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INTRODUCTION

CKD is emerging as a major public health problem globally.
Anemia is a well known and is a major complication of CKD.
Its presence is considered one of the hallmarks of chronicity of

renal disease and the degree of anemia correlates well with loss of renal
function.1 The role of chronic inflammation in the development of anemia
and erythropoiesis stimulating agents hypo responsiveness is now gaining
increasing attention as potential factors that might adversely affect patient
outcomes.2-3 Hyperparathyroidism, chronic inflammation, aluminium
toxicity and iron deficiency are major causes of  erythropoietin resistance
in CKD with anemia.

Inflammation in CKD could be due to bacterial or viral infections, surgical
trauma including vascular access surgery, heart failure and renal or
systemic inflammatory diseases.4 It leads to worsening anemia, resistance
to hormones such as erythropoietin and insulin, catabolism, and oxidative
stress. The inflammatory and reactive oxygen species systems, besides
enhancing each other, could lead to endothelial dysfunction, an important
predictor of long term prognosis.4 Therefore; the focus of ongoing
research is directed to look for various molecules which can reduce the
inflammation in CKD patients thereby decreasing excess morbidity
arising out of anemia and cardiovascular disease mortality. Potential
treatment strategies which have been advocated include selective
anticytokine therapy like anti-TNF-α antibodies, soluble TNF receptors
and IL-1, IL-6 receptor antagonists.3 Statins are also reported having
some role in reducing inflammation.5

Recognizing Hs-CRP as a cause of poor response to erythropoietin in
ESRD patients, there arises a need to decrease its levels with various
treatment options available. Further, as erythropoietin has been shown
to have anti-inflammatory effect, this study was planned to assess whether
there is chronic inflammation in cases of CKD undergoing maintenance
hemodialysis and erythropoietin has (if any) Hs-CRP lowering effect or
not.

MATERIAL AND METHODS
A total of 25 adult patients of CKD who were undergoing twice weekly
maintenance hemodialysis were included. A pre-informed consent was
obtained in every case. Patient’s baseline hemoglobin, total leucocytes

count, differential leucocytes count, Hs-CRP, and other baseline renal
parameters including blood urea, serum creatinine, serum uric acid, serum
calcium, serum phosphate, serum sodium, serum potassium and
Creatinine clearance were estimated. Patients were administered twice
weekly recombinant human erythropoietin 4000 I.U. s/c after 4 hours of
hemodialysis session along with injectable iron 100 mg in 100ml of
normal saline weekly. Patients were followed for 6 months and
hematological and renal parameters were assessed every 2 months. Hs-
CRP levels were reassessed after 6 months of rHuepo therapy. Data was
analyzed for change in Hs-CRP and hemoglobin concentration using
Paired student‘t’ test. Their correlation analysis was done using Pearson
correlation test.

RESULTS
The mean age of the patients was 43.28 ± 29.11 years. There were 20
men and 5 women. Hypertension was the most common cause of CKD
with 8 patients followed by chronic glomerulonephritis (7), diabetic
nephropathy (4), obstructive uropathy (3), autosomal dominant polycystic
kidney disease (2) and anylsis from (1) renal amyloidosis.

All patients had severe anemia and mean hemoglobin was 7.168 ± 0.9114
g/dL at the baseline with total leucocyte count of 10296 ± 4276.143 /
mm3. The various renal parameters at baseline, two months, four months
and six months are shown in table 1. The level of hemoglobin increased
significantly however it reached a plateau effect at two months as shown
in fig. 1. Hemoglobin rose from 7.168 ± 0.9114 g/dL at baseline to 7.984
± 1.673, 7.912 ± 1.619, 8.028 ± 1.001 g/dL at two, four and six months
respectively and rise was significant (p<0.05) at two, four and six months.

Mean baseline Hs-CRP values were within normal limits as defined in
KDQOI guidelines. Hs-CRP changed from 1.919 ± 0.7722 mg/L at
baseline to 1.702 ± 0.4444 mg/L at six months as shown in fig 2. The
difference was statistically non-significant (p > 0.05) indicating that twice
weekly erythropoietin therapy didn’t influence the Hs-CRP levels.
Further, correlation analysis was done between change in Hs-CRP levels
over the study period and Hemoglobin levels over the same period as
shown in fig 3. It shows that correlation between the variables was
statistically non-significant (‘p’ = 0.185, r = -0.274) at start and at six
months of study.

Hs-CRP levels were further assessed in three different age groups (at
baseline and at 6 months) of 20-40, 40-60 and 60-80 years to determine
the effect of age. However, there was no statistically significant effect
(‘p’ > 0.05). Data was further analyzed in males and females separately.
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It was observed that though mean values decreased from 1.890 ± 0.826
mg/L to1.663 ± 0.477 mg/L in the male participants and from 2.036 ±
0.564 mg/L to 1.696 ± 0.424 mg/L in the female participants, they were
not statistically significant (‘p’ > 0.05).

When Hs-CRP levels were subdivided into two groups with values less
than 2 mg/L  (group 1) and more than 2mg/L (group 2), Group 1 had 13
patients with mean Hs-CRP levels of 1.30 ± 0.36 mg/L and Group 2 had
12 patients with Hs-CRP levels of 2.58 ± 0.48 mg/L. It was observed
that Hemoglobin levels in Group 1 varied from 6.97± 0.94 g/dl at baseline,
to 8.13 ± 2.22 at 2 months, to 8.05 ± 2.14 at 4 months to 7.87 ± 1.29 g/
dL at six months. Similarly, Hemoglobin levels in group 2 varied from
7.37 ± 0.85 at baseline, to 7.82 ± 0.80 at 2 months, to 7.75 ±0.79 at 4
months to 8.19 ± 0.55 g/dL at 6 months. However, change in hemoglobin
was non-significant (‘p’>0.05) between the two groups as shown in fig
4.

Patients were evaluated for the development of complications of twice
weekly erythropoietin therapy. It was observed that 4 had deterioration
in their hypertension control. One patient had flu like episodes. In two
patients there was clot formation in the A-V fistula. None of the patients
developed seizures with the erythropoietin therapy during the course of
study period.

a result of accumulation of pro-inflammatory compounds or products of
metabolism. Inflammation and acute phase response interact with
hematopoietic system at several levels resulting in reduced erythropoiesis,
accelerated destruction of erythrocytes and blunting of the reactive
increase in erythropoietin in response to reduced hemoglobin levels.9

Cytokines also cause anemia by inhibiting erythropoietin secretion.10

Several inflammation biomarkers11 namely CRP, IL-6, Adiponectin, S.
Ferritin, TLC count, Intercellular adhesion molecule-1 (ICAM-1),
Vascular cell adhesion molecule (VCAM-1) and inflammatory molecules
with negative acute-phase reaction namely S. Albumin, S. Transferrin,
S. Iron, S. Fetuin have been defined for consideration as predictors of
outcome in ESRD. Among these Hs-CRP, which is a pentameric protein
synthesized in liver, opsonizes infection and activates complement has
attracted the most interest.7 CRP is secreted by liver and inflammation
causes a rapid increase in its serum concentration. It plays a role in host
defense by interacting with complement. Compared to measurement of
other markers of inflammation and the acute phase reaction, serum CRP
has several advantages. It is a simple, reliable, readily available and
inexpensive test. It is also a long term predictor of cardiovascular risk
and mortality in the general population and in CKD patients.4

Furthermore, high plasma concentrations of C-reactive protein (CRP)
have shown to be associated with anemia and ESA hypo responsiveness
in chronic hemodialysis patients.12

Erythropoietin has revolutionized the treatment of anemia associated
with CKD. However a proportion of patients treated with erythropoietin
respond poorly or not at all, and in a subset of these, no obvious cause
such as iron deficiency could be found. The interactions between different
inflammatory mediators and erythropoietin response appear to be
complex. Iain C. Macdougall,13 presented information regarding
nonerythroid effects of erythropoietin. EPO receptors have been detected
in many tissues, such as the brain and heart. EPO has been shown to
possess antiapoptotic effects in many (nonerythroid) cell lines. In view
of the increasing recognition of Hs-CRP as a cause of poor response to
erythropoietin in ESRD patients, there arises a need to decrease its levels
with various treatment options available. Further, as erythropoietin has
been shown to have anti-inflammatory effect, this study was planned to
assess whether twice weekly erythropoietin in patients undergoing
maintenance hemodialysis has any Hs-CRP lowering effect or not.

The results of this study indicated that erythropoietin had no significant
effect in lowering the inflammatory state. This finding may be related to
the fact that Hs-CRP observed at baseline were.
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Figure 4: Shows change in
hemoglobin in the two
subgroups of patients having
Hs-CRP > 2 and < 2 mg/L.

Figure 3: Shows correlation
between rise in hemoglobin &
fall in Hs-CRP levels after
erythropoietin therapy.

Figure 2: Shows Hs-CRP levels at
baseline & six months.

Figure 1: Shows hemoglobin levels
at baseline, two, four & six months
after erythropoietin therapy.

Table 1: Basic Parameters of Study Participants

DISCUSSION
The main cause of mortality and morbidity in CKD patients is
cardiovascular disease with an annual mortality rate of approximately
9% which is 10 to 20 fold higher than in general population, even when
adjusted for age, gender, race and the presence of diabetes mellitus.6 A
number of risk factors that provide rationale for the remarkable prevalence
of vascular disease in ESRD have been recently identified and amongst
these, inflammation has been the most important.7 Also inflammation in
ESRD has been found to be associated with  malnutrition, anemia and
erythropoietin resistance.8 Renal failure contributes to inflammation as


