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C-REAKTIVNI PROTEIN KAO NEZAVISNI FAKTOR RIZIKA ZA KAROTIDNU
ATEROSKLEROZU KOD BOLESNIKA NA HEMODIJALIZI

C-REACTIVE PROTEIN AS AN INDEPENDENT RISK FACTOR FOR CAROTID
ATHEROSCLEROSIS IN HEMODIALYSIS PATIENTS

Biserka TIRMENSTAJN-JANKOVIC' | Nada DIMKOVIC?

Sazetak - C-reaktivnd prolein j¢ poznati faktor rizika za kardiovaskulame bolesti. ali povezanost Lereakniviog proteina sa ranem fa-
zom ateroskleroze je slabile proueena. Cilj nateg rada je hio spitivanie povezanosti C-reaktivrog proteina sa indikatorima
supklinicke ateroskleroze u karctidnim arter)jama bolesnika na hemodijaliz. & meode chosonagrafijom utvedene su smnéaino vise
viednosty vitrazvudnih markera rane wlefoskleroze: povriine preseka intme-medije 1 lumen-dijametra. mada ne i debline intime-
medije kod bolesnika na hemodijalizi u odnosu na kontrelnue srupy Inflamacija (CRP= 140 meg/l) bika ¢ prisutna kod 53-1‘*:.: bolesnika
na hemodijalia i bila je udrozena sa vidim vrednostima svib ultrazvuénih markera ateroskleroze. kao | sa vecom ugestaloséu Klinicki
manifestne ateroshlerotidne vaskularne bolesti. Na vrednost PPIM najjadi uticaj je ispoljio niva Cereaktivitog proteina (r = 0,619, p=

0,000). zatim starost (R = 0,704, p = 0.005) i pusenje (R = 0,742,

p = ILO39) Rezultat naseg istraZzivanja podriavaju Koncept o

Kijucno] ulogi mflamacije u razvoju ateroskieroze kod bolesntka na hemodijalizi. . ) ~ _
Kljuéne redi: C-reaklivil protem + analiza: Bolesti karotidnil arterija; Zajednidka karotidna arterija + Wtresonogratlija: Hroniéna

bubreZna insuticijencija + Komplikacije, Dijaliza

Summary - C-reactive protein is a knowi vish fuctor for cordiovaseuian diseases, But the asvociatin af CRE with the early plase of
diherasclerosis has been 1nsnfficientiv investisared The aim of the frresenl stud wax to (nvestigare the relattonship benveer CRP
wid indicators of subelmieal athieroselerosiz in hemodialviis paitents. Intima-media thickness, Tamen-diameter mnd vross-seetional
intima-media avea (CSIM area) of the common caronid artery were established nsing B-mode wlivasound imaging in 43 HD patients
and 2| age- and gender-matched healthy controls, CSIM area and LD were sagnificantly fugher in 11D patients compared with con-

iral subjects Inflammation (CRP =10 med) was present i 38.1%
vanagraphic markers of atherosclerosis, ar well as lugher preval

of 11D pasienty and was associated with figher values of all wltrae
ehce of atharosclerotic vasenlor diseases Higher CSIM urea was

cassociated with vlevated CRE level (r=0619, p-000), advanced age (R 07, p=0 (03 and smaking fabits (R=00742,
pof G389 Results of our investigation suppore the cancept on key rode of inflammation i the divelopment of athernseleresis in 1

pariciy
Key wards: C-Reactive Proin -
{ hronc
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Kardiovaskulame bolesti (KVB) su glavni uzrok
morbiditeta | mortaliteta bolesnika u terminalng
fazi hronidne bubreine insuficijencije (HBIY. Go-
disnja stopa mortaliteta usled KVB iznosi 9%, sto =
10-20 puta vise nego u opstoj populaciji nakon pri-
lagodavanja za starost, pol, rasu | diabetes mellitus
[1]. Visoka incidencija smrti od infarkta miokarda
kod bolesnika srednje zivotne dobi na hroniénoy
hemodijalizi (HD) zapaZena je jo§ ranih sedamde-
setii godina i objainjena je hipotezom o "akcele-
rantno] aterosklerozi” koja je 1 danas podjednako
aktuelna [2],

Razlozi za brzu klini¢ku progresiju ateroskleroze
u HBI su verovatno mnogobrojni. Klasiéni faktori
nzika kao Sto su starija Zivotna dob. hipertenzija,
dislipidemija, diabetes mellius, fizicka neaklivnost
| pusenje nisu mogli radavoljavajuce objasniti vi-
soku prevalenciju koronarne  bolesti u HBI [3].
Kasnija istrazivanja su istakla doprinos imflamacije i
oksidativnog stresa endotelnoj disfunketji i atero-
zenezi [4]. Prema misljenju Stenvinkela i saradnika,
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attadlysis: Carotid Artery Diseases: Carofid Avterv, Comnron - witrasanography, Kidrey Failive

Introduction

Cardiovascular disease (CVD) remains the main
cause of morbidity and mortality in patients with
end-stage renal disease (ESRD). The annual mortal-
ity rate due to CVD is 9%, which is 10- to 20-{old
higher than in the general population, when adjusted
for age. gender, race and diabetes mellitus [1]’ High
incidence of deaths from myocardial infarction in
middle-aged patients on regular hemodialysis (HD)
was observed in early 70s and was explained by a
hypothesis of "accelerated atherosclerosis” which is
actual today [2].

The causes of atherosclerotic CVD in ESRD pa-
tients are probably multifactorial. Classsic risk fac-
tors such as old age, hypertension. dyslipidemia,
diabetes mellitus. physical inactivity and smoking
are prevalent in many patients with ESRD, but stud-
les have shown that excess CVD is not explained
adequately by traditional risk factors [3]. Thus, it
has been postulated that non-traditional risk factors.
such as inflammation and oxidative stress. may be
important  for the development of endotheljal
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SEracenice

KVH - kardiovaskularna balest

18] - Hronstna bubredni insulicijencija
1L = Hemodijalizzs

CRP « C-reaktivig protein

SO - Subjektivm globding proceny

| 3 M - Debijina intimesmedije

Li3 - Lumen-dijametar

PPIM - Poveling preschka intime-medije

ubrzana aterogeneza Kod bolesnika sa HBI se po-
javlhuje usled sinergizma razlicitih mehamizama koji
obuhvataju malnutriciju. inflamaciju, oksidativni
stres 1 genetske komponente [3]. Uprkos brojnim ra-
dovima kol se bave ispitivanjem povezanosti infla-
macije 1 KV, jos uvek nije u potpunosti razja-
snjeno da i je inflamacya samo epilenomen ili su
razliciti reaktanti akuine faze neposredno uklju-
ceni u zapoéinjanje 1/ili dalji razvo) ateroskleroze.

Tokom protekle decenije. nekoliko velikih epide-
miolodkih studna je dentifikovalo CRP kao snazan
1 nezavistan faktor rizika za bududi infarkt mioka-
rda, mozdani udar i perifernu arterijsku bolest kod
prividno zdravih osoba |6]. U populaciji bolesnika
sa stabilnom 1li npestabilpom  anginom.,  serumsky
mvo CRP je pozitivio povezan sa akutnm infark-
tom mokarda ili jznenadnom sréanom smréu |7
Poslednjih godina je dokazano da povecani nivo
CRP predstavlja snazan faktor rizika za ukupni |
kardiovaskularni mortalitet bolesnika na dijalizi | 8],
Medutim, povezanost izmedu CRP | supklini¢ke
ateroskleroze je slabije proudena.

Ciljevi ovog istrazivanja bili su: a) ultrazvuino
odredivanje ramh markera ateroskleroze u zidu ka-
rotidnih arterija kod bolesnika na I o odnosu na
kontrolnu grupu; b) ispitivanje faktora povezanih sa
prisustvom inflamacije kod bolesnika na HD | ¢)
Ispitivanje  povezanosti povriine preseka intime-
medije kao markera supklinicke ateroskleroze sa se-
rumskom koncentracijom CRP kao markerom infla-
macije 1 ostalim faktorima rizika za brzu progresiju
ateroskleroze. |

Materijal i metode

L studiju su ukljudena 43 bolesnika sa terminal-
nom bubreznom msuficijencijom, koja se nalaze na
hrenicnom programu leéenja hemodijalizom u Cen-
tru za hemodijahizu Zdravsivenog centra "Zajecar" u
Zajecaru, najmanje 6 meseci. Bolesnici (27 mugka-
raca | 16 Zzena). proseéne starosti 37.8=12 godina, a
prethodno su leCeni hemodijalizom od 6 do 243 me-
secd, Indeks telesne mase (Body mass index - BMI).
definisan kao koliénik telesne tezine izrazene u kilo-
gramima i kvadrata telesne visine izrazene u met-
rima. mosio je 24, [+4.5 ke/m*. L vreme ispitivanja
bolesnici nisu imali klinicke znake interkurentnih
miekeija. Kao asnovni uzroci terminalne bubreine
msuficijencije navedeni su: hipertenzija kod || bo-
lesnika (26%). hroniént pijelonefritis kod 9 bolesni-
ka  (21%), hroniéni  glomerulonefritis kod 7
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Vhbreviations

(R - Cardlovascular disease

ESRD - End-stage renul disease

1 « Hemadialvsss

Ll = C-Feactive protein

SO - Subjective Olobal Assessment
1M - Intima-media thickiess

1.1 - Lumen-diameter

CSTvin - Cross-vectional muma-media arcs

dvstunction and possibly atherogenesis [4]. Accord-
ing 1o Stenvinkel at al. accelerated atherogenesis in
ESRID patients occurs due o svnergism of varfous
mechanisms including malnuirinen, inflammation,
oxidative stress and genetic components [3]. Al-
though the association between CVD and inlTamma-
tion in the dialvsis patient population is well
documented, it has not been fully clarified if the
acute-phase response merely reflects an epiphe-
nomenon accompanving established atheroscierotic
disease or whether differen! acute-phase reactants
themselves are involved in the initiation and/ar pro-
aression of atherosclerosis.

During the last decade. several large epidemiol-
ogical studies identified CRP az a strong and inde-
pendent risk factor for future myocardial infarction.
stroke and peripheral arterial disease in apparently
healthy persons [6]. In population of patients witlt a
stable or unstable angmna, serum level of CRP is
positively related with acute mvocardial infarction
or sudden cardlac death [7]. In recent vears, higher
level of CRP has been confirmed o represent a
strong risk Tactor for overall and cardiovaseular
mortality in patients on dialysis |8]. Bul, the rela-
tionship between CRP and subclinical atherosclero-
s15 15 not well established.

The objectives of this investigation were: a) ul-
trasonographic identitication of early markers of ca-
rotid atherosclerosis in HD patients compared with
control subjects: b) examination of risk factors asso-
ciated with inflammation in HD patients and ¢)
evaluation of the relationship between CSIM area.
as an ultrasonographic marker of subclinical athero-
sclerosts, and serum concentrations of CRP as an in-
Hammatory marker and other risk factors for
rapid progression of atherosclerosis.

Material and methods

The study meluded 43 patients with ESRD on
regular HD treatment in the Hemodialysis Centre of
the Zajecar Health Centre, for at least 6 months. Pa-
tents (27 men and 16 women) were of average
age 57.8 + 12 years, and they were previously
treated with HD from 6 to 243 menths. Their body
mass index (BMI), defined as the weight in kilo:
grams divided by square of height in meters, was
241 4.3 ky/m”
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bolesmika (16%). nelrohtyaza kod 3 bolesnika
(12%), dijabetesna nefropatja kod 4 bolesnika
(9%), palicistiéna bolest bubrega kod 3 bolesnika
(7%) | nepoznati uzrok kod 4 bolesnika (9%)
Trinaest bolesnika (30,2%) su imala u anamnezi po-
datke o aterosklerotiéno) vaskularnoy bolestr: cere-
hrovaskularno) bolesti (2 bolesnika). anging pectoris
(7 bedesnika), infarktu miokarda (2 bolesnika) 1 pe-
riferna) arterijskoj bolesti (4 bolesnika). Vise od po-
lovine holesmika (65%) je uzimalo antiliipertenzivne
lekove (P-blokatore. inhibitore konvertaze angio-
tenzima. biokatore kaleijjumskih kanala, diuretike)
Nijedan holesnik nije koristio inhibitore HMG-CoA
reduktaze. Pusaca je bilo 135 (34.9%), Dighetes tie-
Hitws e bio prisutan kod 6 ispitamika (13.9%). od
kajib e 5 primalo msalin,

Kontrolna grupa je obubvatila 21 zdravu osoby |
bila je srodpa po godinama starostt + po polu sa
spitivanom grupom. Osim chosonografskog pre-
cleda, kontrolno) srupt su uradene | osnovne skri-
piirge analize radi skljucivanja pre svega bubreinih,
ali i drugih oboljenja koja hi uticala na rezullate
Istrazivanja.

AFa definisanje nuiritivnog statusa bolesnika na
HD. upotrebili smo modilikovani postupak subjek-
tivne globalne procene (SGP) koji L[kﬁu{:ujlﬂ est
subjektiviih parametara. Tri se zasnivaju na ana-
mnezi gubitka telesne teZine, smanjenog unosa
hrane 1 povracanja, a tri na subjektivnom rangiranju
propadanja misica. prisusiva edema 1 gubitka pot-
Koznog masnog tkiva. Na osnovi ocene pojedinih
parametara, svakom bolesniku je dodeljen ukapni
SGP skor Ko odrazava njegov nutritivan status na
sledeci nacin: 1=normalan nutritivii status, 2=hlaga
malnutricha, 3=umerena malnuiricija i 4=teska mal-
Iutricija llJ}] -

krv za laboratorijske analize bolesnicima na HD
le uzeta pre druge dijalize u nedelji i odmah do-
stavljena laboratoriji. Odredivanje hemoglobina. al-

bumina, librmogena. urec. kreatinina, ukupnog ho-

lesterola i triglicerida je izvrseno standardmim Tabo-
ratoripskim metodama. TIDL holesteral je odreden
enzimatskom procedurom posle precipitacije sa fos-
tovolframovom Kiselinom | magnezijum hloridom.
dok je LDL helesterol izracunat po Fridewaldovoj
formuh. Koncentracija CRP je odredena reakeijom
aglutinacije fufex partikula oblozenih antitelima na
human CRP,

Ultrasonografski pregled karotidnih arterija je
uraden real-tinre sonografijom visoke rezolucije sa
linearnom sondom od 7.5 MHz na aparatu SIE-
MENS SONOLINE Siemna. Debljina intime-medije
(DIM) | lumen-dijametar (L1) izmereni su na longi-
tudmalnom prescku desne | leve a carvtis conmmu-
wig, 0,5 do | em proksimalno od pocetka karotidnog
bulbusa. DIM je definisana kao rastojanje izmedu
glavne ivice Koje odgovara spoju lumen-intima |
glavne ivice koja odgovara spojuy medija-adventi-
cija. LD je definisan Rao rastojanje izmedu glavne
ivice koja odgovara spoju intima-lumen prednjeg
zida 1 glavne ivice koja odgovara spoju lumen-

During the study patients had no climical signs of
overl intercurrent infections. Causes of ESRD were:
hypertension i 11 patients (26%). chronic pye-
lomephritis in 9 patients (21%), chronie glomeru-
fonephritis in 7 patients (1 6% ). nephrolithiasis in 3
patients (12%). diabetic nephropathy in 4 patients
(9% ). polveystic Kidney disease m 3 patients (7%)
and unknown etiologies in 4 patients (9%). Thirteen
patients {30.2%) had clinical signs of atheroscle-
rotic vascular disease: cerebrovascular disease (2
patients), angina pectoris (7 patients), myvocardial
imfarction (2 pavtients) and peripheral arterial dis-
ease (4 patients). More than hall of the patients
(63%]) were on antihypertensive medications (-
blockers, angiotensin-converting enzyme inhibitors,
calcium chamnmel blockers. and diuretics). Not a sin-
ule patient used HMG-CoA-reductase inhibitors.
There were 15 smokers (34 9%), Dighetes mellitus
was present in 6 subjects (13.9%), 5 of wham re-
ceived insulin,

The contral group included 2| age - and gender-
malched healthy persons. Apart from  ultrasono-
eraphic exammation, the control group was sub-
Jected to basic "screening” analysis for the purpose
of excluding renal before all, but alse other diseases
which might have mfluenced results of the research,

T'he nutritional status of HD patients was evalu-

ated wsing a modified procedure of Subjective
Cilobal Assessment (SGA ). which included 515 sub-
jective parameters, Three were based on patient's
history ol weight loss. imcidence of anorexia, and
Incrdence of vomiting, and three were based on sub-
Jective wrading of muscle wasting, the presence of
edema, and subcutaneous fat loss, Based on these
assessments, each patient had a score that reflected
the nutritional status in the following way: | = nor-
mal nutritional status, 2 = mild malputrition, 3 =
moderate malnutrition, and 4 = severe malnutrition
9]
Blood for laboratory analysis of 1D patients was
taken belore the second dialvsis in the week and
was promptly delivered to the laboratory. Levels of
hemoglobim. albumin. fibrinogen. urea. creatimine.
total cholesterol and triglyveeride were established
by standard laboratory methods. HDL cholesterol
levels were determined by enzymatic procedure af-
ter precipitation of apo-B-containing lipoproteins
with phospliotungstic acid and magnesium chloride,
while LDL cholesterol fevels were calenlated using
the Friedewald formula, CRP concentrations were
determined by the latex agelutination method.

L'ltrasonographic examination of carotid arteries
was done by high resolution real-tume sonography
with linear probe of 7.5 MHz on SIEMENS SONO-
LINE Sienna. Intima-media thickness (IMT) and
lumen-diameter (LD) were measured on longitudi-
nal section of right and leftcommon caratid artery,
0.5 to | em proximally from the beginming of the
carotid bulbus  IMT was defined as the distance
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rena po 3 puta unutar sekuge duge 20 mm, na mestu
hez fs)lﬁkrﬂtnih plakova, gde je debljina zida vizu-
elno procenjena kao najveca. |z proseénih vrednosti
1izracunata Je povriima popreénog preseka intima-
medije {PF;TME upotrebom sledece formule [11]:
PPIM = 3.14 [(LD/2 =DIM)2 - (LD/2)2]
Prikupljeni podaci su prvo obradeni standardnim
statistickim postupcima radi dobijanja mera cen-
tralne tendencije i mera varijabiliteta. Testiranje sta-
tisticke znacajnosti razlike izvrieno je pomoduy
I-testa za 2 nezavisna uzorka | Hi kvadrat testa.
Model povezanosti izmedu imenovanih nezavisnih
varijabli | PPIM kao zavisne varijable testiran je po-
mocu linearne regresione analize, Vrednost verovat-
noce p < 0,05 je prihvacena kao statisticki znacajna.

Rezultati

Za procenu stepena uznapredovalosti ranih ate-
rosklerotskih lezija u zidu zajednicke karotidne ar-
terije konistili smo 3 ultrazvuéna markera supkli-
nicke ateroskleroze: DIM, LD i PPIM. Mada su kod
bolesnika na HD proseéne wvrednosti svih ultra-
zvuénih markera bile ve¢e nego kod zdravih Ispi-
tanika, statisticki znadajna razlika izmedu ispiti-
vanih grupa utvrdena je za prosefne vrednosti LD
(p < 0.001) i PPIM (p = 0,001), ali ne i DIM (p =
0.05) (Tabela 1).

Tabela 1. Znatajnost razlike u prosefnim vrednostima ehoso-
nogratskih parametara supklinidke aterosklcroze jzmedu gru-
pe bolesnika na hemodijalizi | kentrolne prupe

Table 1. Significance of differences in mean values of eho-
sohographic parameters of subclinical atheroselerosis be-
tween hemodialvsis patienis and control sibecty
Ehosonografski parametri  Kontrolna zrupa Bolesmici na HD p

Litrasonagraphic Controd subjects  HID patignrs
pararedery A+ 5D X £35D

CHM-INMT (mm) 0073 x£014 0662013 (.04
LE-LDY {imm) 1.56 = (1,94 6,55 20,74 0
PPEM-CSIM area L:nnf] 922 + 4.8] |5.05= 0,26 }

Legenda X-arimeucka sredina; SD-standardna devijacija, DIM-de-
blyina mtime-mediie. LD-lumen-idijametar, PPIM-povriing preseky
intime-medie

Legend. X - mean values: 5D « standurd deviation: IMT - intina-
media thickness: 10D . fmen-cicmeier; CSIM gred - cross seciiona!
infima-media areq

Ukoliko se posmatra procentualna distribucija
PPIM u ispitivanim grupama, evidentno je da se kod
bolesnika na hemo jjaﬁzi PPIM najcesée nalazi u
opsegu 15-199 mm-*, dok je kod vige od polovine
zdravih ispitanika PPIM manja od |5 mm- (Gra-
fikon 1),

U odnosu na vrednost serumskog CRP, bole-
snmicl na HD su podeljeni u 2 osnovne grupe. Grupu
[ (18 bolesnika, 41.9%), saginjavali su bolesnici &iji
Je CRP bio manyji ad 10 mg/l i grupu 11 (25 bole-
snika, ﬁ_&.!%} sadinjavali su bolesnici ¢iji je CRP
bio veci od 10 mg/l. Osnovni klinick: podaci,

Tirmenstajn B, i sar. C-reaktivni protein

from the leading edge of lumen-intima echo of the
far wall to the leading edge of the media-adventitia
echo in the far wall. LD was defined as the distance
between the leading edge of the intima-lumen echo
of the near wall and the leading edge of the lumen-
mtima echo in the far wall [10], Both parameters
were measured 3 times inside a section 20 mm long,
at the place without discreet plaques. where wall
thickness was visually estimated as the greatest,
Cross-sectional intima-media area (CSIM area) was
calculated from mean values, using the following
formula [11]:

CS5IM area =3, 14 [(LD/2 +DIM) 2 - (LD/2)2]

Collected data were first elaborated by standard
statistical procedures for the purpose of obtaining
measures of central tendency and measures of vari-
ability, Normally distributed data are presented as
mean + SD. For statistical analysis we used an un-
paired Student's t-test to compare means between
two groups and the 2 test to compare prevalences
between groups. For multivariate linear regression,
we used a stepwise model. All variables that were
significantly correlated with CSIM area in the uni-
vanate analysis were included in the model. The P-
value < 0.05 was considered statistically significant.

Results

For evaluation of the degree of advancement of
early atherosclerotic lesions in the vessel wall. 3 ul-
trasonographic markers of subclinical atherosclero-
sis were used: IMT, LD and CSIM area. Although
mean values of all ultrasonographic markers were
higher in HD patients than in healthy subjects, a sta-
tistically significant difference befween examined
groups was found for mean values of LD (p<0,001)
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Grafikon 1. Distribucija PPIM kod bolesnika na hemodializ) u
adnosu na kontrolnu grupu

Graph L. Distribution of CSIM area in hemodialysis patients
and in control subjects

Legenda: PPIM-poviina popretnog preseka Intime-medije;
HD-hemodijaliza

Legend. CSIM area - cross-sectional intima-media  area;
HO-kemodialysis
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Tabela 2. Uporedne karakteristike bolesnika grupe | (CRP <
PO et} bolesnika grupe [HCRP > 10 mg)
Table 2. Comparative Characteristics of pativnis belonging (o

growg [ CRP < [0 mgl) and graup U TCRP = 11 mg )
Espifivine vanpanie CRE- 0] CHEP =10 mg) n
Feamnredd omanioy (o= T8y (M= 14

Fol (e 21 i) | 2:4 fo: i 1%
Atlrnsl Caeshing by freees) 340 = |4 =13 nA
Zastupljamnsl pufadid (*a)

Prirveslomive ot cpeakery, ¥ B A1l |
Zastapljgmosd debete s mielfntner §55)

Mrovealone af saficos et Sy ! gl .5
o Eastuplenost PER {506P 24

g peevgdiener of SRS 2y 27 i L]
T i 1A g weld 24,7 =40 MTad) o
Hemagthubue (g1 Moo (g 0 T (N &
At A e g 3T T= LN 352428 SR}
Kirannin Irllﬂﬂ5-|'l"-!' gty i erercnd ] H1w & [EA 2 =271 4.5
Ulrest (el 137 feser fhersan! i 20282 0l LS| ]
Fiofesterol (mmet])

1 Teaferviezrend vmmcal 37:18 b I ]
HEIL Juslisstieral §mmmol 1}

HEW. cholesterndd Yavimeal (Ed = 0 2 007 2429 ns

L O, Blesgerial (el 1

LI ehodesicrnd darmd ) 18- .5 13& A N4
Frheerdi [manal 13

(e (e g L R e |l ns
SEFimmHp rs&Y imml i G+ 2 151 ¢ In SR
DEF imemMa b deeme ey 2l =3 S M
CHB (b P e uaask =112 1P 1 Gl
LEY i 8 frami) V&= | 03 TRF =079 T00F
PRI L 3 S0 v frmne’) l6.E L 184 20,38 =305 =o0m
Ei'ﬁ-il.l['lgu:l'll'l!il AE P
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Tabela 3. Regresioni mode] PPIM
Table 3. Regrassion madel of CSIM area

Model/ Wode! 5] SE Heta 1 f
Constant' Cangrans _.-":.TE;- 279 207 <[ {15
CRPATHF (15 00d 146 J.85 <A} AWK
Srarosldee 013 fr.04 .34 jng <ot
Puleme/Smoking 2.4 113 124 213  =D05

Ispitivance grupe bolesnika su bile ujednacene u
odnosu na pol 1 starost. Distribucija puSenja i diabe-
tes mellitusa se nije statisticki znaéajno razlikovala
1izmedu dve grupe, Primenom SGP je dokazana veéa
zastupljenost malnutricije kod bolesnika u grupi 1l

and CSIM area (p = 0.001), but not for IMT (p =
0,053} (Tabkle 1), If distribution of CSIM area is con-
sidered tn examined groups, it is evident that in HD
patients CSIM area is most frequently in the ranpe of
15-19.9 mm®, while in more than half of healthy sub-

jects CSIM is less than 15 mm™ (Graph 1).

According to the value of serum CRP, HD pa-
tients were divided into 2 main groups. Group | (|8
patients. 41 .9%). consisted of patients whose CRP
was lower than 10 mg/l and group Il (23 patients.
38.1%) of patients whose CRP was higher than |0
mg/l. Basic clinical data. laboratory and  ultra-
sonographic parameters examined in these groups
are presented in lable 2,

Examined groups were age - and gender-
matched. Distribution of smoking and diabetes mel-
litus: was not significantly different between these
two groups. According 1o SGA. higher prevalence of
malnutrition was conflirmed 0 group 11 than in group
| {p=0.007), although this difference for BMI was
nol statistically significant. Staustically signiticant
difference between two groups was not registered
for pre-dialysis values of hemoglobin, creatinine,
urea and cholesterol, but albunun levels were signifi-
cantly lower in group I1 than in group I (p=0.002).

In HI? patients i group |1, there were statistically
higher values of systolic (p=0.004), but not diastolic
blood pressure compared with patients in group 1.
Prevalence of atherosclerotic vascular disease was
significantly more frequent in group 11, than in group
| {p=0L022). A statistically sienificant difference of
all ultrasonographic markers of subclinical athero-
sclerosis was established between examined groups:
patients in group 1l had statistically higher values of
IMT (p=0.000), LD (p=0.0!18) and CSIM area (p=
0.000) than those in group 1. In accordance with ex-
pectations, patients with CRP beyond 10 mg/l had
significantly higher values of ESR (p= 0.000) and
fibrincgen (p=0.000) in comparison with patients
whose CRP was lower than 1) mg/|,

For the purpose of determining the significance
of individual variables [ape. sender, length of dialy-
sis. smoking, lipid status, mzﬁnutriti{}n (SGA), albu-
min. fibrinogen, CRP| in explaining CSIM area as a
dependent variable. stepwise method of multiple lin-
ear regression analysis was used. R square of regres-
sion model (R2=0.550) sugzgests that a proximately
33% of variability of outcome variable-CSIM area is
explained through coexistence of variables from the
madel pregenteg in table 3, while isclated level of
CRP can explain almost 38% varving in CSIM area
values. The ﬁnear relationship model between CSIM
area as # dependent variable and CRP as an inde-
EEHEIEI‘IT variable is graphically presented in diagram
s

[iscussion

Results of ultrasonographic examination show
that HI) patients have greater severity and spread of
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nego kod bolesnika u grupi 1 (p = 0.007), iako ast-
varena razlika za BMI nije bila statisticki znacajna,
Statisticki znaca)ne razlike izmedu ispitivanih grupa
ntje bilo ni u predijaliznim vrednostima hemoglobi-
na, kreatinina, uree i holesterola, ali serumske kon-
centracije albumina su bile znacajno nize kod bole-
snika u grupi |l nego kod bolesnika u grupi | (p =
0,002).

Kod bolesnika iz grupe 11 bile su znacajno vede
vrednosti sistolnog (p = 0.004), ali ne | dijastalnog
Krvnog pritiska v odnosu na bolesnike iz arupe L.
Prisustvo klinicki manifestne ateroskleroze je zabe-
lezeno znacajno Cesce kod bolesnika grupe I, ne-
20 Ko bolesnika grupe | (p=0,022). lzmedu ispiti-
vanih wupa ustanovljena je statisticki znacajna ra-
zhika u vrednostima svih ehosonografskih markera
supklinicke ateroskleroze: bolesnicr iz grupe 11 imali
su znacajno vece vrednosti DIM (p = 0,000), LD (p
=0.018) 1 PPIM (p = 0.000) nego llju:'rixcsnir:i IZ grupe
I. U skladu sa ocekivanjima. bolesnici sa nivoom
CRP iznad 10 mg/l imali su znafajno vece vredno-
sti SE (p = ﬂ,{}i}tﬁ 1 fibrinogena (p = (,000) u pore-
-:Jun}iu sa bolesnicima ¢iji je CRP bio nizi od 10
g/l

Radi odredivanja znacaja pojedinih varijahli
[starosti. pola. duzine dijaliziranja. pudenja. lipid-
nog statusa. malnutricije (SGPY, albumina. {ibrino-
gena. CRP-a| u objasnjenju PPIM kao zavisne va-
rijable, upotreblien je stepwise metod visestruke
linearne regresione analize. Koeficijent determina-
cije regresionog modela iznosi R* = 0,550, &to 20-
vori da je priblizno 55% varijabiliteta ishodne vari-
Jable PPIM abjasnjeno koegzistencijom regresora 1z
modela prikazanog u Tabeli 3, dok izolovani nivo
CRP moZe objasniti ¢ak 38% variranja u vred-
nostima PPIM. Madel linearne povezanosti izmedu
PPIM kao zavisne varijable i CRP-a kao nezavisne
varijable. grafigki je prikazan v Grafikonu 2.

Diskusija

Rezultati ultrazvuénog pregleda ukazuju da bole-
snici na HD imaju vecu tezinu | rasprostranjenost
ranih lezija ateroskleroze u karotidnim arlerijama
iskazano preko povrsine preseka ntime-medije |
lumen-dijametra od zdravill osoba srodne starosti |
pola. Bliska korelacija izmedu stepena aterosklerot-
skih Tezija u Karotidnim arterijama vrata i u koro-
narmim arterijama dokazana je u autopsijskim studi-
jama jos pre nekaliko decenija [12]. Stoga. ehoso-
nografska evaluacija karotidnih arterija ima dija-
gnosticki znacdaj kod bolesnika sa suspektnom koro-
narmom bolescéu, ali | znacaj u predvidanju rizika
akutnog infarkta miokarda [13], Od ultrazvucnih
markera rane ateroskleroze u dosadasnjim ispitivan-
Jima je najéesce koriséena DIM. mada Je Jogestrand
sa sar. pokazao da se izratunavanjem PPIM kom-
penzuje distenzija arterijskog zida izazvana povi-
senim krvnim pritiskom. koja je ponekad razlog
merenja lazno nizih yrednosti DIM [11], Nedavno je
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early atherosclerosis lesions in carotid arteries. ex-
pressed through CSIM area and 1D, than healthy
age- and gender- matched persons. Close correla-
Lion between the level of atherosclerotic lesions in
carotid arteries and coronary arteries has been con-
firmed in autopsy studies several decades ago [12).
Henee. ultrasonographic evaluation of carotid arter-
les has a diagnostic significance in patients with
suspected coronary disease, but also a predictive
significance in predicting future risk of acute myo-
cardial infarction | 13]. Of ultrasonographic markers
of early atherosclerosis in previous mvestigations
most frequently used was [MT. although loges-
trand et al showed that calculation of CSIM area
compensates variations in artery distention secon-
dary 1o changes in blood pressure. which is some-
tmes a cause for measuring falsely lower IMT
values [11]. It has been confirmed recently that
CSIM area is a much better predictor of COTonary
atherosclerosis than IMT [14].

Although without ¢linical signs of inflammation.
our results showed that serum level of CRP was
higher in 38% of examined 1D patients. This is in
line with data from literature in which prevalence
of inflammation in HD patients varies considerahly
in different countries; Zimmermann et al recorded
higher levels of CRP in 46% stable HD patients in
Germany, Yeun et al established inflammation pre-
valence of 51% in American HD population. while
Zoccali et al came up with a prevalence of 629
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dokasano da PPIM ima 1 vedu prediktivig viednost
7o horonarnu aterosklerozu od DIM | 4],

lako bez Klinickih znakova inflamacije. nadi re-
zultati su pokazali da je serumski nivo CRP bio
povisen kod 58% istili_wmih bolesnika na HD. To je
u saglasnosti sa podacima iz literature u kojima zas-
tuplienost inflamacije kod balesnika na HD znacaj-
no varira U razhéitim zemljama: Zimmermann | sa-
radnict su zabelezili povisene mivoe CRP kod 46%
stabilih HEY bolesnika u Nemaéko, Yeun i saradni-
¢i su paveli prevalenciju inflamacije od 51% u ame-
ricko) populaci)i HD bolesnika, dok je Zoccali sa
saradnicima objavio prevalenciju od 62% medu bo-
lesnicima na HD u Italiji [13]. lako se u patofizio-
logiji hroniénog iflamatornoy stanja razmatra po-
tencijalna uloga brojnik egzouzenih i endogenih lak-
tora. vecina autora se slaze da je uzroke aktivacije
reaktanata akutne faze kod ovih bolesnika najéesce
tesko 1l €ak nemoguce otkriti, LI studiji Panishija i
saradnika. 1z grupe bolesnika koji su dijalizirani naj-
manje 6 meseci razlicitim dijaliznim modalitetima,
iskljuéeno je vec na potetku 18,6% bolesnika zbog
verifikovanih patoloskih stanja koja su pouzdano
udruzena sa visokim vrednostima CRP. Od preo-
stalth bolesnika ¢ak 47% je imalo povisene vred-
nostt CRP, Sto potvrduje visoku zastuplienost mi-
kraiflamacije kod prividno stabilnih bolesnika na
HD [16]

Analiza nutritivnih parametara je pokazala da
bulesnike 12 grupe | odhikuju znaéamo mize vred-
nosti SGP skora 1 nize serumske koncentracije albu-
mina u adnosu na bolesnike iz grupe 11, S obzirom
da nije dokazana znacajna razlika u vrednostima os-
talih nutritivnih parametara izmedu dve grupe bole-
siika. nadi rezultati ukazuju na mogucénost da su |
5GP 1 mive albumina v serumu u znacajnoj meri
uplivisani aktivnoscu mflamatormog odgovora, lako
se termin hipoalbuminemija kod bolesnika sa termi-
natnom fazom HBI vec dugo koristi kao sinonim za
malnutriciju, nedavno su Kaysen [ [ 7] 1 Qureshi | 1§]
utvrdili da je aktivnost akutne faze odgovora neza-
visan prediktor niskog nivoa serumskih albumina
kod bolesnika na HD. Hronigna infNamacija redu-
kuje serumsku koncentraciju albumina prve pove-
canjem brzine katabolizma, a zatim inhibicijom nor-
malnih homeostatskih mehanizama koji ugestvuju u
odrzavanju ravnoteze izmedu sinteze | brzine kata-
holizma [19]. Moze se zaklju¢iti da je mflamacija
laktor koji komplikuje upotrebu serumskog albui-
ming kao pojedinacnog indeksa nutritiviiog statusa
hod bolesnika na HD.

Rezultati naseg 1strazivanja ukazuu da bolesnici
sa povisenim vrednostima CRP imaju znatajno vede
vrednosti svih ultrazvuénih markera ateroskleroze.
kao 1 Cesce klinicki ispoljenu aterosklerozu u od-
nosu na bolesnike sa normalnim vrednostima CRP.
Stepiwise multipla regresiona analiza je pokazala da
Je nivo CRP najvazniji prediktor karotidne atero-
skleroze koji sam objasnjava 38.3% opserviranih
razlika u PPIM, dok ll]lxljltl:‘j"r'ﬂt'ljﬁ j05 dva faklora ri-
cika (starost i pulenje} u regresioni model obja-

physiology of a chrome inflammatory condition a
potential role of numerous exogenic and endogenic
lactors 1s considered, majority of authors agree that
causes of activation of acule phase reactanis in
these patients 18 most frequently difticult or even
impossible to detect. In study ol Pamishi et al. from
group of paticnts who had heen dialyzed for at least
6 months, at the very begimning some 18.6% pa-
Lients were excliuded Tor verified pathological con-
dition which was positively associated with high
values of CRP. OF the remaining patients, even 47%
had higher CRP values which confirms high preva-
lence of microm{lammation in apparently stable HD
patients [ 16].

Analysis ol nutritional parameters showed that
patients in group | are characterized by significantly
lower values of SGA scores and lower serum con-
centrations ol albumin compared 1o patients in
group I1, Since po signiticant difference in values of
other nutritional parameters between the two groups
was confirmed, our results show a possibility that
both SGA and level of albumin in serum are largely
affected by the inflammatory response. Although
the term hypoalbuminemia in patients with ESRD
has been used lor a long tine as a svnonyvm for mal-
nutrition, Kaysen |17] and Qureshi [18] have re-
cently conlirmed that acute response phase is an
mdependent predictor of a low level ol serum albu-
min in HD patients. Clironic inflammation reduces
serum concentration of albumin, [irst by accelerat-
ing catabolism and then by inhibition of normal ho-
meostatic . mechanisms  which  participate  in
preserving balance between the rate of albumin syn-
thesis and albumin fractional catabolic rate [19]. It
can be concluded that mflammation is a factor
which further complicates the use of serum albumin
as a simgle ndex of nutritional status i HD
patients.

Results of our investigation show that patients
with higher values of CRP have signilicantly higher
values of all ultrasonographic markers of athero-
sclerosis. as well as more frequent clinical athero-
sclerotic  vascular disease in comparison  with
patients wilth normal values of CRP. Stepwise mul-
tiple regression analvsis showed that the level of
CRP 15 (he most important predictor of carotid athe-
rosclerosis. which explains 38.3% observed differ-
ences in the CSIM area. while mclusion of two
more risk factors (age and smoking) in regression
model explains the total of 353% wvariability in the
CSIM area. The fact that inflammation plays an im-
partant role in all phases of atherosclerosis, was of
decisive importance for changing the pathogenic
concept of atherosclerosis from degenerative to
chronic nflammatory disease [20]. In the last years,
humerous studies have confirmed the predictive im-
portance of inflammation for overall and cardiavas-
cular mortality of dialvzed patients, but the relation
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snjava ukupno 55% varijabiliteta PPIM Cinjenica
da mflamacija ima vaZznu ulogu v svim fazama ate-
roskleroze bila je od presudnog znacaja za izmeny
patogenetskog koncepta ateroskleroze od degenera-
tivne do hroniéne inflamatorne bolesti [20]. Pos-
lednjih godina su brojne studije dokazale prediktiv-
ni znacaj inflamacije za ukupni i kardiovaskulam
mortalitet bolesnika na dijalizi, ali je poveza- nost
ajedinih nflamatornih markera sa ranim  stru-
Eluralnijr: promenama  ateroskleroze  slabije
IZucavana.

Craoss-sectional studija Stenvinkela 7 saradnika
le pokazala da CRP |]>1'=:d51m'|_'ra nezavisan faktor ri-
zika za povecanu PPIM veé kod bolesnika u predi-
Jaliznoj fazi HBI [5]. Nedavno je sappitena znacaj-
na korelacija DIM sa logaritmovanim vrednostima
CRP i koncentracijama cirkulidué¢ih endotelnih ad-
hezivnih molekula kod bolesnika na HD [21]. Druga
studija cross-sectional dizajna je ommadila logari-
tmovanu vrednost cirkuliSsuceg 1L-6 kao znacajan

rediktor DIM 1 PPIM u isto] populaciji bolesnika

FE?.'. Zoccali sa saradnicima je prvo” pokazao u
cross-sectional studiji da je C l{g NEZavisno povezarn
sa karotidnom aterosklerozom kod bolesnika na
hroménom  dijaliznom tretmanu [23], da bi u
prospektivnioj kohortnoj studiji koja je obuhvatila
samo bolesnike na HD interakcija izmedu CRP |
asimetricnog dimetilarginina postala jedini nezavis-
ni prediktor lezija intime [24]. Og&igledno e da jo§
uvek nedostaju prospektivie i1 dobro kontrolisane
studije koje bi sa vide preciznosti definisale ulogu |
znaca) pojednih inflamatornih markera u ubrzano
aterogenezi vezanoj za HBI i HID.

LZakljucak

Tezina | rasprostranjenost ranih aterosklerotskil
lezija u karotidnim arterijama bolesnika na HD i
dugotrajna izlozenost brajnim  tradicionalnim i
netradicionalnim faktorima rizika éine owvu grupu
bolesnika visokorizitnom za razvo} Kardiovasku-
larmmih  komplikacija vznapredovale” ateroskleroze
Nedavni ubed(jivi dokazi o ulozi inflamacije u svim
fazama ateroskleroze pobudili su interesovanje za
Sira istraZivanja prognostitke vrednosti cirkulizucih
inflamatornih markera, Ako se ima u vidu prog-
nosticka vrednost CRP za ukupni i kardiovaskularni
mortalitet bolesnika na HD, odredivanje serumske
koncentracije CRP bi moglo imati dodatnu ulogu u
identifikaciji visokoriziénih bolesnika,

Povisene serumske koncentracije CRP su opi-
sane kod znacajnog procenta balesnika na HD | u
nasem radu su direktno povezane sa svim ultra-
zvucmim markerima supkimicke ateroskleroze. Sta-
tistichi znalajna povezanost serumske Koncentracije
CRF sa PPIM karotidnih arterija ukazuje da sistern-
ska inflamacija niskog stepena mozZe biti znacajan
doprinoseci faktor ranaj fazi karotidne ateroskle-
roze. Stoga bi preventivne i terapijske mere usme-
rene na redukciju hroniénog int amatornog stanja
mogle biti znacajne u smanjenju kardiovaskularmog
rizika balesnika na HD. E
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ship between some inflammatory markers with early
structural changes of atherosclerosis has been stud-
ied insufficiently,

T'he cross-sectional study of Stenvinkel et al has
shown that CRP poses an independent risk factor
for enlarged CSIM area. already in the pre-dialysis
phase of ESRD [5]. Recently, a significant correla-
tion of IMT with logarithmic CRP values and con-
centrations of circulating endothelial cell adhesion
molecules in HD patients has been reported [21].
Another study of cross-sectional design marked a
togarithmic value of circulating [1-6 as a significant
predictor of IMT and CSIM area in the same popu-
lation of patients [22]. Zoccali et al have first
showed in a cross-sectional study that CRP is inde-
pendently related to carotid atherosclerosis in
chronic dialvsis patients [23], while in a prospective
cohort study which included only HD patients. in-
teraction between CRP and asymmetric dimethy-
larginine became the only independent predictor of
mtimal lesions [24]. It is obvious that we still need
prospective  and  well-controlled  studies  which
would, with mare precision, define the role and im-
portance of some inflammatory markers in acceler-
ated atherogenesis related to ESRD and HD.

Conclusion

Sevenity and dissemination of early atheroscle-
rotic lesions in carotid arteries of HD patients and
long-term exposure to numerous traditional and
non-traditional risk factors. make this group of pa-
tients at high risk for development of cardiovascular
complications of advanced atherosclerosis. Recent
convincing proots on the role of inflammation in all
phases ol atherosclerosis, raised interest in wider in-
vestigations of circulating inflammatory markers
and their prognostic values, If we take into account
the prognostic value of CRP for overall and cardio-
vascular mortality in HD patients, determining se-
rum concentrations of CRP could have an additional
role in identification of high risk patients.

Increased serum concentrations of CRP were de-
seribed in a significant percentage of HD patients
and in our work are directly related to all ultra-
sonographic markers of subclinical atherosclerosis,
Statistically significant relationship of serun con-
centrations of CRP with CSIM area of carotid arter
les shows that svstemic inflammation of low degree
can be a significant contributing factor to early
phase of carotid atherosclerosis. Hence. preventive
and therapeutic measures directed to reduction of
chronic inflammatory conditions could be of signifi-
cance in reducing cardiovascular risk in HD pa-
hients.
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