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Abstract
Background and aim: Hemodialysis (HD) patients are exposed to persistent inflammatory state. Erythropoietin resistance is known to be strongly associated with chronic inflammation. Aim of the study was to analyze the effect of
elevated inflammatory markers on hemoglobin levels and rhEPO requirements in stable patients of our hemodialysis
center.
Patients and methods: The study population consisted of 42 patients, 19F/23M, mean age 54.5±12.0 years. C-reactive
protein (CRP), interleukin-6 (IL-6), hemoglobin (Hb), ferritin and left ventricular mass index (LVMi) were recorded.
Group 1 consisted of 10 patients with Hb ≤ 10 g/dl, mean 8.3±1.2 g/dl and Group 2, of 10 patients with Hb ≥ 10 g/dl,
mean 12.6±1.91 g/dl. None of these 20 patients had been previously treated with rhEPO. Group 3 consisted of 22 patients with mean Hb 10.1±1.5 g/dl after treatment with rhEPO.
Results: Group 1 patients had significanty higher IL-6 concentrations than Group 2 (5.21±3.94 vs 3.03±3.64,
p < 0.03). Group 3, treated with rhEPO had IL-6 concentrations significantly lower compared to Group 1 (1.15±3.81
vs 3.03±3.64, p < 0.05). HD pts in Group 1 presented significantly higher CRP concentrations compated to pts of
Group 2 and 3 (23.1±9.1 vs 7.02±8.7 and 7.89±9.6 respectivly, p < 0.05). A negative correlation was demonstrated
between IL-6 and Hb level (r: 0.33 p < 0.05).
Conclusions: A better management of anemia might improve inflammatory state and survival in this population. Hippokratia 2008; 12 (3): 153-156
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Patients with chronic renal failure (CRF) undergoing
hemodialysis (HD) are exposed to persistent inflammatory state, as shown by elevated interleukin-6 (IL-6) and
tumor necrosis factor α (TNF-α) plasma concentrations.
Erythropoietin resistance is known to be strongly associated with chronic inflammation.
Malnutrition and inflammation are non-traditional
risk factors for the increased incidence of cardiovascular
disease in hemodialysis patients. Anemia is a major risk
factor in patients with CRF and correction of renal anemia decreases cardiovascular mortality and co-morbidity. In patients with CRF, the compensatory mechanism
that increases the generation of erythrocytes is impaired
because the control of endogenous erythropoietin production in the kidney appears to be impared. Other factors causing anemia in hemodialysis petients are chronic
blood loss, iron deficiency, a reduction in erythrocyte survival time and impaired erythropoiesis1-3.
Coexistence of renal and cardiac disease is associated with high morbidity and mortality. This pathophysiological condition, in which combined cardiac and renal
dysfunction amplifies a progression to the failure of the
individual organ, has been denoted as cardio- renal ane-

mia syndrome. The chronic inflammatory state present in
both, chronic renal failure and cardiac failure, can cause
oxidative stress and renin secretion which is stimulated
by cytokines4.
Aim of this study was to analyze the effects of inflammatory markers (IL-6, TNF-α and CRP) and rhEPO
requirements in hemodialysis patients.
Patients and methods
The study population consisted of 42 patients,
19F/23M, age 54.5 ± 12 years, dialysis duration 59.6 ±
42 months. Patients were included last 6 months, laboratory values: CRP, IL-6, TNF-α, ferritin, intact parathyroid hormone (iPTH), calcium (Ca++), phosphate (P),
albumin, hemoglobin (Hb), lipid parameters (triglyceride, total cholesterol, HDL-cholesterol, LDL- cholesterol), creatinine, and clinical findings: body mass index-BMI, systolic blood pressure (SBP), diastolic blood
pressure(DBP), left ventricular mass index (LVMI) were
recorded and analyzed retrospectively. Group 1 consisted of 10 patients with Hb ≤ 10g/dl (mean Hb 8.3 ± 1.2
g/dl) and Group 2 of 10 patients with Hb ≥ 10g/dl (mean
Hb 12.6 ± 1.9 g/dl). None of these 20 patients had been
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previously treated with rhEPO. Group 3 consisted of 22
patients with mean Hb 10.1 ± 1.5 g/dl after treatment
with rhEPO. These patients had been on rhEPO treatment for > four months. All patients were dialyzed with
bicarbonate solution. Dialysis was performed three times
weekly for 3-4 hours.
The patients were dialyzed with different membranes,
(mainly cuprophane or polysulfone). Blood samples for
the biochemical evaluation were drawn in the predialysis
time. Serum iPTH was measured on automatic Bayer luminiscens system Model ACS180, by “ two-site sandwich
immuno-assay”. The normal range of values considered
to be 10 to 65 ng/L. Plasma concentrations of IL-6 and
TNF-α were measured in duplicate by Immunotech immunoassays ( IM1120, IM11120 Beckman Coulter TM)
in serum samples. This ELISA is a one immunological
step sandwich type assay. Plasma concentration of hsCRP
was measured by Olympus (Latex) assay on the Olympus
AU400 analyzer. Serum calcium, phosphate, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides
were measured by routine assay using an autoanalyzer.
BMI was expressed as kg/m². SBP and DBP were measured at the beginning of each dialysis session and their
values reported as monthly mean. We used standard Doppler echo examinations to determine of left ventricular
mass index (LVMI).

Figure 1: Inflammatory parameters in hemodialysis patients.

Plasma level of IL-6 in all patients studied was 4.25±
3.85 pg/dl. In Group 1, with Hb < 10g/dl, without rhEPO
therapy, patients had an IL-6 concentration of 5.21 ± 3.94
pg/dl. This was significantly higher (p: 0.03) than in untreated patients with Hb ≥ 10g/dl (3.03 ± 3.64 pg/dl). In
Group 3, treated with rhEPO patients had IL-6 plasma
concentration of 1.16±3.82 pg/dl, which was significantly lower (p < 0.05) than in Group 1 (Hb < 10 g/dl)
without rhEPO therapy, but not significantly different
from Group 2 (Hb ≥ 10 g/dl) without rhEPO therapy. The
TNF-α plasma concentration in all patients studied was
2.17 ± 1.58 pg/dl. Group 1, patients showed no difference in TNF-α plasma concentration (3.26 ± 1.63 pg/dl)
in comparison with Group 2 ( 2.12 ± 2.04 pg/dl) (Figure 1). The Group 3 patients, treated with rhEPO, had an

Statistical Analysis
Descriptive statistics are expressed as mean ± SD.
Statistical analysis was performed using the Student’s t
test for paired data and Pearson΄s correlation test. Differences were considered
significant when p < 0.05. Table 1: Baseline characteristics and some biochemical parameters of HD patients
Results
Table 1 shows baseline characteristics of the
participants. There were
no significant differences
in regard to gender and
iPTH, ferritin, Ca++, and
P among the three groups.
The other biochemical
and cardiovascular parameters are shown in Table 2.
Patients in the Group 3 had
a significantly lower blood
pressure (both systolic and
diastolic), and LVMI compared with the patients in
the Group 1. In addition,
albumin level was lower
in the Group 1 compared
with the patients in the
Group 3.
Figure 1 shows the
plasma concentrations of
the inflammatory markers.

Values are presented as mean±SD.

Table 2: Comparison of biochemical and nutritional parameters in hemodialysis patients

Values are presented as mean±SD
*p < 0.05 compared with group I.
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TNF-α plasma concentration of 1.89 ± 1.98 pg/dl which
differed significantly from that of Group 1 (p < 0.04)
but not Group 2. Comparison between the three groups
showed that the hemodialysis patients with Hb < 10 g/dl
had significantly higher plasma concentrations of CRP
(mean 23.1 ± 9.1 mg/L) than other hemodialysis patients
with Hb ≥ 10 g/dl or hemodialysis patients treated with
rhEPO therapy (mean 7.02 ± 8.7 mg/L vs mean 7.89 ± 9.6
mg/L, p < 0.05).
An inverse correlation was also demonstrated between both, plasma concentration of IL-6 and TNF-α
and Hb (r: - 0.62 p = 0.01).There was also an inverse
correlation between LVMI (r: – 0.33 p < 0.05) and Hb
level.
Discussion
The present data supports the hypothesis that inflammation is presented in the majority of HD patients. This
study confirms that inflammation is associated with an increased LVMI and decreased Hb level in ESRD patients.
We have also shown that the patients with higher inflammatory markers did differ significantly for nutritional (albumin level) and cardiovascular parameters (SBP, DBP
and LVMI). Patients with higher levels of inflammatory
markers had lower Hb level.
Several studies demonstrated protection against
inflammation by Epo administration. Animal studies
showed that Epo administration decreased the infiltration of inflammatory cells after spinal cord compression5.
Several clinical studies have demonstrated the protective
effects of Epo on cardiac function6. Regression of left
ventricular hypertrophy in anemic CRF patients treated
with Epo has been observed7.
It is evident that most of the classical risk factors
associated with a tendency to atherosclerotic disease
in the general population also play a role in HD patients. Two factors (malnutrition and inflammation)
were identified in many clinical studies. It is well
recognized that malnutrition and hypoalbuminemia
are important predictive factors of mortality in patients with ESRD. In addition, high concentrations of
the acute-phase protein CRP are strongly associated
with death within 1 year in pre-dialysis patients and
in dialysis as well8,9. Left ventricular hypertrophy is a
major cardiovascular complication and an important
predictor of mortality in ESRD patients. Inflammatory markers and LVMI are interrelated and combine
adversely to enhance the mortality and cardiovascular
death risk of ESRD patients10,11.
Nutritional parameters were better in group with rhEPO therapy. Similar results have been reported by other
investigators. Albumin, a classical marker of nutritional
status, also reflects systemic inflammation. Our results
show that patients with havier anemia had higher levels of
IL-6 and TNF-α. Those patients were malnourished and
their nutritional parameters were bad. High blood pressure and cardiovascular complications were frequently
seen in malnourished HD patients12-15.
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It follows that a substantial part of the inflammatory
state is due to renal anemia. Total correction of anemia
led to significant decreases in the plasma concentrations
of the inflammatory cytokines, IL-6 and TNF-α. Gouva et
al showed that treating anemia in early renal failure stage
slows progression of renal failure16.
It is now known that chronic inflammation increases
the risk of premature atherosclerosis and cardiovascular
disease in patients with CKD4. Correction of anemia in
HD patients and some nutritional parameters improve
inflammatory state and decrease plasma concentration
of inflammatory cytokines and other parameters which
contribute of cardiovascular disease9,16-18.
The present study suggests that the increase of inflammation in HD patients could be associated with anemia, where the nutritional status plays a role as one of the
components of cardiorenal anemia syndrome.
Anemia and epoetin therapy is influenced by a variety of factors such as inflammatory markers, nutritional
status, and cardiovascular parameters. Patients who had
higher plasma levels of inflammatory markers showed
lower hemoglobin levels than those with lower level of
inflammation11,12.
Moreover, elevated inflammatory cytokines and acutephase proteins, resulting from malnutrition-inflammation
complex, may contribute to the maintenance of anemia
in hemodialysis patients. Malnutrition and inflammation
may also limit erythropoesis in patients receiving rhEPO
for the correction of anemia. In conclusion, therapy with
rhEPO has led to improvements in cardiovascular function and reduced LVMI in HD patients.
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