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C-reactive protein and hemodialysis treatment

Soska V.', Sobotova D.?
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SUMMARY

Objective: To identify if a single hemodialysis session or long-term (one year) hemodialysis treatment influences serum
C-reactive protein (CRP) level in patients with chronic renal failure.

Settings: Department of Clinical Biochemistry, St. Anna’s Faculty Hospital, Brno, Czech Republic.

Methods: A total of 27 patients on maintenance hemodialysis (bicarbonate hemodialysis with hemophan membrane)
were included in the study. Their chronic dialysis protocol consisted of 3-4 hours sessions three times a week. Plasma
CRP concentration, blood leukocyte differential counts and albumin were determined by routine methods. Blood sam-
ples were taken before and after a single hemodialysis sessions at the start of the study, and after 12 months of regular
hemodialysis treatment. Two-factor analysis of variance in parametrically ordered data and the Wilcoxon paired test for
non-parametrically ordered data were used.

Results: The mean CRP level after a 4-hour hemodialysis session was significantly higher than that before hemodialysis
(12.3 £ 2.22 and 9.9 + 2.12 mg/l, p < 0.01). No significant changes in mean CRP levels were found after 12 months of
regular hemodialysis treatment in comparison with CRP levels at the start of the study (8.6 + 2.83 and 9.9 + 2.12 mgl/,
p=0,191).

Conclusion: Our study corroborates the hypothesis that the hemodialysis procedure itself can affect inflammation markers
(CRP), but CRP level does not depend on the length of time of regular hemodialysis treatment.
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SOUHRN

Soska V., Sobotova D.: C-reactivni protein a hemodialyzacni terapie

Cil prace: Posoudit vliv jednorazové hemodialyzy a dlouhodobé pravidelné hemodialyzacni Iécby (1 rok) na hladinu
C-reaktivniho proteinu (CRP) u pacientd s chronickym renalnim selhanim.

Nazev a sidlo pracovisté: Oddéleni klinické biochemie, FN u sv. Anny v Brné.

Material a metody: Do sledovani bylo zavzato celkem 27 nemocnych podstupujicich pravidelnou hemodialyzu (bikarbo-
natova hemodialyza, membrana hemophan). Dialyzy probihaly po dobu 3—4 hodin 3krat tydné. Plazmaticka koncentrace
CRP, albuminu a diferencialni rozpocet leukocytli byly stanoveny bé&znymi rutinnimi metodami. Krev na vySetfeni byla
odebrana pfed hemodialyzou a po hemodialyze na poc¢atku sledovani a znovu po 12 mésicich pravidelné hemodia-
lyzacni lécby. K vyhodnoceni byly pouzity parové pfistupy statistické analyzy: dvoucestna analyza rozptylu (ANOVA)
u parametricky rozloZzenych dat a Wilcoxondv parovy test pro neparametricka data.

Vysledky: Pramérna koncentrace CRP byla po jednorazové hemodialyze signifikantné vyssi, nez pfed hemodialyzou (12,3
+2,22a9,9 +2,12 mg/l, p < 0,01). Po 12 mésicich pravidelné hemodialyzy nebyl nalezen signifikantni rozdil v hladiné
CRP ve srovnani s hodnotou na pocatku sledovani (8,6 + 2,83 2 9,9 + 2,12 mg/l, p = 0,191).

Zaveér: Vysledky podporuji hypotézu, ze aktivaci mediatora zanétu (CRP) muze ovlivnit jednorazova hemodialyzaéni
procedura, hladina CRP vS§ak nezavisi na délce trvani chronické hemodialyzaéni 1é¢by.

Klicova slova: ateroskleréza, chronické selhani ledvin, C-reaktivni protein, hemodialyza, zanét.

Introduction

It has been demonstrated that patients on hemodia-
lysis (HD) are at a high risk of cardiovascular disease
[1]. As atherosclerosis is a multifactor disease, this risk
may be the result of both classic risk factors (dyslipi-
daemia, hypertension, smoking, diabetes) and newly
established risk factors (oxidative stress, lipoprotein
(a), homocysteine, hypercoagulation, low paraoxonase
activity etc. [2]. One of the most important factors in the
onset and progression of atherosclerotic lesions is the
inflammation — and atherosclerosis itself has inflam-
matory origins [3]. Inflammation can induce endothelial
dysfunction leading to vascular damage and to athe-
rosclerotic lesions [4]. As the C-reactive protein (CRP)
is an excellent marker of systemic inflammation, its
increased values, indicating inflammatory response, are
linked to a higher risk of cardiovascular disease [5, 6].

It has been demonstrated that uremia and HD are as-
sociated with chronic inflammation, and increased CRP
level has been found to be an important predictor of
cardiovascular mortality even in patients with end-stage
renal disease and HD patients [7, 8]. There is no doubt
that the CRP serum level is higher in hemodialysed
patients in comparison with healthy subjects, and it
has been found that CRP is significantly higher in HD
patients than in patients on peritoneal dialysis [9, 10].
But it is not clear yet whether the dialysis procedure
itself significantly contributes to the inflammation,
and if CRP level depends on the duration of dialysis
treatment.

The objective of this study was to compare serum
CRP levels before and after HD session in patients
on chronic HD treatment, and to compare CRP levels
after 1 year of regular HD with the concentration at
the start of the study.



Methods

Patients and blood collection

27 patients (9 males, 18 females) undergoing
regular maintenance HD were included into the study.
Their mean age was 63.5 years (with a range of 30
to 78 years) and they had been on chronic HD for
3.5 + 2.9 years (with range from 1 to13 years). Their
chronic dialysis protocol consisted of 3—4 hours/three
times a week depending on residual renal function.
Renal failure was caused by glomerulonephritis
(n = 9), tubulointerstitial nephritis (n = 7), diabetic
nephropathy (n = 5), polycystic liver and kidney disease
(n = 4), and pyelonephritis (n = 2). Patients included
into this study underwent bicarbonate HD with hemo-
phan membrane (GFS+16, GAMBRO, Lund, Sweden).
Standard unfractionated heparin as an anticoagulant in
the dose 3000—-5000 1U was used. All patients received
phosphate binders, recombinant human erythropoetin
(4000-8000 IU/week), and low i. v. doses of iron (the
iron supplementation was not carried out before blood
sampling at the day of the study). The patients were
treated with antihypertensive drugs (ACE inhibitors,
beta-blockers, calcium channel inhibitors, diuretics).
None of the patients showed signs of systemic infection
(leukocytosis or fever) 10 days prior to blood sampling
for laboratory analysis. None of them underwent sur-
gery in the previous 10 days before examination. Each
patient gave his informed consent to the participation
in the study.

Analytical procedures: Heparinised blood samples
were drawn from an arterio-venous shunt at the begin-
ning and at the end of the HD procedure. The blood leu-
kocyte counts and differential counts were determined
using Coulter STKS (Coulter, England). Plasma CRP
levels were measured using the nephelometric assay
(wide range CRP assay, Scill), albumin concentration
using bromcresol green method (Pliva-Lachema) with
ADVIA 1650 analyser (Bayer). All parameters were
analysed at the start of the study (T ) and after the 12"
month of regular HD treatment (T,).

Statistical analysis: All values are expressed as
the mean + SD. All variables were tested for Gaussian
distribution with the Kolgomorov-Smirnov and Shapiro-
-Wilk tests. For parametrically ordered data (albumin,
blood leukocyte counts) two-factor analysis of variance
(paired ANOVA) was used for the evaluation of the HD
effect (before and after HD) and for the differences in
time (T, T,). For non-parametrically ordered data (CRP)
Wilcoxon paired test was used. Differences at p-value
< 0.05 were considered statistically significant.

Results

Patients: 1 patient died during the study, 3 under-
went renal transplantation, one switched to peritoneal
dialysis. One patient was excluded because of obvious
inflammatory conditions at the time of the second exa-
mination (1 year). 21 patients underwent the second
follow-up examination after 1 year of regular HD
treatment (T1).

Table 1 compares the results of laboratory
data before and after HD session at time T (at the
beginning of the study), table 2 shows the results
(before and after HD session) at time T, (1 year of
regular HD treatment). Non-significant changes
both in total leukocyte counts and in absolute neu-
trophil numbers in the blood were found after HD
treatment in comparison with the predialysis status
both at T, and in T,. The leukocyte and granulocyte
counts did not change significantly at times T and T,
(p = 0.653 and 0.756 respectively). The mean CRP
level increased significantly after the 4-hour HD session
atT (P =0.003) and at T, (p = 0.004) in comparison
with the predialysis level. The predialysis CRP level
was not changed at T, in comparison with that at T
(p = 0,191). The serum albumin concentration after
single HD sessions showed significant elevation due
to hemoconcentration during HD. When predialysis
albumin concentrations at T and T, were compared,
a significant decline after 1 year of regular HD program
was found (39.2 + 0.50 vs. 37.6 + 0.78; p = 0.002).

Table 1. Summary of the results of laboratory analysis in hemodialyzed patients before and after hemodialysis session at time T (at the

beginning of the study)

Before hemodialysis After hemodialysis P-values
Leukocytes (10%1) 7.44 +0.41 7.08 + 0.40 n.s.
Granulocytes (10%1) 4.99 +0.33 4.99 +0.37 n.s.
C-reactive protein (mg/l) 9.9+212 12.3+2.22 < 0.01
Albumin (g/l) 39.2+ 0.50 41.0+0.92 < 0.05

Data are expressed as the mean + standard deviation.

Table 2. Summary of the results of laboratory analysis in hemodialyzed patients before and after hemodialysis session at time T, (after 1

year of regular hemodialysis treatment)

Before hemodialysis After hemodialysis P-values
Leukocytes (10%1) 6.97 + 0.32 6.57 + 0.47 n.s.
Granulocytes (10%1) 4.92 +0.31 4.89 = 0.41 n.s.
C-reactive protein (mg/l) 8.6 +2.83 10.8 £ 3.12 < 0.01
Albumin (g/l) 37.6 + 0.78" 40.1 +1.26 < 0.01

Data are expressed as the mean + standard deviation; T - significant difference of T, vs. T, at p < 0.01.
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Discussion

The present study showed that a 4-hour HD ses-
sion could induce a significant increase in serum CRP
concentration when compared with the predialysis
level. The HD procedure itself may contribute to the
inflammation, as these patients’ blood is in regular
contact with the poorly biocompatible materials (HD
membranes), and also with the nonsterile dialysis
solution [12, 13]. This contact can result in the activa-
tion of leukocytes and complement with subsequent
release of pro-inflammatory mediators. This theory is
corroborated by a decrease in CRP level after swit-
ching the water purification system from deionisation
to reverse osmosis [14]. Thus the dialysis procedure
itself could be responsible for the inflammatory reac-
tion in the vascular bed. Significantly elevated plasma
concentration of several inflammatory markers was
described by Liang after a single HD session [15].
A significant increase in procalcitonin (as a marker of
micro-inflammation) after 4 hours of HD in comparison
with that at the start of the session, was also reported
[16]. On the other hand, no significant changes in
CRP and serum amyloid A levels after a HD session
in comparison with predialysis values were reported
[9, 16]. Some authors therefore suggested that the
contribution of the dialysis procedure itself is not likely
major factor initiating the inflammatory state becau-
se of the high incidence of predialysis inflammation
[17, 18]. Thus the increase of CRP at least in part
could be explained by hemoconcentration after dia-
lysis as obvious from albumin level increase.

The existence of a correlation between the CRP
level and the HD treatment duration is also not cer-
tain yet. In the present study we found no significant
changes in CRP concentration after one year of HD
treatment in comparison with that at the start of the
study. In some studies, the induction of increased
CRP concentration was reported only after the very
start of chronic HD, and CRP levels were only related
to the renal function during predialysis chronic renal
failure [19, 20]. On the contrary, a significant correlation
between CRP levels and the length of dialysis sessions
was described, and no significant differences in CRP
concentration between healthy subjects and patients
with uncomplicated uremia on conservative therapy
were found [21]. Elevated CRP may also be connected
with malnutrition and it has been documented that
a strong correlation between inflammatory markers and
indicators of malnutrition (albumin concentration) exists
in HD patients [22, 23]. In our study, the predialysis
serum albumin concentration at the start of the study
was within reference values but we found a significant
decline after 1 year of regular HD.

The results of our study corroborate the hypo-
thesis that HD procedure itself can induce CRP
elevation, but CRP level does not depend on the
length of time of regular hemodialysis treatment
(it returns to the initial level in the period between
HD) as no CRP changes were found after 1 year of
regular HD treatment.
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Patobiochemie diabetu typu 2 (choroba s dvojim defektem)

Diabetes jako choroba s dvojim defektem je
charakterizovana inzulinovou rezistenci a poruchou
funkce beta-bunék. Glukdza pochazejici ze sacha-
ridd v pfijimané potravé a z glukdzy uvolfované
z jater, je regulovana inzulinem. Diabetes typu 2
je dusledek porusené rovnovahy mezi citlivosti na
inzulin a sekreci inzulinu. U diabetu chybi adekvatni
regulace tvorby glukézy adekvatni sekreci inzulinu,
coz vede k nadprodukci glukézy pochazejici z jater,
ke snizenému vychytavani kosternim svalstvem;
k tomu pfistupuje zrychlené vyprazdrovani zaludku
a nadmérna lipolyza v tukové tkani. Po urcité dobé
pankreatické beta-buriky nedokazi secernovat zvy-
Sené mnozstvi inzulinu; dochazi ke glukézové intole-
ranci, inzulinové rezistenci a posléze ke klinickému
obrazu diabetu typu 2.

S inzulinovou rezistenci jsou pak sdruzeny rGizné
klinické syndromy jako diabetes typu 2, obezita,
kardiovaskularni choroby, arterialni hypertenze,
nealkoholova steatohepatitida, syndrom polycystic-
kych ovarii, urcité formy nadorovych onemocnéni,
spankova apnoe.

Patobiochemie diabetické dyslipidémie
Diabeticka dyslipidémie zahrnuje:
1. Hypertriacylglycerolémii
2. ZvySeny podil malych denznich LDL
3. Snizeni HDL
4. Postprandialni lipémii
Za vétSinou téchto abnormalit stoji kaskada patolo-
gickych kroku navozena spolecné inzulinovou rezisten-
ci a dysfunkci enzymu lipoproteinové lipazy (LPL).
Inzulinova rezistence v adipocytech indukuje
nadmérnou lipolyzu aktivaci hormon-senzitivni
LPL. To vede ke zvySeni hladiny neesterifikovanych

mastnych kyselin (FFA) v krevni cirkulaci. FFA
jsou vychytany v jatrech, kde pod vlivem inzulino-
vé rezistence jsou pfi¢inou zvySeného mnozstvi
apolipoproteinu B (apo B) tim, Ze je potlatovana
jeho degradace. Jatra produkuji a exportuji vySsi
mnozstvi VLDL ¢astic bohatych na triacylglyceroly
(TG) a apo B. Za normalnich okolnosti VLDL podlé-
haji na endotelu cévni stény tukové a svalové tkané
lipolytickému ucinku LPL, uvolnéné FFA slouzi jako
energeticky zdroj pro svalovou praci, v adipocytech
jsou pak skladovany ve formé TG; VLDL c¢astice
se tak pfeménuji na LDL cCastice. Aktivaci LPL se
zvySuji téz HDL castice. U diabetu je vSak aktivita
LPL naru$ena, coz se podili na zvySeni VLDL ¢astic
bohatych na TG (VLDL-TG), dale na snizeni HDL
a na relativnim snizeni LDL ¢&astic.

Na téchto abnormalitach se uc¢astni téz ,chole-
sterol-ester transfer protein“ (CETP). PFfi zvySeni
VLDL-TG ucinkem CETP se TG pfenaseji na HDL
a LDL, a naopak cholesterol-estery putuji z HDL
a LDL na VLDL-TG. To znamenad, Ze diabetici se
vyznaduji zvySenymi hodnotami VLDL se soucas-
nym snizenim HDL a pfitomnosti ,malych denznich
LDL" vzniklych z VLDL bohatych na TG v jatrech.
Takto se vysvétluje patogeneze 3 slozek diabetic-
ké dyslipidémie. Ctvrtou — postprandialni lipémii
— charakterizuje pretrvavani chylézni plazmy po
poziti tukl a je zpUsobena jednak nedostate¢nou
aktivitou LPL (pomalé snizovani chylomikronémie),
jednak poruchou v odstrafiovani ,chylomikronovych
zbytk(“ jatry pro jejich nedostate¢né zachycovani
prostfednictvim specifického heparansulfat-pro-
teoglykanu.

Jaroslav Masopust
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