerides serum levels (127±64 mg/dl vs 66±44
respectively, p<0.0009), higher LDL cholesterol
serum levels (157±41 mg/dl vs 125±23 mg/dl
respectively, p<0.0009), higher HDL cholesterol
serum levels (52±14 mg/dl vs 46±10 mg/dl
respectively, p=0.001), higher apo A-I serum levels
(152±23 mg/dl vs144±21mg/dl respectively,
p=0.02), and higher apo B serum levels (123±29
mg/dl vs 85±20 mg/dl respectively, p<0.0009). No
difference between the two groups of subjects
regarding Lp(a) serum levels was identified (20±25
mg/dl vs 15±17 mg/dl respectively, p=0.22).

Serum titers of autoantibodies against oxidized LDL

Subjects of group A had statistically significant higher
serum titers of autoantibodies against oxidized LDL,
compared to those of group B (592±490 mU/ml vs
456±366 mU/ml respectively, t=2.3 p=0.02). Serum
titers of autoantibodies against oxidized LDL in group
A, was not different between males and females -
although males had higher titers compared to females,

Table 1. Characteristics of qualitative variables of the two groups
of the study population.

GROUP A GROUP B
¡=96 ¡=147

Sex F=66 M=30 F=91 M=56 Ã2=1,38 p=0,24
Smoking 30 29 Ã2=1,82 p=0,17
Hypercholesterolemia 2 59 Ã2=49,5 p<0,0009
Family history of 10 31 Ã2=3,7 p=0,052

coronary artery disease
Obesity 0 9 Ã2=5,2 p=0,02

F=Female, M=Male.

Table 2. Characteristics of quantitative variable of the two groups of the study population (age, lipid-profile, autoantibodies against
oxidized LDL). 

Group A    ¡=96 Group B    ¡=147 t, p
Range Mean values Range Mean values

± standard deviation ± standard deviation

Age (years) 17-35 23.1±4.7 36-75 55.6±10.2
aOxLDL (mU/ml) 22-1428 592.2±490.7 30-1400 456.6±366.1 t=2.3, p=0.02
Chol (mg/dl) 133-291 184.2±28.2 134-377 236.4±46 t=8.9, p<0.0009
TGL (mg/dl) 21-363 66.3±44.9 11-372 127.9±64.1 t=7.3, p<0.0009
HDL (mg/dl) 20-68 46.2±10.9 25-107 52.5±14.4 t=3.2, p=0.001
LDL (mg/dl) 79-236 125,5±23.9 54-279 157.7±41.7 t=6.1, p<0.0009
ApoA (mg/dl) 91-196 144,1±21.1 98-205 152.5±23.7 t=2.2, p=0.02
ApoB (mg/dl) 30-162 85.8±20.6 70-230 123.9 ± 29.5 t=9.1, p<0.0009
Lp(a) (mg/dl) 2.5-118 15.8±17.4 2.5-127 20.2 ± 25.6 t=1.2, p=0.22

aOxLDL: Serum titers of autoantibodies against oxidized LDL cholesterol, Chol: serum levels of cholesterol, TGL: serum levels of
triglycerides, HDL: serum levels of HDL cholesterol, LDL: serum levels of l LDL cholesterol, ApoA: serum levels of apolipoprotein A, ApoB:
serum levels of apolipoprotein B, Lp(a):serum levels of lipoprotein a.



this difference was not statistically significant-(714 ±
515 mU/ml vs 528 ± 469 mU/ml respectively, t=1.7
p=0.09), neither between smokers and non-smokers
(542 ± 482 mU/ml vs 642 ± 505 mU/ml respectively,
t=-0.85 p=0.39), nor between subjects with positive
and negative family history of coronary artery
disease (761 mU/ml ± 544 mU/ml versus 582 mU/ml
± 489 mU/ml respectively, t=1.03 p=0.31). On the
contrary, the two subjects in group A with
hypercholesterolemia had very high serum titers of
autoantibodies against oxidized LDL (1400 mU/ml
both of them), which were found statistically
significantly higher than those of the rest subjects of
group A without hypercholesterolemia (1400 mU/ml
vs 586±489 mU/ml respectively, t=2.3 p=0.02 ).

Regarding group B, serum titers of autoantibo-
dies against oxidized LDL, were not different
between males and females (503 mU/ml ± 404
mU/ml vs 423 mU/ml ± 335 mU/ml respectively ,
t=1.2 p=0.23), neither between subjects with and
without hypercholesterolemia (388 mU/ml ± 368
mU/ml vs 435 mU/ml ± 349 mU/ml respectively,
t=-0.59 p=0.59 ), nor between subjects with positive
and negative family history of coronary artery
disease (345 mU/ml ± 308 mU/ml vs 436 mU/ml ±
368 mU/ml respectively, t=-0.98 p=0.32), and nor
between smokers and non smokers (406 mU/ml ±
399 mU/ml vs 420 mU/ml ± 340 mU/ml resp-
ectively, t=-0.16 p=0.87 ). On the contrary, obese
subjects in group B had higher autoantibody titers
against oxidized LDL (767 mU/ml ± 369 mU/ml vs
390 mU/ml±343 mU/ml respectively, t=2.5
p=0.01).

Nine out of 59 subjects of group B with hy-
percholesterolemia were on lipid-lowering drug
therapy with statins, and compared to the rest who
were not on drug therapy had lower cholesterol
serum levels (192,3 mg/dl ± 33 mg/dl vs 265 mg/dl ±
41 mg/dl, respectively p<0,0009), and lower LDL
cholesterol serum levels (122.5 mg/dl ± 21 mg/dl vs
171 mg/dl ± 42 mg/dl, respectively p<0,0009).
However, no difference regarding serum titers of
autoantibodies against oxidized LDL was identified
between these nine subjects and either the rest who
were not on drug therapy (395 mU/ml ± 363 mU/ml
vs 379 mU/ml ± 387 mU/ml, respectively P>0.05),
or subjects without hypercholesterolemia of group B
(395 mU/ml ± 363 mU/ml ¤Ó·ÓÙÈ 435 mU/ml ± 349
mU/ml, respectively p>0.05).

In all cases, we compared the mean values of
serum titers of autoantibodies against oxidized LDL

using student’s t test. However, even after logari-
thmic transformation of the values of serum titers of
autoantibodies against oxidized LDL (a normaliza-
tion procedure), comparisons of the mean values of
the normalised data between subgroups of our
population study using t-test, reached to similar
results. Moreover, serum titers of autoantibodies
against oxidized LDL in subjects of group A were
found statistically significantly higher than in
subjects of group B, even after performing compa-
risons of the respective mean values using non-
parametric tests Mann Whitney and Kolmogorov
(p=0.04).

Correlations - Multivariate regression analyses 

Pearson correlation of serum titers of autoantibodies
against oxidized LDL in group A with the variables
of lipid profile revealed a positive relationship with
LDL cholesterol (R=0.285 p=0.01) (Figure 1) and a
negative relationship with apo A-I (R=-0.239
p=0.039) (Figure 2). No correlation was identified
between serum titers of aOxLDL and the rest of the
lipid profile parameters in group A. On the contrary,
regarding group B no correlation was found between
serum titers of aOxLDL and any of the lipid
parameters.

Stepwise multivariate linear regression analysis
(a dependent variable entered and remained in the
model if probability F was low enough <0.05) re-
vealed that both LDL cholesterol serum levels
(b=5.77 SE=2.28 beta= 0.285 t=2.52 p=0.01) and
apo A-I serum levels (part. correl.=-0.22 t=1.96
p=0.05) are predictors of serum titers of autoanti-
bodies against oxidized LDL in group A, inde-
pendently from sex, history of smoking, family
history of coronary artery disease, and serum levels
of cholesterol, triglycerides, HDL cholesterol, LDL
cholesterol, apo B and Lp(a) (Table 4).

Another stepwise multivariate linear regression
analysis which investigated whether age is an
independent predictor of serum titers of aOxLDL in
the whole study population, revealed that only apo
A-I serum levels is an independent predictor (b=-
3.79 SE=1.6 beta= -0.197 t=2.26 p=0.025) of the
titers of these autoantibodies, comparing with age
(both as a categorical variable with cut off point
<35 years, as well as a continuous variable), sex,
history of smoking, family history of coronary artery
disease, presence of severe obesity and serum levels
of cholesterol, triglycerides, HDL cholesterol, LDL
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cholesterol, apo B and Lp(a) (Table 5). It is remar-
kable that in the same multivariate regression
model, the categorical variable of age remains the
only independent predictor (p=0.007) of serum
titers of aOxLDL, until the variable of apo A-I
serum levels enters the model and proved to be the
only dominating independent predictor. It is
noteworthy that results from stepwise multivariate
linear regression analyses applied both in
population of group A as well as in the whole study
population, remains unchanged, even after using a

different multivariate linear regression method,
such as remove, forward or backward.

Finally, it is noteworthy that although serum
titers of aOxLDL were found to be statistically
significantly different between the two groups of
our study population, the group of young and the
group of middle aged healthy adults, after con-
sidering age as a continuous variable no corre-
lation between age and serum titers of these
autoantibodies was identified (even after nor-
malization of data of age). This finding is further
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Figure 1. Diagram of serum titers of auto-
antibodies against oxidized LDL (OXLDL)
and serum levels of LDL cholesterol in
group A of the study population.

Figure 2. Diagram of serum titers of
autoantibodies against oxidized LDL
(OXLDL) and serum levels of apolipo-
protein A-I (APOA) in group A of the study
population.



explained by non-homogenous distribution of age
in our study population.

Cluster analysis - Discriminant analysis

The aim of our study was to compare serum
titers of aOxLDL between two different, according
to age, groups of healthy subjects from the general
population. However, we performed cluster and
discriminant analysis in our study population, in
order to further clarify the relationship between
lipid parameters and age on one side, and serum
titers of aOxLDL on the other side. The aim of these
analyses was neither to divide our study population
in groups (cluster analysis), nor to identify any
variables which, as a part of a formula, could predict
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Table 3. Serum titers of autoantibodies against oxidized LDL cholesterol in different subgroups of the study population.

GROUP A   ¡=96 GROUP B   ¡=147

+ – t, p + – t, p

Hypercholesterolemia 1400±0 586±489 * 388±368 435±349 t=–0.6, p=0.59
Smoking 542±482 642±505 t=–0.85, p=0,39 406±399 420±340 t=–0.16, p=0.87
Family history of 761±544 582±489 t=1.03, p=0,31 345±308 436±368 t=–0.98, p=0.32

coronary artery disease
Obesity 767±369 390±343 t=2.5, p=0.01
Sex M=714±515 F=528±469 t=1.7, p=0,09 M=503±404 F=423±335 t=1.2, p=0.23

F=Female, M=Male.
* We did not perform statistical comparison of the mean value of the serum titers of autoantibodies against oxidized LDL cholesterol

between subjects of group A with and without hypercholesterolemia, because only two subjects of group A had hypercholesterolemia.

Table 4. Multivariate linear analysis of serum titers of auto-
antibodies against oxidized LDL cholesterol and the different
qualitative and quantitative variables of the group A of the study
population.

GROUP A   ¡=96

Partial correlation t P

Sex 0.12 1.1 0.27
Smoking –0.11 –0.94 0.34
Family history of 0.12 1.03 0.3

coronary artery disease
Cholesterol –0.17 –1.48 0.14
Triglycerides –0.11 0.32 0.32
HDL –0.12 –1.02 0.31
LDL 0.285 2.52 0.01
ApoA –0.22 –1.95 0.05
ApoB –0.15 –1.32 0.19
Lp(a) –0.41 –0.34 0.72

Table 5. Multivariate linear analysis of serum levels of antibodies
to oxidized LDL cholesterol and the different qualitative and
quantitative variables of the whole study popoulation.

Partial correlation t P

Age <35 years –0.09 –1.1 0.26
Age (as a continuous variable) –0.06 –0.67 0.97
Sex (males) 0.038 0.42 0.67
Smoking –0.14 –1.6 0.11
Family history of –0.039 –0.43 0.66

coronary artery disease
Obesity 0.1 1.2 0.22
Cholesterol –0.029 –0.32 0.74
Triglycerides –0.065 –0.73 0.46
HDL 0.005 0.05 0.95
LDL 0.000 0.003 0.99
ApoA –0.197 2.2 0.025
ApoB –0.03 –0.42 0.67
Lp(a) –0.02 –0.29 0.76

whether a subject of this population belong to a
certain group according to age or serum titers of
aOxLDL (Discriminant analysis). On the contrary,
we performed such analyses in order to confirm the
results of the above mentioned multivariate linear
regression analyses.

We performed Cluster analysis of K means, in
order to divide the whole study population into two
groups, according to age, sex, lipid profile and serum
titers of aOxLDL. We demonstrated that there was
a statistically significantly difference between the
two formed groups , only regarding age, serum titers
of aOxLDL and serum levels of apo A-I. In more
details, the centers of the groups 1 and 2 that were
statistically significantly different were: regarding
age:38.1 years vs 31.5 years respectively (ANOVA:
F=3.6 p=0.03), regarding apolipoprotein A-I: 152



mg/dl vs 141mg/dl respectively (ANOVA: F=3.6
p=0.02), and regarding aOxLDL 298.7 mU/ml vs
1197mU/ml (ANOVA: F=777.6 p<0.0009).

We also performed a stepwise Discriminant
analysis in order to find out if there was any variable
that could divide the study population into two
groups according to a cut-off point of serum titers of
aOxLDL (cut-off point =700 mU/ml). Age proved
to be the only variable that has been included in a
formula (y=–2.22 + 0.06x, z=–8.5), which can
statistically significantly (Wilks’ Lamda=0.96,
F=4.74, p=0.03) predict correctly in 68% of cases.

Discussion

This study was the first to investigate serum titers of
autoantibodies against oxidized LDL, in a group of
patients from general population, with age so widely
ranging. In all previous studies that autoantibodies
against oxidized LDL were measured, both subjects
from studies that included exclusively healthy
population without severe atherosclerosis, and sub-
jects from control groups of studies that were con-
sisted of patients with severe atherosclerosis, were
all middle-aged. The distribution of frequencies of
age in our study population was not normal, because
we intended beforehand to focus our investigation
on two different group of individuals, regarding age:
young healthy adults versus middle aged subjects.
From this point of view, although age in subjects of
our study population was quite widely ranging, as a
matter of fact the distribution of frequencies of age
is two-headed, as our study population is consisted
of two homogenous groups, regarding age. Another
characteristic of our study is the high percentage of
females included in both groups of our study.

Regarding the method for assessing autoanti-
bodies against oxidised LDL that we applied in our
study it is remarkable that copper oxidised LDL
(Cu++ oxLDL) was used as an antigen of a relevant
ELISA. In previous studies in which serum titers of
aOxLDL were assessed, other antigens were used,
such as aldeydes, as byproducts of advanced LDL
oxidation and malondialdeyde-LDL (MDA-LDL). It
is probable that using Cu++ oxLDL as an antigen of
LDL oxidation represents a model that may simulate
adequately biological reality.

There are split views regarding pathophysio-
logical role of autoantibodies aOxLDL and what
actually they represent. Some studies in healthy
population have revealed a positive8,9 , while some

others a negative10,11 correlation between aOxLDL
and intima-media thickness of common carotid
artery, as an index of asymptomatic atherosclerosis.

There are three significant prospective studies
12,13,14 in healthy population , which showed a positive
correlation between serum titers of aOxLDL and the
risk for developing myocardial infarction in a follow
up period of 5, 10 and 20 years respectively, inde-
pendently from traditional coronary artery disease
risk factors. These findings were confirmed by another
study15. 

In our study, we demonstrated that young heal-
thy adults, have high serum titers of autoantibodies
aOxLDL which actually are statistically significantly
higher than those of middle aged subjects, after
comparing with parametric student’s t-test. This
difference is still statistically significant, even after
normalisation of the values of serum titers of auto-
antibodies aOxLDL (logarithmic transformation)
and then comparing with t- test or even after per-
forming comparisons of the mean values using non-
parametric tests. We note that the fact that the
variance of the variable of the values of serum titers
of autoantibodies aOxLDL is high, does not prove
that this variable is not normally distributed in the
general population as our sample was neither large
nor representative enough. Safe conclusions regard-
ing the distribution of the values of serum titers of
autoantibodies aOxLDL in the general population
can only be extracted, after conducting a prolonged
epidemiological survey. Our study aimed simply at
comparing serum titers of aOxLDL between young
and middle aged healthy adults.

Provided that individuals from the group of
young adults have probably limited atherosclerosis
regarding severity, high serum titers of autoantibo-
dies aOxLDL must not reflect increased quantity of
oxidised LDL inside arterial walls. Consequently,
this finding is conflicting with findings from other
studies which are evident of positive relationship
between serum titers of aOxLDL and severity of
atherosclerosis. However, our findings are confirma-
tive of other studies, that not only reached similar
conclusions with the previous ones, but also deduced
that autoantibodies aOxLDL may represent an
expression of a defence against atheromatosis.

Although there is not any report in the literature
having included young healthy adults, an apparent
conclusion of our study was that serum titers of
aOxLDL and probably the ability of defending
against atherogenic factors declines with aging. The
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fact of not revealing any relationship between serum
titers of autoantibodies aOxLDL and age as a conti-
nuous variable after applying linear regression
analysis in our study, must be attributed to the non-
homogeneity of study population. On the contrary,
by performing the same statistical methods we
demonstrated that age, as a categorical variable (cut-
off point 35 years), is a significant predictor of serum
titers of autoantibodies aOxLDL. From this point of
view, our study is the first revealing a link between
age and autoantibodies against oxidised LDL. More-
over, both cluster analysis and discriminant analysis,
which performed for reasons of indirect statistical
confirmation of the results of multivariate analyses,
evidenced an association between age and autoan-
tibodies aOxLDL.

The mechanisms through which autoantibodies
aOxLDL may contribute to atherosclerotic process
are various. Firstly, these autoantibodies may be
linked with their antigens, i.e. particles of oxidised
LDL, which circulate freely in the blood, thus inhi-
biting their entrance inside the arterial wall. Many
clinical and experimental studies16-18 are supportive
of the hypothesis that humoral immune response to
oxidatively modified lipoproteins may increase their
clearance. Secondly, autoantibodies against oxidised
LDL may facilitate removal of oxidised LDL from
the arterial wall and its re-entrance back to circula-
tion. Horrko et al19 have demonstrated that uptake
of oxidised LDL by macrophages may be inhibited
by autoantibodies against oxidised LDL, which in this
way are opposing transformation of macrophages to
foam cells20,21. Moreover, Ling et al22 showed that when
oxidised LDL can not be uptaken by macrophages, it
may follow other metabolic alternative routes. Thirdly,
the theory of antiatherogenic action of humoral
immune response is further supported by experimental
studies, which revealed that immunization of animals
against oxidised LDL caused a significant increase of
IgG autoantibodies aOxLDL and a simultaneous
inhibition of atherosclerosis progression. Finally,
another point that should be kept in mind, is the role
of cellular immune response in the pathophysiologic
process of atherosclerosis, in which T-lymphocytes
are of vital importance. The activation of T lympho-
cytes is also triggered by oxidised LDL. On the other
hand, these cells present oxidised LDL as an antigen
to B-lymphocytes, thus provoking the production of
autoantibodies by the latter. The significance of the
role of T and B lymphocytes on atherosclerosis has
been demonstrated in many studies23,24. 

Taking into consideration these concepts, the
finding of our study regarding reduced immune re-
sponse of middle-aged individuals to antigenic sti-
mulus of oxidised LDL, which are expected to be of
higher concentration in this group of patients, is sur-
prising. An interesting study25 showed that system of
immunity exerts a significant role on atherosclerosis
under normal conditions, while in a severe athero-
genic environment –such as in hypercholesterolemia–
this role is overshadowed by prevailing atherogenic
factors. These findings have also been confirmed by
clinical studies26,27. It is probable that humoral im-
munity8,10 play a significant role in the very initial sta-
ges of atherosclerotic process, when various relevant
risk factors have not yet caused severe disease. Con-
sequently, we can deduce that immune response to
oxidized LDL is of variable importance, regarding
pathophysiologic process in the various stages of
atherosclerosis. The findings of these studies are in
accordance with findings of our study, according to
which individuals from group B with hypercholeste-
rolemia who were in lipid lowering drug therapy with
statins and having achieved reduction of total chole-
sterol and LDL serum levels to normal range, had
though similar serum titers of autoantibodies aOxLDL
with individuals without hypercholesterolemia or
hypercholesterolemic subjects without drug therapy.
It seems that modification of an atherogenic envi-
ronment, such as hypercholesterolemia (by admini-
stering statins which also have an antioxidant acti-
vity, due to their pleiotropic properties), does not
affect immune response to oxidized LDL cholesterol
in middle aged subjects. However, on the other side
there is experimental evidence that autoantibodies
aOxLDL contribute to atherosclerosis progression,
either by increasing foam cells formation28, or in-
ducing arterial wall injury29.

Another significant finding of our study was the
inverse relationship between serum levels of Apo A-I
and serum titers of autoantibodies aOxLDL, which
was demonstrated in the group of young healthy ad-
ults. We have to note that no study in the past has
examined the relationship between serum titers of
autoantibodies and serum levels of Apo A-I. Perform-
ing multivariate analysis, serum levels of both LDL
cholesterol and Apo A-I were recognized as inde-
pendent predictors of serum titers of autoantibodies
against oxidized LDL in young healthy adults.

The antiatherogenic activity of HDL cholesterol
has been documented by a large number of experi-
mental and both prospective and randomized clinical
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studies. It seems that activity of HDL cholesterol can
not be evaluated exclusively and solely by a quanti-
tative assessment of this lipoprotein, although the
reported guidelines regarding the management of
hyperlipidemias and the relevant charts for the assess-
ment of cardiovascular risk, approved by both Euro-
pean Society of Cardiology and American Heart Asso-
ciation / American College of Cardiology, have includ-
ed algorithms containing only the quantitative assess-
ment of HDL. It also seems that the antiatherogenic
properties of HDL are not always proportional to se-
rum levels of HDL cholesterol30, but it is possible on
one hand, low levels of HDL to be associated with
significant antiatherogenic activity31 and vice versa. A
remarkable part of HDL cholesterol’s antiatherogenic
avtivity must be attributed to its antioxidant proper-
ties, owing to two enzymes with antioxidant action,
paraoxonase and PAF-acetylhydrolase32-34. These two
antioxidant enzymes32,33 are incorporated mainly into
HDL particle, and they protect both HDL and LDL
particles from oxidation. However, paraoxonase is
particularly linked to apolipoprotein A-I32 ( and to
apolipoprotein J). Although HDL particle contains
apolipoproteins Apo A of various types (I-IV), Apo
A-I accounts for more than 70% of total apolipopro-
tein content, so it actually reflects the quantity of pa-
raoxonase on HDL particle.

Accordingly, the group of young healthy adults
in our study with high serum levels of Apo A-I had
lesser quantity of oxidized LDL. However this popu-
lation had also low serum titer of autoantibodies a-
gainst oxidized LDL. These findings in conjunction
with the identified positive correlation between se-
rum levels of LDL cholesterol and serum titers of
autoantibodies against oxidized LDL in the same
group of subjects, evidence that autoantibodies aOxLDL
reflect the quantity of oxidized LDL (provided that
levels of oxidized LDL under normal conditions
parallel to levels of circulating LDL cholesterol). Re-
viewing the literature, there is only one study36 which
identified a negative correlation between serum titers
of autoantibodies against oxidized LDL and serum
levels of HDL cholesterol in middle aged healthy
subjects, but measurements of apo A-I serum levels
were not performed.

In conclusion, there were two significant findings
in our study: Firstly, young healthy adults, who by de-
finition have limited atheromatosis, have higher serum
titers of autoantibodies against oxidized LDL,
compared to those of a middle-aged population. And
secondly, serum levels of LDL cholesterol are po-

sitively correlated, while serum levels of Apo A-I are
negatively correlated, with serum titers of autoanti-
bodies against oxidized LDL in the group of young
adults. It seems that in the very initial steps of athe-
rosclerotic process, oxidation of LDL cholesterol
induces the production of protective autoantibodies
against oxidized LDL, whose serum titers are pro-
portional to the quantity of oxidized LDL chole-
sterol. It seems that the contribution of this mecha-
nism on atherosclerosis, declines with aging. The in-
verse relationship between serum titers of autoan-
tibodies against oxidized LDL and serum levels of
Apo A-I, confirms the antioxidant properties of the
latter and its significant role on antiatherogenic de-
fense.
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