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ABSTRACT

INTRODUCTION  Formation of advanced glycation end-products (AGEs) is increased in diabetic patients.
Impaired renal function also elevates AGE accumulation. Pulse wave velocity (PWV) is a measure of
arterial stiffness and a prognostic parameter. An association between AGEs and arterial stiffness was
observed in hemodialyzed patients.

0BJECTIVES We investigated the relationship between plasma AGE concentration and arterial stiffness
in nondialyzed patients with diabetic nephropathy and those with chronic kidney disease (CKD) without
diabetes.

PATIENTS AND METHODS PWV measurement was performed in 24 patients with CKD and diabetic ne-
phropathy (DN), 36 patients with CKD and without diabetes, and 19 controls. To assess AGE concentra-
tions, plasma fluorescence spectra were recorded.

RESULTS Patients with and without diabetes did not differ with respect to the glomerular filtration rate
(33 =13 vs. 32 =14 ml/min/1.73 m?, respectively). The AGE concentration was significantly higher
in patients with DN compared with those without diabetes and controls (21.1 +£6.8 vs. 12.3 +3.1 vs.
7.8 £1.2 AU/ml, respectively; P <0.001). PWV was also significantly higher in patients with DN com-
pared with those without diabetes and controls (13.7 =4.3 vs. 10.1 =£2.4 vs. 8.4 =1.6 m/s, respectively;
P <0.05). A significant correlation was found between AGEs and PWV (r = 0.39, P <0.01) in patients
with CKD. In a multiple regression analysis, PWV was independently associated with age, DN, and
systolic blood pressure, but not with AGEs (B2 = 0.45).

concLusions  Accumulation of AGEs and arterial stiffness are increased in patients with CKD, particularly
in those with DN; however, the results are not sufficient to confirm the causal role of AGE accumulation in
arterial stiffening in CKD. AGEs should be considered as a potential therapeutic target in patients with CKD.

INTRODUCTION Chronic kidney disease
(CKD) is a worldwide health problem of in-
creasing incidence and prevalence, associat-
ed with high cost of therapy and poor progno-
sis." CKD involves an increased risk of cardio-
vascular morbidity and mortality.?® Patients

with CKD before renal replacement therapy,
those on dialysis, and those after kidney trans-
plantation demonstrate increased arterial stiff-
nessm,*® which is a prognostic factor of mor-
tality in hemodialyzed patients.’ Pulse wave ve-
locity (PWV) is a measure of arterial stiffness
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and a valuable prognostic parameter.'!" Carotid-

-femoral pulse wave velocity (cfPWV) is consid-
ered to be the gold standard for measuring ar-
terial stiffness."

Advanced glycation end-products (AGEs) con-
stitute a large group of heterogeneous molecules
formed by the nonenzymatic reactions of sug-
ar with free amino groups of proteins, peptides,
and nucleic acids.'”'"* Some AGEs such as pen-
tosidine and protein cross-links are fluorescent.
Several methods to measure AGE accumulation,
such as enzyme-linked immunosorbent assay
(ELISA), plasma or tissue fluorescence spectros-
copy, and skin autofluorescence, have been de-
veloped.”™ "7 A correlation was reported between
the total serum fluorescence and AGE level mea-
sured with ELISA.'® Formation of AGEs is in-
creased in diabetic patients,'®'® and AGE accu-
mulation is associated with diabetes-related com-
plications.' Impaired renal function also elevates
AGE levels."*?%2" AGEs increase vascular stiffness
by inducing collagen cross-linking in the vessel
wall.?? The association between AGEs and arteri-
al stiffness was found in healthy adults,?? in hy-
pertensive patients,?® and in hemodialyzed pa-
tients.?*?° The aim of the present study was to in-
vestigate the relationship between plasma AGE
concentrations and arterial stiffness in nondia-
lyzed patients with CKD with or without diabetes.

PATIENTS AND METHODS The study was de-
signed as a cross-sectional analysis in nondia-
lyzed patients with CKD, stages 3-5. The proto-
col of the study was accepted by the local ethics
committee, and informed consent was obtained
from each participant. A total of 60 patients with
CKD (24 with diabetic nephropathy and 36 with
nondiabetic CKD) were included in the study.
The control group consisted of 19 healthy indi-
viduals without kidney disease or diabetes and
with normal blood pressure. The diagnostic cri-
teria of diabetic nephropathy included protein-
uria (>0.5 g/24 h) and coexisting diabetic retinop-
athy. Among patients with diabetic nephropathy,
there were 11 patients (46%) with type 1 diabe-
tes and 13 (54%) with type 2 diabetes. The un-
derlying renal disease in nondiabetic patients
with CKD was glomerulonephritis in 16 patients
(44%), hypertensive nephropathy in 12 (33%), in-
terstitial nephritis in 4 (11%), and other or un-
known in 4 (11%). The exclusion criteria included
immunosuppressive therapy and overt infection.
Clinical assessment was performed in all sub-
jects. Systolic and diastolic blood pressures (SBP
and DBP, respectively) were measured in a sitting
position after 10-minute rest, and pulse pres-
sure (PP = SBP - DBP) was then calculated. Body
mass, height, and body mass index (BMI) were
measured. Fasting blood was collected for labo-
ratory analyses. Patient charts were investigated
to analyze antihypertensive and statin therapy.
Data regarding diabetes control (glycated hemo-
globin [HbA ], fasting glucose, and lipid profile)
were also obtained from patient medical records.

Pulse wave velocity cfPWV was measured us-
ing a Complior® device (Artech Medical, Pantin,
France). Two transducers (one positioned over
the carotid artery and the other over the femoral
artery) were used to measure the time delay be-
tween pulse waves. Time delay was measured on
10 successive beats, and then averaged. The dis-
tance between the carotid artery (suprasternal
notch) and femoral artery was measured exter-
nally. PWV was calculated according to the fol-
lowing formula: PWV = distance (m) / time de-
lay (s). PWV measurements were taken in dupli-
cate and averaged.

Laboratory measurements Laboratory measure-
ments were performed using an Abbott Archi-
tect ¢i8200 analyzer and Abbott Laboratories
commercial reagents (Abbott Laboratories, Ab-
bott Park, Illinois, United States). Additionally,
high-sensitive C-reactive protein (hsCRP) was
assessed using the BN" nephelometric method
(Dade Behring Inc, Deerfield, Illinois, United
States). The glomerular filtration rate was estimat-
ed (eGFR) using the abbreviated Modification of
Diet in Renal Disease formula (eGFR = 186 x [se-
rum creatinine/88.4] 1% x [age] 02%x [0.742 if
female] x[1.210 if African—-American]). To
assess the AGE concentration, plasma fluores-
cence spectra were recorded with Fluoroscan As-
cent FL Labsystems (excitation 355 nm / emis-
sion 460 nm). AGE measurements were taken
in duplicate, averaged, and expressed in arbitral
units (AU/ml). This method measures a combi-
nation of glycation and oxidation products such
as pentosidine, cross-links, and others. Total se-
rum fluorescence in humans is associated main-
ly with high-molecular-mass proteins, particular-
ly albumin.'® It was also shown in patients with
end-stage renal disease that 95% of serum pen-
tosidine was linked to high-molecular-mass pro-
tein, and only 1% is in a free form.?

Statistical analysis A statistical analysis was
performed using the Statistica 7.0 PL software
(StatSoft Inc., Tulsa, Oklahoma, United States).
Data were presented as mean + standard devia-
tion. Distribution of variables was analyzed us-
ing the Shapiro-Wilk test. The statistical analysis
was performed using the t test. If a variable was
not normally distributed, the Mann-Whitney test
was used. Qualitative data were compared with
the 2 test. Alinear correlation between variables
was analyzed. A multiple linear regression anal-
ysis with PWV as a dependent variable was also
preformed. A P value of less than 0.05 was con-
sidered statistically significant.

RESULTS Clinical characteristics of the study
groups are presented in TABLE 1. The study groups
did not differ with respect to age and sex. SBP
was significantly higher in nondiabetic and dia-
betic patients compared with controls. Nondia-
betic and diabetic patients did not differ with re-
spect to the serum creatinine concentration and
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TABLE 1

Clinical and laboratory characteristics of the study groups

Controls (n = 19)

Nondiabetic CKD (n = 36)

Diabetic CKD (n = 24)

age, y 46 +13 51 +15 53 =14
male sex 11 (58) 21 (58) 14 (58)
SBP, mmHg 125 £10 137 £212 148 +24b
DBP, mmHg 79 £6 84 =10° 80 =10

PP mmHg 46 6 54 =152 69 =190
BMI, kg/m? 24.4 x29 26.1 £4.9 26.9 +4.4¢
creatinine, umol/l 95.5 +12.4 203.3 £74.20 212.2 £88.2°
eGFR, ml/min/1.73 m? 81 £15 33 +130 32 +140
hsCRP, mg/I 1.1 +1.2 4.2 £6.6° 3379
AGEs, AU/ml 78 =12 12.3 3.1 21.1 +6.8%¢
PWV, m/s 8.4 =16 10.1 2.4 13.7 4.3
fasting glucose, mmol/l 5.1 =0.6 5.1 0.6 7.4 £2.5b4
HbA, , % - - 7.5 0.7
total cholesterol, mmol/I 47 =09 5.9 +1.5° 5.1 £0.9°
LDL cholesterol, mmol/l 2.8 =09 3.9 £1.4 3.1 £1.0°
HDL cholesterol, mmol/l 1.4 =04 1.3 04 1.4 £0.3
triglycerides, mmol/l 15 +1.2 23 £1.1° 1.5 +0.5¢
number of antihypertensive drugs - 3=+1 4 +1°
patients treated with ACEIl or ARB - 217 (75) 21 (88)
patients treated with statin - 13 (36) 14 (58)

Data are presented as mean =+ standard deviation or number (percentage).

a P <0.05 vs. controls,

b P <0.001 vs. controls, c

P <0.05 vs. nondiabetic,

d P <0.001 vs. nondiabetic

Abbreviations: ACEI — angiotensin converting enzyme inhibitor, AGEs — advanced glycation end-products, ARB — angiotensin receptor blocker, BMI —
body mass index, CKD — chronic kidney disease, DBP — diastolic blood pressure, eGFR — estimated glomerular filtration rate, HDL — high-density
lipoprotein, hsCRP — high-sensitive C-reactive protein, LDL — low-density lipoprotein, PP — pulse pressure, PWV — pulse wave velocity, SBP — systolic

blood pressure

PWV (m/s)
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FIGURE Correlation
between plasma levels of
advanced glycation
end-products (AGEs) and
pulse wave velocity
(PWV) in patients with
chronic kidney disease
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eGFR. The number of antihypertensive drugs was
higher in diabetic than in nondiabetic patients.
A significant correlation was observed between
AGEs and PWV in the whole study population
(r =0.49, P <0.001, n=79) as well as in CKD pa-
tients (r = 0.39, P <0.01, n = 60) (Ficure). In CKD
patients, a significant correlation was also found
between PWV and age (r = 0.41, P = 0.001), SBP
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(r=0.49, P <0.001), and PP (r = 0.63, P <0.001).
In this group, the AGE concentration was signifi-
cantly and positively correlated with PP (r = 0.28,
P <0.05) and negatively with eGFR (r = -0.43,
P <0.01). We did not observe any correlations
between hsCRP and PWV (r = 0.06, nonsignif-
icant [NS]) or hsCRP and AGEs (r = -0.15, NS).
A model of a multiple linear regression analysis
with PWV as a dependent variable and age, SBP,
diabetic nephropathy, and AGEs as independent
variables was designed. As SBP was interrelated
with PP (r = 0.91, P <0.001), only SBP was includ-
ed in the model. The results of the multiple re-
gression analysis are shown in TABLE 2.

In the CKD group without diabetes, we ob-
served a significant positive correlation between
PWV and age (r = 0.57, P <0.001), BMI (r = 0.34,
P <0.05), PP (r = 0.52, P <0.01), number of anti-
hypertensive medications (r = 0.46, P <0.01), and
hsCRP levels (r = 0.39, P <0.05). The AGE con-
centration was negatively correlated with eGFR
(r=-0.53, P <0.01). In the CKD group with diabe-
tes, we observed a negative correlation between
AGEs and eGFR (r = -0.58, P <0.01) and a sig-
nificant positive correlation between PWV and
SBP (r=0.53, P <0.01) and PP (r = 0.58, P <0.01).

The comparison between CKD patients with
type 1 and type 2 diabetes was also performed
and the results are presented in TABLE 3. PWV and
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TABLE 2 Results of a multiple linear regression analysis with pulse wave velocity as a dependent variable in patients with chronic kidney disease

B B standard error P value
age 0.28 0.1 0.01
diabetic nephropathy (1 vs. 0) 0.29 0.14 0.04
SBP 0.30 0.1 0.01
AGEs 0.14 0.13 0.30

R = 0.67, R* = 0.45, adjusted R = 0.41, F = 11.4, P <0.0001

Abbreviations: see TABLE 1

TABLE 3 Comparison of type 1 and type 2 diabetic patients with chronic kidney disease

Type 1 diabetes Type 2 diabetes P value
CKD (n = 11) CKD (n = 13)

age, y 41 =8 64 =8 <0.001
duration of diabetes, y 25 +9 17 =8 <0.05
male sex 6 (58) 8 (62) NS
SBP. mmHg 135 =22 159 =22 <0.02
DBP. mmHg 79 =8 80 =11 NS
PP, mmHg 56 =17 80 =11 <0.01
BMI, kg/m? 23824 29539 <0.001
creatinine, umol/| 218.3 £97.2 206.9 +70.7 NS
eGFR, ml/min/1.73 m? 3518 30 =11 NS
hsCRP, mg/I 50114 1.8 +1.2 NS
AGEs, AU/ml 20.2 +6.9 21.8 +6.9 NS
PWV, m/s 12.4 £4.2 14.8 +4.3 NS
fasting glucose, mmol/l 8.0+29 6.9 +2.2 NS
HbA, , % 7.8 0.7 7.4 0.7 NS
total cholesterol, mmol/I 55=1.0 48 =0.7 NS
LDL cholesterol, mmol/l 33=x12 29 +0.8 NS
HDL cholesterol, mmol/I 1.4 £0.5 1.3 +0.2 NS
triglycerides, mmol/l 1.7 0.7 1.4 =03 NS
number of antihypertensive drugs 4 +1 4 +1 NS
patients treated with ACEl or ARB 10 (91) 11 (85) NS
patients treated with statin 8 (73) 6 (46) NS

Data are presented as mean =+ standard deviation or number (percentage).

Abbreviations: NS — nonsignificant, others — see TABLE 1
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AGE concentrations did not differ significantly be-
tween CKD patients with type 1 and type 2 dia-
betes, despite significant differences in age, BMI,
SBP, and PP. In diabetic patients, there was no
correlation between diabetes duration and AGE
levels (r = 0.22, NS) or between diabetes dura-
tion and PWV (r = 0.18, NS). There was no corre-
lation between the AGE concentration and HbA,
(r=-0.19, NS).

DISCUSSION  Predialysis patients with CKD are
characterized by elevated arterial stiffness with
a stepwise increase in PWV with progression of
CKD.>7 Several factors associated with increased
arterial stiffness, such as age, male sex, hyper-
tension, diabetes, and waist circumference, were
identified in this population.5”?” In the study by
Wang et al.,” blood pressure and eGFR, but not
diabetes, were independently associated with

arterial stiffening in CKD.” On the other hand, Ki-
moto et al.?” revealed that PWV was elevated in
patients with type 2 diabetes without CKD when
compared with controls, and it further increased
with the advanced stages of diabetic CKD.?” An in-
crease in PWV was greater in the central elastic ar-
teries than in limb arterial segments.?’ In an ear-
lier study, it was shown that the serum AGE con-
centration and tissue AGE content are elevated in
patients with diabetes, and they are particular-
ly high in diabetic patients with end-stage renal
disease.?”’ There have been no studies investigat-
ing the relationship between AGEs and arterial
stiffness in nondialyzed CKD patients.

The main finding of our study is that the AGE
level is elevated in CKD patients, particularly in
those with diabetic nephropathy. c(fPWV is also
elevated in these patients, with significantly high-
er values in patients with diabetic nephropathy.
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A significant positive correlation was also found

between AGE concentrations and PWV, but lost its

significance in a multiple linear regression anal-
ysis. The association between AGEs and arterial

structure and function was found in several previ-
ous studies. Semba et al.? revealed an association

between an AGE, namely, serum carboxymethyl-
lysine, and PWV in relatively healthy community-
-dwelling adults.?? In another study,?® in subjects

with normal glucose and serum creatinine lev-
els, an association between carboxymethyllysine

and an increased carotid artery diameter, but not
with PWV, was observed. In hypertensive patients,
both AGE levels and PWV were significantly high-
er than in the normotensive control group.?® In

this study, the plasma AGE concentration was in-
dependently associated with PWV.

Januszewski et al.?® investigated the relation-
ship between ocular and skin autofluorescence (a
measure of tissue AGE accumulation) and arterial
function in type 1 diabetic patients. In their study,
lens, corneal, and skin autofluorescence were in-
creased, and small artery elasticity was reduced in
type 1 diabetic compared with nondiabetic sub-
jects. Small and large artery elasticity was inverse-
ly correlated with lens, corneal, and skin autoflu-
orescence. A significant positive correlation be-
tween tissue AGEs and C-reactive protein (CRP)
was also found in this population.?® Moreover,
a significant positive correlation between serum
pentosidine (a well-defined AGE) and both PWV
and carotid artery intima-media thickness was
found in patients with type 2 diabetes.3

The association between AGEs and arteri-
al stiffness was confirmed in hemodialyzed pa-
tients.?*?% Zhou et al.”® revealed that serum pen-
tosidine was independently associated with re-
duced arterial distensibility. The comparison of
diabetic and nondiabetic patients on hemodialy-
sis showed no significant difference in serum pen-
tosidine levels, but distensibility coefficient was
significantly lower in diabetic patients.?’ In an-
other study,? in Japanese patients with end-stage
renal disease, a relationship between skin auto-
fluorescence and PWV was found.?* It should be
emphasized that skin autofluorescence was iden-
tified as a prognostic factor of cardiac mortality
in diabetic patients.3' Moreover, it has been re-
cently shown that AGE accumulation in hemo-
dialyzed patients is associated with an increased
risk of cardiovascular events and mortality.3>34

Numerous clinical and experimental stud-
ies confirmed a pathophysiological link be-
tween AGEs and cardiovascular complica-
tions.'*'*3% AGEs constitute a large group of
heterogeneous molecules formed by the non-
enzymatic reactions of sugar with free amino
groups of proteins, peptides, and nucleic ac-
ids."3143% The formation of AGEs is increased in
the blood and tissues of diabetic subjects as a re-
sult of hyperglycemia.'® AGEs can also be formed
independently of hyperglycemia, as a result of
increased oxidative stress.'®% Another source
of AGEs is diet, particularly Western diet, where
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foods are processed in high temperature.'? In
patients with CKD, AGEs accumulate as a con-
sequence of decreased excretion and increased
production, resulting from oxidative and car-
bonyl stress.” It is suggested that AGE levels
could represent accumulated oxidative stress
during the progression of CKD.* AGE accumu-
lation positively correlates with the duration of
CKD?' and negatively with glomerular filtration
rate ." In our study, a significant negative corre-
lation between AGEs and eGFR in CKD patients
was also observed.

AGEs can cause tissue damage by protein
cross-linking. Glycation of long-lived extracellular
matrix proteins such as collagen and elastin leads
to cross-linking of protein fibers. AGE-linked ex-
tracellular matrix is stiffer and less susceptible
to enzymatic turnover."'*% Thus, accumulation
of AGEs is considered a pathogenic factor of in-
creased arterial stiffness. It was also shown that
AGEs upregulate CRP synthesis by human he-
patocytes through stimulation of monocyte in-
terleukin 6 and interleukin 1B production.’’ In
hemodialyzed patients, the tissue level of AGEs
was an independent determinant of the hsCRP
level .3 In our study, there was no relationship
between plasma AGE levels and hsCRP. Howev-
er, a significant correlation between hsCRP and
PWV in nondiabetic CKD patients, but not in
nondiabetic CKD patients, might suggest that
the pathophysiology of arterial stiffening differs
between these two patient groups.

Diabetic patients with CKD are characterized
by higher prevalence and incidence of cardiovas-
cular events compared with nondiabetic patients
with CKD.* Cardiovascular complications of di-
abetes are considered to be multifactorial with
growing evidence of the important pathophys-
iological role of advanced glycation.'>'®'® Accu-
mulation of AGEs was observed in diabetic pa-
tients with normal kidney function and in dia-
betic patients with CKD.?® Skin autofluorescence
was higher in diabetic than in nondiabetic pa-
tients on hemodialysis, and a similar relation-
ship was found in patients on peritoneal dial-
ysis.?' The measurement of AGE accumulation
is also considered to be a useful method for as-
sessing metabolic control over a longer period of
time than that reflected by HbA, levels.'>*0 Sev-
eral studies revealed a significant positive corre-
lation between AGEs and HbA, ,">4? but other did
not report such a relationship.*' The lack of cor-
relation between AGEs and HbA, _in our study
may arise from the fact that HbA,_was not as-
sessed from the same blood sample but taken
from patient medical records.

AGE:s are considered a novel marker of unfa-
vorable prognosis in diabetes. In patients with
type 1 diabetes, higher baseline plasma AGE lev-
els were associated with incident cardiovascu-
lar events as well as all-cause mortality during
12-year follow-up, independently of traditional
cardiovascular risk factors.*? What is more, PP
is an independent predictor of cardiovascular

Advanced glycation end-products and arterial stiffness... 613
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complications in type 1 diabetic patients.*? This
phenomenon might be at least partly explained
by the effect of AGE accumulation on arterial
stiffness.** It was shown in patients with type
1 diabetes that age-related changes in PP, which
reflects arterial stiffening, occur 15 to 20 years
earlier than in healthy subjects.*® In our study,
PWV values were significantly higher in diabetic
subjects, with no significant difference between
type 1 and type 2 diabetes, even though type 2 di-
abetic patients were much older than type 1 dia-
betic patients. It is in agreement with the earli-
er findings of early age-related rise in PP in sub-
jects with diabetic nephropathy, which was con-
sidered to be an index of accelerated arterial aging
in type 1 diabetic patients.* It should also be not-
ed that in type 1 diabetic patients with end-stage
renal disease, increased arterial stiffness was not
reversed even by simultaneous kidney-pancreas
transplantation.*® Thus, alterations in the arteri-
al wall resulting from long-lasting glucotoxicity
and CKD may be irreversible.

Our study has several limitations related main-
ly to a small number of subjects. The causal re-
lationship between the AGE concentration and
arterial stiffness cannot be established owing to
the cross-sectional design of the study. Another
limitation is related to the fact that serum AGE
concentrations may not correspond to tissue AGE
accumulation.” The lack of the relationship be-
tween AGEs and PWYV in the multiple regression
analysis in our study did not exclude the patho-
genic effect of AGE accumulation on arterial stiff-
ening, but may suggest that this effect was small.
An adjusted R? of 0.41 in our multiple regression
model suggests that other variables that were not
included in our analysis, such as smoking status or
autonomic neuropathy, account for arterial stiff-
ening in CKD patients before dialysis.

In conclusion, AGE accumulation and arterial
stiffness are increased in CKD, particularly in pa-
tients with diabetic nephropathy; however, the re-
sults are not sufficient to confirm the causal role
of AGE accumulation in arterial stiffening. AGEs
should be considered as a potential therapeutic
target in patients with CKD.
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STRESZCZENIE

WPROWADZENIE Powstawanie produktéw zaawansowanej glikacji (advanced glycation end-products —
AGEs) jest zwiekszone u pacjentéw z cukrzyca. Upo$ledzona czynno$¢ nerek réwniez zwigksza kumulacje
AGEs. Predkosc¢ fali tetna (pulse wave velocity — PWV) jest miernikiem sztywno$ci tetnic oraz wskaznikiem
rokowniczym. Zwigzek migedzy AGEs i sztywno$cig tetnic wykazano u pacjentéw hemodializowanych.
CELE  Oceniano zwigzek migdzy osoczowym stezeniem AGEs i sztywnoscig tetnic u niedializowanych
pacjentéw z nefropatig cukrzycowa oraz pacjentoéw z przewlekig choroba nerek (chronic kidney disease —
CKD) bez cukrzycy.

PACJENCI | METODY Pomiar PWV przeprowadzono u 24 pacjentéw z nefropatig cukrzycows (diabetic
nephropathy —DN) 36 pacjentéw z CKD bez cukrzycy oraz 19 oséb zdrowych. Aby oceni¢ stezenie AGEs
mierzono widma fluorescencji osocza.

WYNIKI  Pacjenci z DN i CKD bez cukrzycy nie réznili sig wielko$cig filtracji kigbuszkowej (33 £13 vs
32 +14 ml/min/1,73 m2). Stezenie AGE byto wieksze u pacjentéw z DN niz u pacjentéw bez cukrzycy i w gru-
pie kontrolnej (21,1 +6,8vs 12,3 £3,1vs 7,8 =1,2 AU/ml; p <0,001). PWV byto réwniez wieksze w grupie z
DN w poréwnaniu z grupa bez cukrzycy i grupa kontrolng (13,7 =4,3vs 10,1 +2,4vs 8,4 =1,6 m/s; p <0,05).
U pacjentéw z CKD wykazano znamienng dodatnig korelacje migdzy stezeniem AGEs i PWV (r = 0,39;
p <0,01). W analizie regresji wielokrotnej PWV byto niezaleznie zwiazane z wiekiem, nefropatia cukrzy-
cowaq oraz ci§nieniem tetniczym skurczowym, ale nie z AGEs (R? = 0,45).

wnioskl  Akumulacja AGEs i sztywno$¢ tetnic sa zwigkszone u pacjentéw z CKD, a zwtaszcza u pacjen-
téw z DN, jednak wyniki badania nie pozwalaja na potwierdzenie przyczynowe;j roli AGEs w zwigkszeniu
sztywno$ci tetnic w CKD. AGEs powinny by¢ brane pod uwage jako potencjalny cel terapeutyczny
u pacjentéw z CKD.
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