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Abstract

Background: The relationship between soluble intercellular adhesion molecule-1 (sICAM-1) and the  
presence of cardiovascular disease in diabetic chronic dialysis patients has been studied to a lesser extent. Aims: 
to evaluate the relationship between the serum level of sICAM-1 and clinically manifest cardiovascular disease  
in diabetic chronic hemodialysis patients. Methods: Twenty-six diabetic chronic hemodialysis patients treated in  
the Alba-Iulia Dialysis Center were included in a crossectional study. The serum sICAM-1 levels were measured,  
the routine laboratory evaluation was performed and the presence of clinically manifest cardiovascular disease 
(CVD),  defined  as  coronary  artery  disease  (CAD),  peripheral  arterial  disease  (PAD)  or  cerebrovascular  
disease(CRD) as well as the current treatment scheme were assessed. Results: sICAM-1 level was positively cor-
related with the glycated hemoglobin (r=0.59; IC95% 0.22-0.81; p=0.004).  Nineteen of the 26 patients had clin-
ically manifest CVD. The sICAM-1 level was significantly higher in CVD patients vs. non-CVD patients: 290  
ng/ml  (262.5-367)  vs.  238 ng/ml  (208-283);  p=0.03.  sICAM-1>260 ng/ml  was significantly associated with 
CAD: OR=5.33; IC95% 1.02-29.4; p=0.04 and with overall clinically manifest CVD: OR=1.33; IC95% 1.25-
78.3; p=0.007. sICAM-1 was significantly lower in angiotensin-converting enzyme inhibitor (ACEI)-treated pa-
tients:  258 ng/ml (220-289) vs 292 ng/ml (263-348) in the untreated group, p=0.03. The ACEI treatment was 
significantly associated with sICAM-1 below 260 ng/ml (p=0.002). Conclusion: Clinically apparent CVD in dia-
betic hemodialysis-treated patients was associated with high sICAM-1 levels. The ACEI treatment and better gly-
cemic control were associated with lower levels of sICAM-1. 
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Rezumat

Introducere: RelaŃia între molecula de adeziune intercelulară-1 solubilă (sICAM-1)  şi prezenŃa bolii  
cardiovasculare la pacienŃii diabetici hemodializaŃi cronic a  fost puŃin studiată.. Obiectivul lucrării a fost eva-
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luarea relaŃiei dintre nivelul seric al sICAM-1 şi boala cardiovasculară clinic manifestă la pacienŃii diabetici he-
modializaŃi cronic. Material şi metodă: Douăzeci şi şase de pacienŃi diabetici hemodializaŃi cronic, prevalenŃi în 
centrul de dializă Alba au fost incluşi într-un studiu  crossecŃional.  SubiecŃilor li s-a dozat nivelul  sICAM-1, s-a 
efectuat evaluarea de laborator standard şi a fost evaluată  boala cardiovasculară clinic manifestă (BCV) (defi-
nită ca boală cardiacă ischemică, arteriopatie cronică obliterantă a membrelor inferioare sau accident vascular  
cerebral) precum şi tratamentul urmat. Rezultate: sICAM-1 s-a corelat pozitiv cu hemoglobina glicată (r=0,59; 
IC95% 0,22-0,81; p=0,004). Nouăsprezece dintre pacienŃi au prezentat boală cardiovasculară clinic manifestă.  
sICAM-1 a fost semnificativ mai mare la pacienŃii cu BCV faŃă de cei fără BCV: 290 ng/ml (262,5-367) vs 238 
ng/ml (208-283); p=0,03. sICAM-1>260 ng/ml s-a asociat semnificativ cu prezenŃa bolii coronariene: OR=5,33;  
IC95% 1,02-29,4; p=0,04 şi cu boala cardiovasculară clinic manifestă per ansamblu: OR=1,33; IC95% 1,65-
78,3; p=0,007. Nivelul sICAM-1 a fost semnificativ mai redus la pacienŃii trataŃi cu inhibitori ai enzimei de con-
versie a angiotensinei (IECA):  258 ng/ml (220-289) vs 292 ng/ml (263-348) în grupul netratat, p=0,03.  Trata-
mentul cu IECA s-a asociat semnificativ cu sICAM-1 sub 260ng/ml (p=0,002). Concluzii: Boala cardiovasculară  
clinic  manifestă  la  pacienŃii  diabetici  trataŃi  cu  hemodializă  cronică   se  asociază  cu   nivele  crescute  ale  
sICAM-1. Tratamentul cu IECA  se asociază cu nivele mai reduse ale sICAM-1.

Cuvinte cheie: sICAM-1, hemodializă, diabet zaharat, IECA, boală cardiovasculară
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Background

Cardiovascular disease is the main cause 
of death in chronic dialysis patients. This popula-
tion presents an excess of cardiovascular disease 
(CVD) mortality and morbidity, unexplained by the 
traditional risk factors. The endothelial dysfunction 
is frequent in diabetes mellitus patients (1). High 
levels of endothelial adhesion molecules associate 
with atherosclerotic plaques (2). Serum level of the 
sICAM-1 is increased in chronic hemodialysis pa-
tients  (3,  4)  and  correlates  with  atherosclerotic 
manifestations (5, 6). Still, the relationship between 
the sICAM-1 and CVD in diabetic chronic hemo-
dialysis has been less studied. The majority of the 
studies on dialysis patients excluded diabetic indi-
viduals (3, 5, 6). In a systematic PubMed search, 
the study with the highest number of diabetic pa-
tients was that of Zoccali (7), which included 35 
diabetic  patients. However, the aim of the study 
was  not  to  assess  the  relationship  between  the 
sICAM-1 and cardiovascular disease, as much as 
to evaluate the relationship between sICAM-1 and 
clinically manifest cardiovascular disease in diabet-
ic chronic dialysis patients in Nefromed Dialysis 
Center  Alba-Iulia.  The  relationship  between 
sICAM-1 and clinical,  laboratory  and  treatment 
characteristics of these patients was evaluated. 

Methods

All  stable  diabetes  hemodialysis  pa-
tients,  with  a  dialysis  vintage of  more than 3 
months (n=26) in the center in March 2011, were 
included. Patients with acute infections and those 
treated with immunosuppressives or antibiotics 
were excluded (n=2). Demographic and clinical 
parameters were registered, namely: predialysis 
blood  pressure,  presence  of  a  central  venous 
catheter,  abdominal  circumference,  body  mass 
index, insulin, erythropoiesis-stimulating agents 
(ESA) and antihypertensive treatment. The bio-
logical  parameters  were:  complete  blood  cell 
count, creatinine, dialysis dose, expressed using 
the Kt/V parameter (where K represents the dia-
lyzer clearance coefficient, t represents the dia-
lysis time and V represents the urea distribution 
volume),  glycated  hemoglobin  (HbA1c),  total 
cholesterol,  high-density lipoprotein cholesterol 
(HDL), triglycerides, uric acid, albumin, C react-
ive  protein  (CRP).  Measurements  were  per-
formed in the Medcenter Laboratory in Cluj-Na-
poca,  during  the  routine  lab  evaluation,  from 
blood sampled simultaneously with that used to 
determine the sICAM-1 level. For the determina-
tion of sICAM-1, the blood was centrifuged for 
15 minutes at 1500 g. Centrifugation was started 
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30 minutes after the sampling, serum was separ-
ated  and  frozen  at  -80  degrees  Celsius.  The 
sICAM-1  level  was  determined  using  ELISA 
R&D Systems method, in the Synevo Laborat-
ory, Cluj-Napoca. 

Clinically manifest cardiovascular disease 
was defined as the presence of one or more of the 
following: coronary artery disease (CAD), chronic 
peripheral artery disease (PAD) or cerebrovascular 
disease (CRD). CAD was defined as: history of 
angina pectoris, history of ischemic ECG changes 

or necessity of cardiac percutaneous 
or  surgical  revascularization.  PAD 
was defined as: ankle-brachial index 
below  0.9,  presence  of  trophic 
ischemic lesions in the lower limbs or 
limb amputation. The ankle-brachial 
index was measured using the aus-
cultatory method in the brachial artery 
at the non-arterio-venous fistula upper 
limb and in the posterior tibial arter-
ies, 5 minutes after the end of dialysis. 
Auscultatoric evaluation of ankle-bra-
chial index was validated for detec-
tion of PAD in dialysis patients (8). 
The lowest ankle blood pressure value 
was taken into account for the calcu-
lation  of  the  ankle-brachial  index. 
CRD  was  defined  as  history  of 
ischemic or hemorrhagic stroke. 

The  relationships  between 
sICAM-1 and the clinical, biological 
and therapeutic parameters as well as 
cardiovascular  disease  were  evalu-
ated. The vascular access (arterio-ven-
ous fistula or central venous catheter) 
was  registered  and  its  relationship 
with sICAM-1 was evaluated. 

Statistics:  quantitative  vari-
ables were expressed as averages and 
standard deviations for normally dis-
tributed variables and as medians and 
25-75  percentiles  for  the  non-nor-
mally distributed variables; quantitat-
ive variables were expressed as pro-

portions. Differences between the study groups’ 
parameters  were  determined  using  t-test  and 
ANOVA test  for  normally  distributed  variables 
and U Mann-Whitney test for non-normally dis-
tributed variables. The relationship between con-
tinuous variables was evaluated using Spearman 
regression. Logistic regression was used to study 
the relationship between sICAM-1 and other clin-
ical and biological parameters on one hand and 
CVD on the other hand. The statistically signific-
ant threshold chosen was p≤0.05.
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Table 1. Study group characteristics

Parameter
Average±SD/

Median (25-75 percentiles) /
Percent (n=26)

Age, years 61±10
Male gender, n(%) 21 (81)
Dialysis vintage, years 3±3.8
Smoking present/history, n(%) 7 (26.9)
Central venous catheter, n(%) 5 (19)
Body mass index, kg/m2 28±5.65
Abdominal circumference, cm 103 (97-110)
Predialysis systolic BP, mm Hg 136±25
Predialysis diastolic BP, mm Hg 76±10.6
ESA-treated, n(%) 23 (88.4)
ESA dose, U/week 4692±3988
ESA/Hb, (U/week)/g 283 (181-578)
Insulin treatment, n(%) 20 (77)
Antihypertensive treatment, n(%) 22 (84.6)
ACEI, n(%) (%yes) 15 (56.8)
sICAM-1, ng/ml 275 (252-336)
Total cholesterol, mg/dl 167±28
Triglycerides, mg/dl 232±89
Albumin, g/dl 3.82±0.38
CRP, mg/l 3 (3-6)
Uric acid, mg/dl 6.09±1.03
HbA1c% 6.94±1.69
Creatinine, mg/dl 8±2.44
Kt/V 1.35±0.13
Hemoglobin, g/dl 11±1.75
Thrombocyte count x103/mmc 198±59.8
Leukocyte count/mmc 7050 (6400-8400)

Legend: Numeric variables are expressed as average ± standard deviations 
for normally distributed variables and median (25-75 percentiles) for the ab-
normally distributed ones.
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Results

The  study  group  characteristics  are 
shown in Table 1.

Correlations between sICAM-1 and dif-
ferent  clinical  and  biological  parameters  were 
studied.  The  sICAM-1  was  weakly  positively 
correlated with the weekly ESA dose (r=0.38; 
IC95%  0.0002-0.67;  p=0.04),  the  ESA/hemo-
globin ratio (r=0.4; IC95% 0.02-0.68; p=0.04), 

glycated hemoglobin (r=0.59; IC95% 0.22-0.81; 
p=0.004)  and  leukocyte  count/mmc  (r=0.49; 
IC95% 0.13-0.74;  p=0.01).  In  multiple  regres-
sion with sICAM-1 as a dependent variable and 
glycated  hemoglobin,  leukocyte  count,  weekly 
ESA  dose,  ESA/Hemoglobin  ratio,  sICAM-1 
weakly  correlated  with  glycated  hemoglobin 
(R2=0.28,  p=0.01).  In  logistic  regression,  after 
introduction  of  the  same  variables  and  ACEI 
treatment  in  the  model,  sICAM-1<260  ng/ml 
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Table 2. Comparative characteristics of the cardiovascular disease group and 
those of the non-clinically manifest cardiovascular disease group

Parameter

CVD group
Average±SD/

Median (25-75 percentiles) /
Percent (n=17)

NCVD group
Average±SD/

Median (25-75 percentiles) /
Percent (n=9)

p

Age, years 60±11 63±6  6 0.25
Male gender, n(%) 13 (76) 8 (89) 0.4
Dialysis vintage, years 3.94±4.13 2.33±2.92 0.15
Smoking (present/antecedent), n(%) 6 (35) 1 (11) 0.15
Central venous catheter, n(%) 5 (29) 0 0.15
Body mass index, kg/m2 28.37±6.76 27.4±2.8 0.3
Abdominal circumference, cm 104 (89-111) 100 (97.8-109) 0.9
Predialysis systolic BP, mm Hg 135.8±27.85 136.6±21.2 0.4
Predialysis diastolic BP, mm Hg 76.5±11.69 75.6±8.8 0.4
ESA treated, n(%) 15 (88.2) 8 (88.8) 0.9
ESA dose, U/week 4400±3906 5500±4250 0.5
ESA/Hb, (U/week)/g 384 (142-797) 219 (157-400) 0.34
Insulin treated, n(%) 14 (82) 6 (67) 0.7
Antihypertensive treatment, n(%) 15 (88) 7 (78) 0.9
ACEI, n(%) (%yes) 11 (66.7) 4 (41.2) 0.4
sICAM-1, ng/ml 290 (262.5-367) 238 (208-283) 0.03
Total cholesterol, mg/dl 169±25.5 163±33.5 0.3
Triglycerides, mg/dl 256.4±80 190.4±94.3 0.03
Albumin, g/dl 3.84±0.24 3.76±0.56 0.35
CRP, mg/l 3 (3-6) 6 (3-7.5) 0.4
Uric acid, mg/dl 5.93±1.09 6.32±0.95 0.2
HbA1c% 7.28±2.07 6.42±0.71 0.1
Creatinine, mg/dl 8.36±2.37 7.16±2.5 0.1
Kt/V 1.35±0.13 1.34±0.13 0.4
Hemoglobin, g/dl 11.4±1.9 10.9±1.4 0.1
Thrombocyte count x103/mmc 201.3±70 191.6±36 0.25
Leukocyte count/mmc 7200 (6475-8525) 6900 (6250-8125) 0.2

Legend: Numeric variables are expressed as average ± standard deviations for normally distributed variables and median 
(25-75 percentiles) for the abnormally distributed ones.
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significantly  associated  only  with  the  ACEI 
treatment (OR 0.06; IC95% 0.0006-0.7; p=0.02). 

Nineteen of  the patients  had  manifest 
CVD: 13 of them had CAD, 12 had PAD and 5 
had  CRD.  Comparative  characteristics  of  the 
cardiovascular  disease group and those of  the 
non-clinically  manifest  cardiovascular  disease 
group are shown in Table 2. 

The  CVD and NCVD groups  did  not 
show statistically significant differences from the 
point of view of the demographic, clinical and 
ESA, insulin or antihypertensive treatment,  in-
cluding the  ACEI  use  or  of  the dialysis  dose 

(Kt/V).  Of  the  biological  variables,  sICAM-1 
and triglyceridemia were significantly higher in 
the CVD group. All the central venous catheter 
patients  were  in  the  CVD  group.  The 
sICAM-1>260  ng/ml  was  significantly  associ-
ated with  CAD:  OR=5.33;  IC 95% 1.02-29.4; 
p=0.04  and  with  overall  clinically  manifest 
CVD: OR=1.33; IC 95% 1.25-78.3; p=0.007. 

In logistic regression, sICAM-1 was the 
main predictor of the clinically manifest cardi-
ovascular  disease.  The  association  between 
sICAM-1>260 ng/ml and CVD remained signi-
ficant after the following parameters were intro-
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Table 3. Comparative characteristics of patients treated with ACEI vs non- treated ones

Parameter

ACEI group
Average±SD/

Median (25-75 percentiles) /
Percent (n=15)

NonACEI group
Average±SD/

Median (25-75 percentiles) /
Percent (n=11)

p

Age, years 60±9.2 61.5±10.8 0.57
Male gender, n(%) 13 (86.7) 8 (72.7) 0.34
Dialysis vintage, years 2 (1-3) 2 (2-3.75) 0.34
Smoking (present/antecedent), n(%) 5 (33) 2 (18) 0.68
Central venous catheter, n(%) 4 (26.6) 1 (9.1) 0.5
Body mass index, kg/m2 27.9 (25.3-31.2) 27.8 (23.9-29.8) 0.7
Abdominal circumference, cm 102 (98.2-112.3) 104 (87.8-109.5) 0.45
Predialysis systolic BP, mm Hg 133±30.5 136.4±20.6 0.75
Predialysis diastolic BP, mm Hg 76.7±9.8 75.5±12.1 0.78
ESA treated, n(%) 14 (93) 9 (81) 0.81
ESA dose, U/week 3000 (200-5500) 6000 (1000-11500) 0.71
ESA/Hb, (U/week)/g 280.4 (181-390) 594 (77-998) 0.65
Insulin treated, n(%) 11 (73.3) 9 (81.8) 0.98
sICAM-1, ng/ml 258 (220-289) 292 (269-348) 0.03
Total cholesterol, mg/dl 170 (150-184) 173 (150-222) 0.6
Triglycerides, mg/dl 188 (58-339) 184 (122-233) 0.7
Albumin, g/dl 3.56±0.39 3.68±0.58 0.53
CRP, mg/l 4.5 (3-6) 3 (3-5.25) 0.36
Uric acid, mg/dl 6.4 (5.6-7.8) 6.2 (5.3-6.4) 0.19
HbA1c% 6.6 (5.6-7.4) 6.8 (6.4-7.4) 0.8
Creatinine, mg/dl 8.04±1.6 7.8±3.35 0.8
Kt/V 1.37±0.09 1.33±0.17 0.44
Hemoglobin, g/dl 11.9 (11.4-13.3) 11 (10.5-11.6) 0.17
Thrombocyte count x103/mmc 180±41.2 222±73.8 0.08
Leukocyte count/mmc 6900±1187 8845±3269 0.04

Legend: Numeric variables are expressed as averages ± standard deviations for normally distributed variables and median 
(25-75 percentils) for the abnormally distributed ones.
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duced in the model, namely: age, dialysis vin-
tage, central venous catheterism, ACEI and in-
sulin treatment and HbA1c. 

The analysis of ACEI treated and non-
treated patient subgroups is shown in Table 3.

The ACEI group had a lower sICAM-1 
and a  higher  leukocyte  count  (Table  3).  The 
subgroups were not significantly different in the 
other  biological  parameters,  or  in  the clinical 
and treatment characteristics, including the dia-
lysis dose. In the logistic regression, the ACEI 

use  was  significantly  associated  with  the 
sICAM-1  below  260ng/ml  (OR  20,  CI  95% 
1.97-203, p=0.002). 

In central venous catheter (CVC) patients 
there was a tendency, although not statistically sig-
nificant, for a higher sICAM-1 (Table 4): all central 
venous  catheter  patients  had  serum  SICAM-1 
levels higher than 250 ng/ml. There were no statist-
ically  significant  differences  between  the  two 
groups (CVC vs. non CVC group) in the CRP 
levels and in the leukocyte count.
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Table 4. Comparative characteristics of central venous catheter (CVC) and non-CVC groups

Parameter

CVC group
Average±SD/

Median(25-75 percentiles) /
Percent (n=5)

Non CVC group
Average±SD/

Median(25-75 percentiles) /
Percent (n=21)

p

Age, years 51 (47.8-63.8) 62 (55.5-63.8) 0.12

Male gender, n(%) 2 (40) 19 (90) 0.06

Dialysis vintage, years 3 (1.75-3.25) 2 (1-3.25) 0.6

Smoking (present/antecedent), n(%) 2 (40) 5 (23.8) 0.86

Body mass index, kg/m2 28.4 (22.2-35.2) 27.9 (25-30.2) 0.87

Abdominal circumference, cm 105 (86-112) 102 (98-110.8) 0.9

Predialysis systolic BP, mm Hg 140 (115-143) 140 (120-150) 0.62

Predialysis diastolic BP, mm Hg 80 (67.5-90) 80 (70-80) 0.64

ESA treated, n(%) 4 (80) 19 (90) 0.88

ESA dose, U/week 6000 (750-9000) 3000 (2000-6000) 0.81

ESA/Hb, (U/week)/g 392 (68-935) 280 (176-595) 0.76

Insulin treated, n(%) 4 (80) 16 (76) 0.69

Antihypertensive treatment, n(%) 5 (100) 17 (81) 0.71

ACEI, n(%) (%yes) 4 (80) 11 (52) 0.52

sICAM-1, ng/ml 294 (271-430) 264 (236-312) 0.1

Total cholesterol, mg/dl 177.5 (165-205) 155 (149-177) 0.12

Triglycerides, mg/dl 253 (199-297) 215 (140-312) 0.6

Albumin, g/dl 3.9 (3.75-3.9) 3.8 (3.6-4.1) 0.62

CRP, mg/l 3 (3-4.5) 3 (3-7.5) 0.43

Uric acid, mg/dl 5.3 (5.08-7.2) 6 (5.3-6.7) 0.59

HbA1c% 6.4 (5.7-9.7) 6.4 (6.1-7.1) 0.87

Creatinine, mg/dl 8.2 (6.25-9) 8.1 (6-9.3) 0.82

Kt/V 1.3 (1.25-1.43) 1.4 (1.3-1.43) 0.6

Hemoglobin, g/dl 11.1 (10-13.7) 11 (10.3-12) 0.63

Thrombocyte countx103/mmc 198 (192-216) 190 (144-238) 0.6

Leukocyte count/mmc 7900 (6975-8525) 6900 (6375-8125) 0.5

Legend: Numeric variables are expressed as averages ± standard deviations for normally distributed variables and median 
(25-75 percentiles) for the abnormally distributed ones.
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Discussion

The serum sICAM-1 levels found in the 
current study are close to those reported by pre-
vious studies (7, 9, 10). 

In our group, sICAM-1 levels were sig-
nificantly  associated  with  clinically  manifest 
cardiovascular disease. Several studies have ad-
dressed the role of the sICAM-1 in the patho-
genesis and progression of atherosclerosis. Cell 
adhesion  molecules  regulate  attachment  of 
leukocytes  to  the  endothelium,  an  important 
step in the migration of leukocytes to the sites 
of inflammation. Macrophages and endothelial 
cells  produce  sICAM-1  as  a  response  to  the 
proinflammatory  cytokine  action.  Stimulated 
endothelial  cells secrete cytokines, amplifying 
the  inflammatory  cascade and being  the  first 
step in the atheroma plaque formation. Though 
the exact action mechanism of these molecules 
is not completely clear, cell adhesion molecules 
are useful as endothelial activation and vascular 
inflammation markers (11, 12).

ICAM-1 has been studied as a cardi-
ovascular  morbidity  predictor  in  apparently 
healthy patients, or in other words as a marker 
of incipient atherosclerosis (13). The interest in 
its role as a cardiovascular risk marker in dia-
lysis patients is more recent. Papagianni et al 
found a significant association of the sICAM-1 
with subclinical atherosclerosis as well as with 
clinically manifest cardiovascular diseases, but 
diabetic patients were excluded from the study. 
It  is well  known that  sICAM-1 levels are in-
creased  in  diabetic  and  hypertensive  patients 
compared  to  the  healthy  ones.  The utility  of 
sICAM-1 in assessing the cardiovascular risk in 
diabetic  hemodialysis  patients  has  been  less 
studied. In a search conducted on PubMed us-
ing as a key word sICAM-1, diabetes and dia-
lysis, no study with this aim was identified. 

The positive correlation between the ESA 
dose and sICAM-1 found in our study was weak 
and larger studies are needed to clarify the associ-
ation between ESA and sICAM-1 in diabetic dia-

lysis patients. A positive correlation would, appar-
ently, be in contradiction with in vivo (14) and in 
vitro (15) studies, showing that erythropoietin re-
duces the expression and level of the sICAM-1. 
Nevertheless,  the  sICAM-1  weakly  positively 
correlated with  the ESA/hemoglobin  ratio,  that 
expresses the erythropoietin resistance and it  is 
probably linked to the ESA resistance induced by 
inflammation. Sezer 2004 (16) described a signi-
ficant association between the sICAM-1 and the 
erythropoietin dose in dialyzed patients with an 
inflammatory syndrome. 

The positive correlation between glyc-
ated  hemoglobin  and  sICAM-1  is  consistent 
with  data described in diabetic patients without 
renal failure, showing that diabetes mellitus de-
compensation induces an increase in cell adhe-
sion molecules synthesis (17), but no data has 
yet  been  published  about  the  relationship 
between sICAM-1 and glycated hemoglobin in 
diabetic dialysis patients.  

ACEI treated patients had lower levels of 
sICAM-1. The ACEI treatment was shown to be as-
sociated with a reduction in the sICAM-1 in coron-
ary artery disease patients (18, 19) and with a reduc-
tion in other inflammation markers in cerebrovascu-
lar disease patients (20), but the association has not 
yet been described  in dialysis patients. 

All patients with central venous cathet-
ers  had  levels  of  sICAM-1  higher  than  250 
ng/ml. This was unlikely to be caused by cath-
eter  infection,  since  the  CRP  and  leukocyte 
counts were similar in catheter and fistula pa-
tients and one of the exclusion criteria was act-
ive infection. The status of central venous cath-
eter bearer might  in fact be a marker  of pro-
thrombotic state (in patients with multiple ante-
cedents of thrombosed arterio-venous fistulas) 
and,  indirectly,  a  marker  of  endothelial  dys-
function. There are very few studies (2 search 
results  on  PubMed:  Zohny  2008  (21)  and 
Chang 2009  (22))  regarding  the  relationship 
between the ICAM-1 (sICAM-1 and ICAM-1 
expression respectively) and the arterio-venous 
fistula  thrombosis.  These  papers  identified 
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ICAM-1 as a predictor of arterio-venous fistula 
thrombosis.  This is to be confirmed by future 
research. The extent to each an increase in ad-
hesion molecules levels as a predictor of fistula 
thrombosis  should  prompt  interventions,  as  a 
Doppler  ultrasound,  fistulography,  anticoagu-
lant treatment or interventional treatment on the 
fistula is yet to be shown. 

A limitation of the current research is 
the relatively low number of patients included. 
Still, this is the first study addressing sICAM-1 
in diabetic hemodialysis patients as a clinically 
manifest  cardiovascular  disease  marker.  Our 
results  draw  attention  to  possible  therapeutic 
implications  of  interactions  between  an  en-
dothelial dysfunction marker and clinically ap-
parent cardiovascular disease. 

Conclusions

Clinically manifest cardiovascular disease 
in diabetic hemodialysis patients is associated with 
increased levels of sICAM-1. ACEI treatment is 
associated with lower levels of sICAM-1. 
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Abbreviations

ACEI=angiotensin converting enzyme inhibitor
BP=blood pressure
CAD=coronary artery disease 
CRD=cerebrovascular disease 
CRP=C reactive protein CVC=central venous 

catheter 
CVD= clinically manifest cardiovascular disease 
ESA/Hb=ratio between the weekly ESA dose and 

hemoglobin (english language version)
ESA=erythropoesis-stimulating agents 
HbA1c=glycated hemoglobin 
HDL=high-density lipoprotein cholesterol 
ICAM-1=intercellular adhesion molecule 1
Kt/V= parameter used to quantify the dialysis dose, 

where K=dialyzer clearance coefficient, 
t=dialysis time and V=urea distribution 
volume

PAD=peripheral arterial disease 
sICAM-1=soluble intercellular adhesion molecule 1 
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