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Introduction  Anemia is a key problem in pa‑
tients with end‑stage kidney disease (ESKD) and 
a complex disorder determined by a variety of fac‑
tors.1 It is known that ESKD patients receiving 
hemodialysis (HD) as a renal replacement ther‑
apy demonstrate the deformability of red blood 
cells (RBC) and these abnormalities are worsened 
by the HD sessions.2

Sialic acids (SA), an  essential component 
of all cell membranes, play an important role 
in the maintenance of circulating cell membrane 
structure, permeability, integrity and survival.3‑4 
The SA levels have been frequently analyzed in se‑
rum of patients affected by infection, cancer and 
various inflammatory processes and high SA levels 

have been observed in these populations.4,5 Like‑
wise, the measurement of SA levels in erythrocyte 
membranes (EM) allows to detect their structur‑
al alterations. These abnormalities play a crucial 
role in the pathogenesis of some disorders, for 
example sickle cell anemia or malaria.5‑7

The results of the previous studies showed that 
uremic patients had decreased erythrocyte de‑
formability compared to healthy controls.2,8 More‑
over, median osmotic fragility was significantly 
increased in HD patients compared to controls. 
These findings aroused our interest in the EM 
content in patients on chronic HD treatment. It 
has been suspected that some potential abnor‑
malities could be related to anemia in HD patients. 
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Abstract

Introduction  Sialic acids (SA) located in erythrocyte membranes (EM) play an  important role 
in the survival of circulating red blood cells.
Objectives  The aim of the present study was to evaluate the SA content in EM obtained from pa‑
tients on chronic hemodialysis (HD) and to examine the relationships between SA and hematological 
parameters. Moreover, the effects of HD, treatment with human recombinant erythropoetin (epoetin), 
and some biochemical and hematological parameters were analyzed.
Patients and methods  The total protein (TP) and total sialic acids (TSA), together with SA bound 
with proteins (PBSA) and lipids (LBSA), were determined in EM of 72 HD patients and compared 
with the control group of healthy individuals (CG; n = 25). The adequacy of HD, weekly epoetin doses, 
mean arterial pressure (MAP), comorbidity score, serum levels of albumin, intact parathyroid hormone 
(iPTH), low‑density lipoprotein cholesterol (LDL‑cholesterol) were estimated in patients.
Results  Compared to the CG, HD patients had higher levels of TSA (p <0.001), PBSA (p <0.001), 
LBSA (p <0.001) and decreased TP levels (p <0.001). The TP (p <0.045) and PBSA (p <0.05) levels 
were higher in patients with diabetic nephropathy than in non‑diabetic HD patients. In HD patients 
there were correlations between TSA, PBSA in EM and some hematologial parameters. There were 
no relationships between the TSA, PB content in EM and variables such as HD, epoetin treatment, 
MAP comorbidity score, albumin, iPTH, and LDL‑cholesterol.
Conclusions  The results of the current study demonstrated there are significantly higher levels of 
TSA, PBSA, LBSA and lower TP levels in EM obtained from HD patients compared to healthy subjects. 
Comorbidity score, epoetin and HD treatment, MAP, iPTH, albumin and LDL cholesterol had no influ‑
ence on SA levels in EM of patients.
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sialic acid (TSA), SA bound with proteins (PBSA) 
and with lipids (LBSA). Moreover, hematological 
parameters were assessed: hemoglobin (Hb), red 
blood count (RBC), hematocrit (Ht), mean cor‑
puscular volume (MCV), mean corpuscular hemo
globin (MCH) and mean corpuscular hemoglobin 
concentration (MCHC). Likewise, in HD patients 
serum levels of albumin, LDL‑cholesterol, intact 
parathyroid hormone (iPTH), and mean arterial 
pressure (MAP), the adequacy of HD and Charl‑
son comorbidity score (CS) were assessed.9 A dose 
of epoetin β was expressed as the weekly units per 
body weight after dialysis (IU/kg/week).

Biochemical methods and kinetic modeling  Blood 
samples were drawn on a midday of a week, pri‑
or to HD in EDTA tubes, and after centrifugation 
supernatants were stored at −80°C until analysis 
of all biochemical parameters.

TP was measured by the Lowery method with fo‑
lin reagent.10 The TSA content was determined us‑
ing a colorimetric method.11 PBSA and LBSA were 
determined after chloroform methanol extraction, 
followed by protein precipitation by the Katapodis 
method.12 There was no need to repeat the mea‑
surement of SA content in EM and a single mea‑
surement was performed in this study.

Moreover, systolic and diastolic blood pressure 
were measured in patients before HD. The MAP 
was then calculated using the following formula 
(systolic + 2 × diastolic blood pressure)/3. The ad‑
equacy of HD was expressed as eKt/V calculated 
using the Daugirdas method.13

iPTH was measured with an immunochemi‑
luminescence method using the DPC iPTH assay 
with the IMMULITE 1000 automated immunoas‑
say analyzer. Other biochemical parameters were 
measured by standard automated techniques.

The Bioethical Committee of Scientific Research 
of Medical School in Lublin approved the project 
regarding measurements of SA content in EM 
in both groups (KE – 0254/132/2007).

Statistical analysis  Statistical analysis was per‑
formed using STATISTICA 7.1 (version for Win‑
dows, StatstSoft®, Kraków, Poland). The distri‑
bution of variables was analyzed using the Kol‑
mogorov‑Smirnov and W Shapiro‑Wilk tests 
to confirm normal distribution. All measured 
parameters were expressed as mean values ± 
standard deviation (SD) or median with inter
quartile range. The U‑test of Mann‑Whitney anal‑
ysis was used to compare levels of all measured 
parameters between HD patients and the CG be‑
cause of non‑normal distribution of the para
meters tested. The Spearman coefficient of cor‑
relation was used to determine the relationships 
between all studied parameters and the SA com‑
position in EM obtained in both groups.

The ANOVA Kruskal‑Wallis test was used to cal‑
culate the effect of the parameters such as gen‑
der, smoking and comorbidity in the study groups 
on the content of EM. Differences between both 
groups were considered significant at p <0.05.

The aim of the study was to evaluate the SA con‑
tent in EM obtained from HD patients and to ex‑
amine the relationships between SA and some 
hematological parameters. Moreover, potential 
associations of HD, anemia treatment, and other 
measured parameters with the forms of SA in EM 
analyzed in HD patients were sought.

Patients and methods  An observational 
study was conducted on a cohort of 72 patients 
(36 men and 36 women) with ESKD on  HD 
treatment. The patients were aged 25–89 years 
(mean age 63.8 ±14.8), with the mean duration 
of HD treatment of 30 ±12 months (range, 6–108 
months). Twelve patients smoked cigarettes. 
The causes of ESKD included chronic glomerulo‑
nephritis (n = 23), diabetic nephropathy (n = 20), 
tubulointerstitial nephritis (n = 12), hyperten‑
sive nephropathy (n = 8), polycystic kidney dis‑
ease (n = 4), and nephropathy of unknown ori‑
gin (n = 5). Fifty‑seven percent of the patients 
had arterial hypertension and were treated with 
calcium blockers, angiotensin‑converting enzyme 
inhibitors, and α- and β‑blockers achieving a sat‑
isfactory blood pressure control. Moreover, 29 
patients (40%) were treated with acetylsalicyl‑
ic acid (ASA). All patients received a 4 ±0.3‑hour 
HD treatment 3 times weekly with bicarbonate 
dialysate; low flux membrane dialyzers were re‑
used. The patient demographics and baseline char‑
acteristics are shown in TABLE 1.

The control group (CG) consisted of 25 healthy 
volunteers (12 men and 13 women) with a mean 
age of 56.1 ±7.7 years. The control subjects with 
normal blood pressure and no clinical signs of di‑
abetes mellitus, renal and cardiovascular diseases 
were recruited from hospital staff and blood do‑
nors who underwent health examination. Several 
biochemical measurements were made to elimi‑
nate from the CG subjects with any diseases which 
could influence the contents of the examined 
parameters in EM. Moreover, 14 healthy subjects 
(56%) smoked cigarettes.

In  both groups the  following parameters 
of the EM were measured: total protein (TP), total 

Table 1  Biochemical tests in hemodialyzed patients

Parameter Mean ± SD Range

eKt/V 1.5 ±0.4 0.7–2.3

comorbidity score 6.9 ±2.4 2–14

duration of HD treatment (months) 30 ±12 6–108

albumin (g/l) 37.1 ±3.1 27–44

MAP (mm/Hg) 90.6 ±12.5 67–120

LDL‑cholesterol (mg/dl) 97.1 ±38.4 34–262

iPTH (pg/ml) 361 ±327 22–1900

weekly epoetin β dose/kg 
body weight (IU/kg)

52.1 ±37.5 0–162

RDW 15.6 ±2.03 13.1–22.6

Abbreviations: eKT/V – adequacy of hemodialysis, HD – hemodialysis, iPTH – intact 
parathyroid hormone, LDL – low-density lipoprotein, MAP – mean arterial pressure, 
RDW – red distribution width, SD – standard deviation
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hematological parameters were observed. How‑
ever, it was found that in HD patients RBC pos‑
itively correlated with TSA (r = 0.25, p <0.001) 
and PBSA (r = 0.27, p <0.0005). Similarly, Hb pos‑
itively correlated with TP (r = 0.32, p <0.006), TSA 
(r = 0.21, p <0.008), and PBSA (r = 0.23, p <0.004). 
Moreover, Ht showed positive associations with 
TP (r = 0.32, p = 0.009), TSA (r = 0.24, p <0.004), 
and PBSA (r = 0.32 p <0.001). An inverse corre‑
lation was observed between MCV and the 3 fol‑
lowing variables, i.e. TP (r = −0.24, p <0.03), TSA 
(r = –0.23, p <0.04), and PBSA (r = –0.26, p <0.02). 
Additionally, there were significant inverse asso‑
ciations between MCH and such variables as TP 
(r = –0.23, p <0.04), TSA (r = –0.23, p <0.04), and 
PBSA (r = –0.25, p <0.03). There were no associ‑
ations between the parameters evaluated in EM 
and the following variables, i.e. eKt/V, epoetin β 
dose, and the duration of HD treatment. More‑
over, LDL‑cholesterol, albumin, iPTH, CS, and 
MAP had no influence on the examined para
meters in EM.

Discussion  The present study showed sub‑
stantial alterations in EM in chronic HD patients. 
Compared to the CG, the ESRD patients had sig‑
nificantly higher levels of TSA, PBSA and LBSA. 
The findings showed that HD treatment and ad‑
equacy of HD had no influence on the content 
of all the 2 variables studied in EM. It was demon‑
strated only in patients that some studied compo‑
nents of EM show significant positive correlations 
with hematological parameters. Associations be‑
tween Hb, RBC, Ht and both TSA and PBSA were 
observed. It might be speculated that due to ex‑
tremely high levels of SA, EM are more resistant 
to uremic toxins and HD treatment. Likewise, 
Szprynger et al.14 observed positive relationships 
between TSA, Hb, Ht in children on continuous 
ambulatory peritoneal dialysis (CAPD) and HD 
treatment. Moreover, the authors demonstrated 
that TSA positively correlated with the duration 
of renal replacement therapy. They concluded that 
elevated TSA levels in dialyzed children could be 
the result of non‑specific body response charac‑
terized by tissue and organ damage induced by ex‑
tracorporeal circulation (in the HD patients) or 
the presence of the dialysate solution in the peri‑
toneal cavity (in the CAPD patients).

The SA content that decreases with age is 
a physiological process and the measurement 
of SA in the EM is a tool to assess the age of RBC. 
Gafter et al.15 observed that mean SA in mem‑
branes were higher in immature RBC, including 
reticulocytes, in HD patients compared to mature 
RBC. The high TSA levels in EM of HD patients 
could result from measurement of SA in imma‑
ture fraction of RBC, whose production was stim‑
ulated by epoetin β. In the present study we did 
not observe any relationship between anemia 
treatment and the SA content in EM.

The RBC have the membrane protein skele‑
ton located at the membrane‑cytosal surface.16 
This structure participates in several membrane 

Results  In HD patients the mean TSA lev‑
el was 49% higher (p <0.001) than in the CG 
(TABLE 2). Likewise, the mean PBSA level was 52% 
higher (p <0.001) and that of LBSA 26% higher 
(p <0.001) than in the CG. Moreover, the mean TP 
level was 180% lower (p <0.001) than in the CG. 
No differences in mean levels of these parameters 
between men and women were observed in both 
groups. There were no differences between smok‑
ers and nonsmokers in the CG with regard to stud‑
ied parameters in EM. However, in smoking HD 
patients the levels of all studied parameters in EM 
were slightly higher than in non smokers. How‑
ever, these differences were not statistically sig‑
nificant, i.e. TP (p <0.08), TSA (p <0.06), PBSA 
(p <0.07), and LBSA (p <0.3).

Compared to diabetic HD patients, the TP and 
PBSA levels were significantly lower in non‑dia‑
betic subjects (301.5 ±144.8 µg/mg vs. 227.1 ±89.1 
µg/mg, p <0.045, and 84.3 ±35.98 µg/mg vs. 
68.2 ±24.2 µg/mg, p <0.05, respectively). There 
were no differences in mean levels of all para
meters determined in EM of patients treated and 
not treated with ASA. In the CG no relationships 
between the studied parameters in the EM and all 

Table 2  Morphological parameters and levels of total sialic acid, and protein- and 
lipid‑bound sialic acid in erythrocyte membranes in hemodialyzed patients and 
in the control group

Variable Control group 
n = 25 
Mean ± SD (range)

HD patients 
n = 72 
Mean ± SD (range)

p

age group (years) 63.8 ±14.8
(25–89)

56.1 ±7.7
(38–68)

<0.04

RBC (×1012/l) 4.2 ±0.2
(3.8–4.9)

3.6 ±0.5a

(2.5–5.8)
<0.01

Hb (g/dl) 14.4 ±1.6
(11.9–16.7)

11.1 ±1.1a

(8.8–14.8)
<0.001

Ht (%) 41.7 ±1.8
(38.6–45.6)

33.1 ±3.6a

(23.6–43.5)
<0.001

MCV (fl) 95.9 ±2.1
(88.1–98.8)

91.2 ±5.6a

(67.7–99.3)
<0.02

MCH (pg) 34.1 ±3.1
(29.4–38.9)

31.0 ±2.38a

(20.8–36.4)
<0.03

MCHC (g/dl) 35.6 ±3.2
(30.5–40. 4)

33.8 ±0.9a

(30.7–39.2)
<0.05

TP (mg/dl) 449.7 ±40.9 
(356.8–512.3)

249.8 ±113.4a

(55.5–658.8)
<0.001

TSA (µg/mg 
protein)

49.2 ±6.7a

(38.2–58.9)
100.8 ±35.5
(47.4–168.5)

<0.001

PBSA (µg/mg 
protein)

45.8 ±6.6a

(33.5–55.8)
88.0 ±34.0
(39.2–154.3)

<0.001

LBSA (µg/mg 
protein)

3.3 ±0.9a

(1.9–5.7)
12.7 ±2.6
(6.8–20.1)

<0.001

a  p <0.05 – statistically significant
Abbreviations: Hb – hemoglobin, Ht – hematocrit, LBSA – lipid-bound sialic acid, 
MCH – mean corpuscular hemoglobin, MCHC – mean corpuscular hemoglobin level, 
MCV – mean corpuscular volume, PBSA – protein-bound sialic acid, RBC – red blood 
cells, TP – total protein in the erythrocyte membranes, TSA – total sialic acids 
in the erythrocyte membranes
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higher in smokers than in the nonsmoking HD 
group. However, these differences were not sta‑
tistically significant.

ASA has been reported to induce disorders 
in the lipid‑protein matrix and membrane pro‑
tein conformation.23 We did not observe any dif‑
ferences in mean levels of all studied parameters 
in EM between patients treated and not treat‑
ed with ASA.

Megaloblastic macrocytic anemia is a disorder 
in which the RBC size is increased and the mac‑
rocyte is thicker than normal. This abnormality 
could be caused by vitamin B12 and foliate defi‑
ciencies with their potential association with al‑
tered SA content in EM. We observed negative 
relationships between TSA and PBSA and MCV 
and demonstrated no associations between RDW 
or MCHC and the EM parameters. These findings 
appear elusive. The design of this study was ob‑
servational and a size of HD patients’ group was 
limited. The study was focused on the whole RBC 
population with no analysis of the SA content 
in EM for the immature and mature RBC. Because 
of the cognitive character of the study, we deter‑
mined potential mechanisms involved in anemia 
observed in HD patients. Inflammation, which 
probably affects the SA content in EM in HD pa‑
tients, has not been examined.

In conclusion, the current study shows marked‑
ly higher levels of TSA and PBSA and LBSA, com‑
bined with low levels of TP in EM observed in HD 
patients compared to healthy subjects. The HD 
and epoetin β treatment, CS, albumin, iPTH, MAP 
and LDL‑cholesterol had no influence on the SA 
content in EM of HD patients. Due to extremely 
high levels of SA, RBC are more resistant to ure‑
mic toxins and HD treatment.
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Streszczenie

Wprowadzenie  Kwasy sialowe zlokalizowane w błonach erytrocytarnych (BE) są istotnym czynni‑
kiem determinującym przeżycie erytrocytów w krwiobiegu.
Cele  Celem badań wykonanych u chorych leczonych przewlekle hemodializami (hemodialysis – HD) 
była ocena wpływu terapii na stężenia w BE białka (total protein – TP), kwasów sialowych (total 
sialic acids – TSA), form związanych z białkami (protein‑bound sialic acids – PBSA) oraz z tłuszczami 
(lipid‑bound sialic acids – LBSA). Poszukiwano również zależności między oznaczanymi w BE związ‑
kami oraz leczeniem niedokrwistości za pomocą ludzkiej rekombinowanej erytropoetyny (epoetyna), 
wybranymi parametrami biochemicznymi oraz morfologicznymi krwi.
Pacjenci i  metody  Oznaczenia wykonano u 72 chorych leczonych HD oraz u 25 osób zdrowych 
(grupa kontrolna [GK], n = 25). Ponadto u chorych oceniono adekwatność HD, tygodniową dawkę 
epoetyny, średnie wartości ciśnienia tętniczego (mean arterial pressure – MAP), punktację choro‑
bowości, stężenie albuminy, parathormonu (intact parathyroid hormone – iPTH) oraz cholesterolu 
frakcji lipoprotein o małej gęstości (low‑density lipoprotein – LDL).
Wyniki  W porównaniu z GK w BE chorych stwierdzono istotnie wyższe stężenia: TSA (p <0,001), 
PBSA (p <0,001), LBSA (p <0,001) oraz niższe stężenie TP (p <0,001). Natomiast w grupie hemo
dializowanych osób z nefropatią cukrzycową zaobserwowano znamiennie wyższe stężenie TP (p <0,045) 
oraz PBSA (p <0,05) w porównaniu z chorymi hemodializowanymi bez cukrzycowej choroby nerek. 
Tylko u chorych obserwowano zależności między oznaczanymi w BE frakcjami kwasów sialowych: 
TSA i PBSA oaz wybranymi parametrami morfologicznymi krwi. Nie stwierdzono korelacji między 
zawartością TSA, PBA lub LBSA w BE a takimi zmiennymi jak HD, leczenie epoetyną, punktacją 
chorobowości, MAP oraz stężeniem albuminy, iPTH i cholesterolu LDL. 
Wnioski  Nasze badania wykazały, że BE chorych hemodializowanych zawierają istotnie wyższe 
stężenia TSA, PBSA, LBSA oraz niższe stężenia TP w porównaniu z osobami zdrowymi. Chorobowość, 
hemodializoterapia, leczenie epoetyną, MAP, iPTH, albumina ani cholesterol LDL nie miały wpływu 
na stężenia SA w BE badanych chorych.
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