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Abstract

Background: Oxidative stress plays an important role in the pathogenesis of atherosclerosis. Advanced oxidation protein
products (AOPP) are markers of oxidative stress and mediators of inflammation. Increased arterial stiffness is associated with
increased risk of cardiovascular mortality and morbidity. The aim of this study was to evaluate the relationship between an
indirect marker of arterial stiffness and the AOPP level in apparently healthy individuals.

Methods and results: Arterial stiffness was estimated with the use of the stiffness index (SIpyp) which significantly correlated
with age, mean blood pressure, body fat content and AOPP. The SIpyp was associated with AOPP concentration in both single
(R=0.22, p=0.03) and multiple regression models adjusted for age, sex, mean blood pressure and body fat content
(R? = 42%, p < 0.0001).

Conclusions: The AOPP concentration is elevated in healthy people with increased values of stiffness index. This finding

supports the concept that oxidative stress may contribute to arterial stiffening in humans.
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Introduction

Vascular stiffening is a hallmark of aging [1]. Increased
arterial stiffness may also be a consequence of various
pathological processes associated with diabetes,
hypertension, metabolic syndrome or chronic renal
disease [2—-5]. It was recently suggested that an
inflammatory process may be involved in large artery
stiffening [6]. Arterial stiffness is also an independent
marker for increased risk of cardiovascular compli-
cations in a number of diseases as well as in apparently
healthy subjects [7,8]. The stiffness index (SIpyp) is an
indirect and non-invasive measure of arterial stiffness
obtained with digital volume pulse (DVP) waveform
recorded by photoplethysmography [9—12].

Oxidative stress plays an important role in the
pathogenesis of cardiovascular complications associ-
ated with aging and in diabetes or hypertension [13—
15]. Various markers are thought to be associated with
inflammation and/or oxidative stress in patients
suffering from cardiovascular complications as well
as in apparently healthy subjects [16,17]. C-reactive
protein is an independent predictor of outcome in
survivors of myocardial infarction as well as healthy
individuals [18,19]. Moreover, Yasmin et al. [6]
recently demonstrated that C-reactive protein is
independently associated with arterial stiffness in
healthy subjects. However, so far only circumstantial
evidences indicate that oxidative stress contributes to
the process of arterial stiffening. Advanced oxidation
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protein products (AOPP) are markers of oxidative
stress—mediated protein damage and possess some
proinflammatory properties [20,21]. The AOPP
plasma concentration is increased in patients with
renal failure, diabetes, coronary artery disease and in
subjects with chronic rheumatic valvular disease
[20,22-24]. We hypothesized that AOPP levels
could be correlated with SIpyp in apparently healthy
individuals.

Material and methods
Subjects

A total of 94 healthy volunteers was studied. The
subjects who declared themselves as being healthy
were recruited through a local advertisement and from
the staff of our department. Careful history taking and
physical examination revealed no abnormalities, their
resting ECG was completely normal. None of the
study subjects was taking any medication. We did not
exclude patients with blood pressure > 140/90 on a
single measurement from the study. Total cholesterol
(Synchron, CX, USA) and blood glucose (Ebiobasic
Eppendorf, Germany) were determined in the subset
of 58 subjects. The University Ethics Committee,
approved the study protocol, and informed consent
was obtained from all the participants.

Study protocol

Anthropometric measurements were made according
to standard guidelines. Brachial blood pressure was
obtained in the supine position, after 10-min rest.
Brachial blood pressure was obtained by an oscillo-
metric method (M-5, Omron Healthcare Co., Ltd,
Kyoto, Japan).

Determination of the stiffness index by digital volume pulse
analysis (Slpyp)

The DVP waveforms were recorded in the morning,
after fasting for =8h, at rest with the use of a
photoplethysmograph (Pulse Trace 2000, MicroMe-
dical, UK). Ten consecutive cardiac cycles were
analyzed and then automatically averaged. The
stiffness index of the DVP (SIpyp) was obtained
from the subject’s body height (%) divided by the time
between the systolic and diastolic peaks of the DVP
(Figure 1). The Slpyp is an estimate of pulse wave
velocity (PWV) in large arteries and is regarded as a
measure of large artery stiffness [9—12]. The within-
subject coefficient of variation for estimation of SIpyp
was <5%.

AOPP assay. Determination of AOPP was
by spectrophotometric detection according to

Subject height
Slpyp= Sublect height
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Figure 1. The Slpyp is obtained from subject height divided
by the time between the systolic and diastolic peaks of the DVP.
The reflection index (RIpyp) is determined as the height of the peak
(a) component of the DVP expressed as a percentage of the systolic
peak (b).

Witko-Sarsat et al. [20] as modified by Kalousova
et al. [25]. Briefly, 200 pl of blood serum diluted 1:5
with 0.1mol/l, pH 7.4, phosphate-buffered saline
(PBS) was placed in a microtiter well, and 20 pl of
acetic acid (14 mol/l) and 10 pl of 1.16 mol/l potassium
iodide were added. Control wells contained PBS.
Chloramine-T solution (0—100 pmol/l) was used for
calibration. Absorbance was measured at 340nm
(spectrophotometer Multiscan LS, Labsystems) and
the AOPP concentration is expressed in chloramines-T
units (umol/l).

Body fat amount

We used a bio-impedance analyser (Bodystat 1500,
Bodystat Ltd, UK) to assess the fat content as a
proportion of total body mass. Bio-impedance analysis
was performed with a single frequency (50kHz)
device.

Statistical analysis

The results of continuous variables are expressed as
mean values £ SD. Pearson correlation coefficients
between the SIpyp and the other continuous variables
were calculated. The association of SIpyp with other
clinical variables was examined with the use of
multivariable regression. R? was calculated in order
to find how well each fitted model is useful in
predicting the dependent variables. Statistical analyses
were performed using StatSoft, Inc. (2005) STATI-
STICA (data analysis software system), version 7.1.
www.statsoft.com, significance was set at p < 0.05.

Results

Table I presents the characteristics of the partici-
pants (65 women, 29 men). We have also performed a
random evaluation of glucose level in 40 subjects
(88 £ 14mg/dl) and total cholesterol level in 58
subjects (195 = 32mg/dl). Neither glucose nor
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Table I.  Clinical characteristics of the study participants.
All subjects Men Women

Characteristic Mean SD Mean SD Mean SD P
Age (years) 47 15 51 16 46 15 NS
M/F 29/65
BMI (kg/m?) 25 4 26 4 24 3 <0.05
Fat (%) 30 9 34 9 28 8 <0.05
Systolic blood pressure (brachial), (mm Hg) 121 15 123 15 120 16 NS
Diastolic blood pressure (brachial), (mm Hg) 72 9 73 9 72 9 NS
Mean blood pressure (mm Hg) 89 10 90 10 88 10 NS
Stiffness index (SIpyp), (m/s) 8.5 2.0 8.4 2 8.5 2 NS
AOPP (pmol/l) 48 14 47 12 48 14 NS

M-male; F—female; BMI-body mass index; AOPP—-advanced oxidation protein products; p—significance of differences between men and

women; NS—non-significant difference.

cholesterol level correlated with Slpyp (data not
shown).

Relarionships of Slpyp with age, mean blood pressure,
relative body fat content and AOPP

In the univariate analysis SIpyp correlated signifi-
cantly with age (r= 0.60, p < 0.0001 Figure 2A),
mean blood pressure (r = 0.29, p = 0.004, Figure 2B),
relative body fat content (r= 0.44, p < 0.0001,
Figure 2C) and AOPP (r=0.22, p=0.03,
Figure 2D).
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Multiple regression analysis demonstrated that
SIpyp is independently correlated with age and
AOPP (Table II). This model explaines the 42%
variability in Slpyp.

Since menopause may contribute to increased
arterial stiffness we additionally evaluated a second
model of multiple regression. The evaluated popu-
lation consisted only of women and was subdivided
into those below age of 55 years (n = 45, mean age
38 £ 11 years) and above 55 years of age (n = 20,
mean age 63 *= 7 years). Multiple regression analysis
demonstrated that SIpyp is independently correlated
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Figure 2. (A) Correlation between age and stiffness index. (B) Correlation between mean blood pressure and stiffness index. (C) Correlation
between relative body fat amount and stiffness index. (D) Correlation between advanced oxidation protein products and stiffness index.
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Table II.  Standardized coefficients for a multiple linear regression
of SIpyp On age, sex, relative fat content, mean arterial pressure and
advanced oxidation protein products.

Standardized Significance

Variable coefficient level (p-value)
Constant 0.43

Age 0.46 p < 0.0001
Sex -0.15 0.09

Fat (%) 0.17 0.12

Mean pressure (mm Hg) 0.11 0.18

AOPP (pumol/l) 0.16 0.04

R?=142%, p < 0.0001, SIpyp-stiffness index; AOPP-advanced
oxidation protein products.

with age and AOPP irrespective of menopause status.
This model explaines the 44% variability in Slpyp
(Table IIT).

Discussion

The main finding of this study is that the AOPP, an
index of oxidative stress and inflammation, is
significantly associated with the Slpyp, i.e. a marker
of general arterial stiffness, in healthy people. The
relationship between AOPP and SI is independent of
age, mean blood pressure and body fat content. These
results further support the hypothesis that inflam-
mation and oxidative stress play an important role in
arterial stiffening.

Aging is associated with stiffening of arterial vessels
and premature arterial stiffness is regarded as an
important risk factor for cardiovascular diseases [8].
Arterial stiffening is a complex process that involves
both cellular and structural components of the arterial
wall. The changes in arterial wall composition and
function are age-dependent but are often accelerated
by pathological processes associated with diabetes,
hypertension, renal failure or obesity [2,5,26,27].
As the cardiovascular complications are associated
with inflammation it is likely that some inflammatory
mediators may play a role in arterial stiffening, at least
in the mentioned above conditions. Moreover, it was

Table ITI.  Standardized coefficients for a multiple linear regression
of SIpyp on age, relative fat content, mean arterial pressure,
advanced oxidation protein products and menopause status.

Standardized Significance

Variable coefficient level (p-value)
Constant 0.49

Age 0.38 0.04
Menopause 0.04 0.81

Fat (%) 0.19 0.11
Mean pressure (mm Hg) 0.09 0.39
AOPP (pmol/l) 0.29 0.005

R?=144%, p < 0.0001, Slpyp—stiffness index; AOPP—advanced
oxidation protein products.

recently demonstrated that even in apparently healthy
subjects C-reactive protein, a marker and mediator of
inflammation, is independently associated with PWV,
a measure of arterial stiffness [6]. This association
was significant, even after controlling for age and
mean arterial pressure, which are the major determi-
nants of PWV. Further support for the concept of
inflammation being involved in the process of arterial
stiffening comes from the study of Roman et al. [28]
which demonstrated that arterial stiffness is increased
in chronic inflammatory disorders independent of the
presence of atherosclerosis and is related to, among
other factors, C-reactive protein and IL-6 concen-
tration. AOPP are elective markers of oxidative stress
[20]. A study by Witko-Sarsat et al. [21], showed that
AOPP concentration in plasma was closely related to
neopterin, a selective monocyte activation marker.
Moreover AOPP levels are closely related to the basal
production of reactive oxygen species by circulating
neutrophils (PMN). AOPP are also capable, i vitro, of
stimulations an oxidative burst of monocyte and PMN
[29]. We have recently shown that the superoxide
anion production by activated PMN correlated with
the augmentation index, a surrogate measure of
arterial stiffness [30]. In our present study AOPP
were significantly correlated with Slpyp, indepen-
dently of age, sex, menopause and mean blood
pressure, major confounding factors of a measure
of arterial stiffness. SIpyp is closely related to PWV
[10] and only recently was demonstrated to be
independently associated with target organ damage
in untreated hypertension [31]. Therefore the
association of AOPP with Slpyp seems to suggest
that oxidative stress, inflammation and arterial
stiffness are, to some extent, related. Moreover,
Drueke et al. [32], recently showed that AOPP in
patients with end-stage renal disease are significantly
associated with common carotid artery intima-media
thickening and an increased carotid wall to lumen
ratio. Previous findings showing that AOPP concen-
tration may depend, at least partly, on phagocyte
activation suggest that a sustained cellular-associated,
inflammatory process may lead to oxidative stress-
mediated vascular remodeling [33].

In summary, the AOPP concentration is indepen-
dently correlated with arterial stiffness in healthy
subjects. It is tempting, therefore, to speculate that
oxidative stress may be involved in the process of
arterial stiffening. It is also impossible to exclude the
opposite option that arterial stiffening leading to
enhanced shear stress of arterial walls may enhanced
oxidative stress.

Acknowledgements

The authors are indebted to Prof. Geoffrey Shaw for
his editorial assistance.

RIGHTS LI MN Kiy



Advanced oxidation protein products and arterial stiffness

References

(1]

(2]

(3]

(4]

(5]

(6]

(7

(8]

[9]

[10]

[11]

(12]

[13]

Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/02/11
For personal use only

(14]

[15]

[16]

(17]

(18]

Lakatta EG, Levy D. Arterial and cardiac aging: Major
shareholders in cardiovascular disease enterprises: Part I:
Aging arteries: A “set up” for vascular disease. Circulation
2003;107:139—-146.

De Angelis L, Millasseau SC, Smith A, Viberti GC, Jones RH,
Ritter JM, Chowienczyk PJ. Sex differences in age-related
stiffening of the aorta in subjects with type 2 diabetes.
Hypertension 2004;44:67-71.

Stewart AD, Jiang B, Millasseau SC, Ritter JM, Chowienczyk
PJ. Acute reduction of blood pressure by nitroglycerin does not
normalize large artery stiffness in essential hypertension.
Hypertension 2006;48:404—410.

Whincup PH, Gilg JA, Donald AE, Katterhorn M, Oliver C,
Cook DG, Deanfield JE. Arterial distensibility in adolescents:
The influence of adiposity, the metabolic syndrome, and
classic risk factors. Circulation 2005;112:1789-1797.

Guerin AP, Blacher J, Pannier B, Marchais S], Safar ME,
London G. Impact of aortic stiffness attenuation on survival
of patients in end-stage renal failure. Circulation 2001;103:
987-992.

Yasmin, McEniery CM, Wallace S, Mackenzie IS, Cockcroft
JR, Wilkinson IB. C-reactive protein is associated with arterial
stiffness in apparently healthy individuals. Arterioscler
Thromb Vasc Biol 2004;24:969-974.

Boutouyrie P, Tropeano Al, Asmar R, Gautier I, Benetos A,
Lacolley P, Laurent S. Aortic stiffness is an independent
predictor of primary coronary events in hypertensive patients:
A longitudinal study. Hypertension 2002;39:10-15.

Meaume S, Benetos A, Henry OF, Rudnichi A, Safar ME.
Aortic pulse wave velocity predicts cardiovascular mortality in
subjects >70 years of age. Arterioscler Thromb Vasc Biol
2001;21:2046-2050.

Millasseau SC, Kelly RP, Ritter JM, Chowienczyk PJ.
Determination of age-related increases in large artery stiffness
by digital pulse contour analysis. Clin Sci 2002;103:371-377.
Millasseau SC, Kelly RP, Ritter JM, Chowienczyk PJ. The
vascular impact of aging and vasoactive drugs: Comparison
of two digital volume measurements. Am J Hypertens 2003;
16:467—-472.

Millasseau SC, Ritter JM, Takazawa K, Chowienczyk PJ.
Contour analysis of the photoplethysmographic pulse
measured at the finger. ] Hypertens 2006;24:1449—1456.
Kalra L, Rambaran C, Iveson E, Chowienczyk PJ, Hambleton
I, Ritter JM, Shah A, Wilks R, Forrester T. The role of
inheritance and environment in predisposition to vascular
disease in people of African descent. ] Am Coll Cardiol 2006;
47:1126-1133.

Harper ME, Bevilacqua L, Hagopian K, Weindruch R,
Ramsey JJ. Ageing, oxidative stress, and mitochondrial
uncoupling. Acta Physiol Scand 2004;182:321-331.

Baynes JW. Role of oxidative stress in development of
complications in diabetes. Diabetes 1991;40:405-412.
Landmesser U, Cai H, Dikalov S, McCann L, Hwang J, Jo H,
Holland S, Harrison D. Role of p47(phox) in vascular
oxidative stress and hypertension caused by angiotensin II.
Hypertension 2002;40:511-515.

Loeckie L, De Zwart LL, Meerman JHN, Commandeur JNM,
Vermeulen NPE. Biomarkers of free radical damage appli-
cations in experimental animals and in humans. Free Radic
Biol Med 1999;26:202-226.

Clapp BR, Hirschfield GM, Storry C, Gallimore JR, Stidwill P,
Singer M, Deanfield JE, MacAllister R], Pepys MB, Vallance
P, Hingorani AD. Inflammation and endothelial function:
Direct vascular effects of human C-reactive protein on nitric
oxide bioavailability. Circulation 2005;111:1530-1536.
Ridker PM, Rifai N, Pfeffer MA, Sacks FM, Moye LA,
Goldman S, Flaker GC, Braunwald E. Inflammation,

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

(29]

(30]

(31]

(32]

(33]

649

pravastatin, and the risk of coronary events after myocardial
infarction in patients with average cholesterol levels. Choles-
terol and recurrent events (CARE) investigators. Circulation
1998;98:839-844.

Ridker PM, Rifai N, Rose L, Buring JE, Cook NR.
Comparison of C-reactive protein and low-density lipoprotein
cholesterol levels in the prediction of first cardiovascular
events. N Engl ] Med 2002;347:1557-1565.

Witko-Sarsat V, Friedlander M, Capeillere-Blandin C,
Nguyen-Khoa T, Nguyen AT, Zingraff ], Jungers P,
Descamps-Latscha B. Advanced oxidation protein products
as novel marker of oxidative stress in uremia. Kidney Int
1996;49:1304—-1313.

Witko-Sarsat V, Friedlander M, Nguyen-Khoa T, Capeillere-
Blandin C, Nguyen AT, Canteloup P, Dayer JM,
Jungers P, Descamps-Latscha B. Advanced oxidation protein
products as native mediators of inflammation and monocyte
activation in chronic renal failure. J Immunol 1998;161:
2524-2532.

Kanada H, Taguchi J, Ogasawara K, Lizawa T, Ohno M.
Increased level of advanced oxidation protein products in
patients with coronary artery disease. Atherosclerosis 2002;
162:221-225.

Chiu-Braga YY, Hayashi SY, Schafranski M, Messias-Reason
IJT. Further evidence of inflammation in chronic rheumatic
valve disease (CRVD): High levels of advanced oxidation
protein products (AOPP) and high sensitive C-reactive protein
(hs-CRP). Int J Cardiol 2006;109:275-276.

Kalousova M, Krha J, Zima T. Advanced glycation end-
products and advanced oxidation protein products in patients
with diabetes mellitus. Physiol Res 2002;51:597-604.
Kalousova M, Zima T, Teras V, Skra J, Stipek S. Determina-
tion of advanced glycation end-products and advanced
oxidation protein products. Klin Biochem Metab 2002;10:
11-16.

Wildman RP, Mackey RH, Bostom A, Thompson T, Sutton-
Tyrrell K. Measures of obesity are associated with vascular
stiffness in young and older adults. Hypertension 2003;42:
468-473.

Liao D, Arnett DK, Tyroler HA, Riley WA, Chambless LE,
Szklo M, Heiss G. Arterial stiffness and the development
of hypertension. The ARIC study. Hypertension 1999;34:
201-206.

Roman M], Devereux RB, Schwartz JE, Lockshin MD,
Paget SA, Davis A, Crow MK, Sammaritano L, Levine DM,
Shankar BA, Moeller E, Salmon JE. Arterial stiffness
in chronic inflammatory diseases. Hypertension 2005;46:
194-199.

Descamps-Latscha B, Witko-Sarsat V. Importance of oxida-
tively modified proteins in chronic renal failure. Kidney Int
2001;59:S108-S113.

Wykretowicz A, Guzik P, Kasinowski R, Krauze T, Bartkowiak
G, Dziarmaga M, Wysoki H. Augmentation index, pulse
pressure amplification and superoxide anion production in
patients with coronary artery disease. Int J Cardiol 2005;99:
289-294.

Chen JY, Tsai WC, Lin CC, Huang YY, Hsu CH, Liu PY,
Chen JH. Stiffness index derived from digital volume pulse as
a marker of target organ damage in untreated hypertension.
Blood Press 2005;14:233-237.

Driieke T, Witko-Sarsat V, Massy Z, Descamps-Latscha B,
Guerin AP, Marchais S], Gausson V, London GM. Iron
therapy, advanced oxidation protein products, and carotid
artery intima-media thickness in end-stage renal disease.
Circulation 2002;106:2212-2217.

Descamps-Latscha B, Drueke T, Witko-Sarsat V. Dialysis-
induced oxidative stress: Biological aspects, clinical conse-
quences and therapy. Semin Dial 2001;14:193-199.

RIGHTS LI MN Kiy



