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Abstract
Background and aim: Iron overload and inflammation might participate in the pathogenesis of insulin resistance in
community. The improvement of insulin resistance in hemodialysis (HD) patients is frequently seen after correction of
anemia. The aim of this study was to investigate the influence of recobinant humam erythropoietin (Epo) treatment on
insulin resistance in non-diabetic HD patients.
Patients and methods: We investigated the effects of 6 months-duration treatment with Epo on insulin resistance and
inflammatory parameters in 16 (6 male/10 female) patients on maintenance HD with renal anemia (hemoglobin concentration ≤105 g/l). The control group consisted of 15 patients on HD with renal anemia, without Epo treatment. Further
clinical and laboratory variables were observed: fasting blood glucose (FBG), insulin, albumin, iron, total iron binding
capacity (TIBC), transferrin saturation (TSAT), ferritin, TNF-alpha, and IL-6. Independent predictors for changes of
calculated insulin resistance index by homeostasis model assessment (HOMA-IR) were identified by multivariate linear
regression analysis.
Results: A significant reduction of insulin levels and therefore significant lowering of HOMA-IR was registered in Epo
treated group. It was observed improvement of anemia [Hb 93.90±17.34 g/L vs. 116.40±21.03 g/L, p: 0.01; Hct 0.28
(0.24-0.31) vs. 0.33% (0.31-0.37), p: 0.01] as well as a trend toward iron stores decrease [ferritin 466.45 (174.40-886.90)
vs. 279 μg/L (137.00-648.50), p: 0.06]. A significant decrease of TNF-alpha [2.30 pg/ml (1.48-2.95) vs. 1.65 pg/ml (0.111.96), p: 0.01] and IL6 levels [8.32 pg/ml (2.31-9.83) vs. 2.60 pg/ml (2.00-3.05), p: 0.01] was presented. After adjustment for confounding variables (age, sex, and Kt/v), a model consisting of BMI, ferittin, and TNF alpha accounted for
96% of the variance in HOMA-IR in Epo treated patients.
Conclusions: The present study demonstrated that Epo treatment could participate in reducing insulin resistance through
iron stores reduction and improvement of chronic inflammation in patients on maintenance HD. Hippokratia 2008; 12
(3): 157-161
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Patients with end-stage renal disease (ESRD) are
at high-risk of cardiovascular disease-induced death1,2.
Renal failure is associated with multiple metabolic and
endocrinology abnormalities and these alterations are
involved in advanced atherosclerosis and high cardiovascular risk1-6. It has been shown that insulin resistance
may contribute to the pathogenesis of atherosclerotic cardiovascular disease6, so we should devote more attention
to insulin resistance in uraemic patients. It was demonstrated that HOMA-IR could be an independent predictor
of cardiovascular mortality in non-diabetic patients on
maintenance HD7. Recently, we have shown that out of
BMI, serum iron participates as an independent predictor
for calculated IR index in patients on maintenance HD8.
Our finding supports the statement that insulin resistance,
as non-classic cardiovascular risk factor, could be also

the consequence of iron therapy in ESRD patients9. However, it is likely that improvement of anemia with regular Epo treatment and adjusted dose of intravenous iron
may decrease a high level of serum iron and furthermore
iron stores. Hence, a reduction of insulin resistance can
be seen. In the present study, we test the potential efficiency of Epo administration on iron status, insulin resistance and chronic inflammation in observed patients,
by conventional once weekly schedule as a subcutaneous
injection.
Patients and Methods
This single-centre prospective study was designed
to verify the effectiveness of administration of Epo on
insulin resistance and inflammatory status. The study involved 31 ESRD patients on maintenance HD, with re-
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by using a radioimmunoassay method (RIA, INEP Zenal anemia. These patients were divided into two groups.
mun, Belgrade). IL-6 and TNF-alpha levels were meaSixteen patients with Epo treatment and of fifteen pts
sured in duplicate by Immunotech IL-6 immunoassays
without Epo treatment consisted the first and second
and Immunotech TNF-alpha immunoassays (Beckman
group respectively. The patients fulfilled all inclusion criCounterTM). Insulin resistance index was calculated
teria: a) age >18 years; b) HD treatment for >12 months;
from fasting insulin and glucose concentration by usc) exclusion of serious adverse event, known malignaning Homeostatic Model Assessment score (HOMA-IR
cies, inflammatory or hematological diseases and acute or
formula: glucose x insulin/22.5)10.
active phase of chronic infectious diseases; d) the presence of anemia (Hb ≤105 g/l) and without diabetes (fastStatistical analysis
ing glycemia < than 7 mmol/l). The patients gave written
Appropriate descriptive statistical parameters were
consent to participate in the study.
used to describe observed patients. Normally distributed
The study was conducted according to the Decdata are shown as the mean ± SD, whereas other as the melaration of Helsinki and was approved by the Zedian and interquartile range (difference between 25th and
mun Clinical Hospital local Ethical Committee.
75th percentile numbers). Comparisons between groups
All patients received s.c. Epo-b three times weekly during
were made using two-tailed Student’s t test or the Manna 4-week run-in period, with starting dose mean 95±44
Whitney U test. Categorical variables were compared using
IU/kg BW/week. Following the run-in period, patients
Fisher’s exact test. Plasma cytokines, ferritin, insulin and
were randomly assigned to treatment with once weekly
HOMA-IR were positively skewed and log-transformed to
regimen. Dose titrations were permitted 6 weeks after
normal distribution to calculate Pearson ® correlation corandomization and every 4 weeks thereafter. Epoetin-b
efficients, in order to explore the relations between changdose was increased by 20% if the serum Hb concentration
es in HOMA-IR and demographic and metabolic characdecreased below 100 g/l, or redunced by 20% if it rose
teristics respectively. Multivariate regression analysis was
above 125 g/l. After the stable Epo dose was attained, the
performed to determine potentially independent predictors
patients from the first group were included in the study
of HOMA-IR changes after Epo treatment.
and thereafter followed for 6 months. All patients were
regularly supplemented with i.v. iron, folic acid, and viResults
tamin B12.
Patients demographic as well as clinical and laboraBlood samples for Hb and Hct measurements were
tory data before and 6 months after initial visit are shown
collected on fortnight, before a midweek dialysis session.
in Table 1 and Table 2. Baseline demographic were simiAnthropometric measurements, including body mass index
lar in both groups.
(BMI) and waist circumference, were recorded at the start
and the end of the study by
using standardized proto- Table 1: Demographic data of HD patients at the beginning and at the end of study
col [dry weight or after-dialysis weight (dry weight
/ height2) for calculation
of BMI]. Furthermore, the
following parameters were
measured: iron, TIBC,
TSAT, ferritin, FBG, insulin, TNF-alpha, IL-6 levels. Kt/V was calculated by
Daugirdas method.
The levels of FBG,
triglyceride, total cholesterol, HDL-cholesterol,
Hb, Hct and iron were
measured with conventional autoanalyzer, by
using blood samples obtained on midweek, after overnight fasting and
immediately prior to dialysis. Serum ferritin was
measured by using an immunoradiometric assay
(IRMA). The plasma inData are presented as the mean ± SD and as the median and interquartiles range, for variables with the
sulin level was measured skewed distribution gp: group.
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Table 2: Clinical data of study HD patients on the beginning and at the end of study period with
and without Epo treatment
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HOMA-IR changes in
Epo treated HD patients
after adjustment for age,
sex and Kt/v (Table 3).
The changes of HOMAIR were not significant in
the patients with no Epo
treatment.

Discussion
Insulin resistance is
presented in the vast majority of our non-diabetic
patients on maintenance
HD5. Many factors have
been implicated in the
pathogenesis of insulin
resistance in ESRD patients11,12. In our previous
study we found that nutritional status and serum
iron determined the level
of calculated index of insulin resistance in HD patients8. It has been reported
that the improvement of
anemia by Epo reversed
insulin resistance in uremic patients12,13. Concern
has arisen about administration of large doses of
parenteral iron that may be
associated with morbidity
and mortality, particularly
from infection14. This can
be explained via the wellknown role of iron as a
growth factor for bacteria
and supposed inhibitory
role on neutrophil func15
Data are presented as the mean ± SD and as the median and interquartiles range, for variables with the tion . Additionally, growing evidences pointed out
skewed distribution. gp: group.
to pro-oxidant properties
of iron therapy and subTreatment of anemia with Epo led to a significant
sequently higher oxidative stress in HD patients which
increase of Hb and Hct as well as significant decrease
contributed to higher risk of cardiovascular morbidity
of insulin levels. HOMA-IR, inflammatory cytokines,
and mortality16.
TNF-alpha, and IL-6. There were no significant changes
regarding Hb, Hct, iron, TSAT, ferittin, fasting glucose,
fasting insulin, HOMA-IR, TNF-alpha and IL-6 in paTable 3: Multivariate linear regression analysis between
tients with no Epo therapy. To determine the potential
HOMA-IR and variables of anemia, iron status and inflamindependent factors contributing to insulin resistance
matory markers after the study period and Epo treatment
decrease after Epo treatment, multivariate linear regression analysis were performed. The variable changes
that correlated with change of HOMA-IR were also included. In a model that explained 96% variation of the
HOMA-IR, the changes of BMI (β: 0.229, p: 0.04), serum ferritin (β: 0.233, p: 0.03), and TNF-alpha (β: 0.789,
R2: 0.96, p: 0.001.
p: 0.001) were independent factors in the prediction of
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There is no enough data available at present about the
effect of iron overload and Epo administration on insulin
resistance in ESRD patients. Mak et al11 demonstrated
that Epo administration could repair insulin sensitivity in
HD patients preferably by correction of anemia than an
iron overload. Tuzcu et al17 confirmed that treatment with
Epo was associated with improvement of anemia and insulin sensitivity in uremic patients, but without suggestion
about its potential mechanism. Spaia et al18 demonstrated
the beneficial effect of Epo treatment on insulin resistance
in HD patients besides the improvement of anemia. Our
findings are in concordance with that statement, because
our Epo-treated patients showed the trend toward reduction of iron overload with significant improvement of
inflammatory status and insulin resistance. Furthermore,
the reduction of ferritin and the levels of inflammatory cytokines were independent predictor of insulin resistance
improvement. Correction of anemia did not correlate with
change of insulin resistance in treated group.
In the present study we showed significant insulin
resistance improvement (33%) after 6 month Epo treatment. Conversely, that was not the case with the Epo untreated group. The recorded high serum ferritin level resulted from ineffective utilization of iron stores, because
the patients were out the regular recombinant human Epo
treatment. It is well-known that chronic inflammatory
diseases, particularly ESRD, are associated with an increase of iron stores or ferritin levels12, 14, 19. Inflammation
may not have an effect on serum ferritin, unless there is
enough iron stores in the body so that serum ferritin is
somewhat increased20. Liver dysfunction and inflammatory factors may interfere with the synthesis and clearance of ferritin, thereby increasing serum ferritin levels
not related to iron metabolism. In the present study, there
was a significant correlation between serum iron, TSAT
and ferritin level, but not between ferritin and TNF-alpha
and IL-6 respectively. This finding possibly indicates the
ferritin as a marker of iron stores rather than an inflammatory marker. However, Rogers et al20, showed that
IL-1β induces ferritin gene expression via translational
control of its mRNA. This inflammatory induction of ferritin synthesis is Epo and insulin resistant in HD patients
different from iron dependent ferritin gene expression. In
recent years, a large body of evidence showed that uremia
itself is a state of some level inflammation as reflected
by elevation of the classical inflammatory biomarkers,
TNF-alpha, IL-6 and CRP21. To assess the potential role
TNF-alpha and IL-6 as inflammatory cytokines in mediating insulin resistance in our patients, we measured their
plasma concentrations before and after the treatment. A
significant reduction of TNF alpha and IL-6 levels was
observed after the Epo treatment, despite their higher levels before the treatment. Multivariate regression analysis
revealed that the change in TNFalpha level was significant
predictive factor for the insulin resistance improvement in
Epo treated subjects. Moreover, we could speculate that
Epo treatment indirectly improved insulin resistance in
patients on maintenance HD. Recent studies suggested

that insulin resistance may be a central mechanism for
uremic malnutrition22. Therefore, insulin resistance may
contribute to malnutrition-inflammation-atherosclerotic
(MIA) syndrome23.
TNF-alpha induces insulin resistance in experimental
animal models by mechanisms that involve serine phosphorylation of the insulin receptor substrate 1 (IRS-1)24-26,
decreasing its tyrosine phosphorylation by the insulin receptor (IR) kinase. The activated kinases phosphorylate
serine residues on IRS-1 and inhibit insulin-induced PI
3-kinase activity, resulting in reduced insulin-stimulated
AKT2 activity. Lowered AKT2 activity fails to activate
GLUT4 translocation, and other downstream AKT2-dependent events, and consequently insulin-induced glucose uptake is reduced27,28. In vitro and in vivo studies
show that TNF-α inhibition of insulin action is, at least,
antagonized by thiazolidinediones, further supporting
the role of TNF-alpha in insulin resistance. In addition,
several other mechanisms could account for the effect
of TNF-alpha on obesity-related insulin resistance – increased lipolysis in adipocytes with an increased release
of free fatty acids (FFA) and reduced synthesis of adiponectin. During recent years, various and controversial
data were reported about the effects of Epo treatment
on inflammation in ESRD patients. In a cross-sectional
analysis of 339 haemodialysis patients, Kalantar-Zadeh
et al29 found a positive correlation between CRP levels
and EPO dose at linear regression analysis. Agulirea et
al30 confirmed that the effect of Epo treatment is paradigmatic, because Epo is able to decrease or increase some
pro- and anti-inflammatory cytokines in ESRD patients,
depending on the type of tissue. Increased level of TNFalpha was explained with improved immune status.
Significant reduction of inflammatory cytokines, TNFalpha and IL-6, and improvement of anemia as well as insulin resistance, was registered just in Epo study-treated
patients. The mechanisms responsible for improved insulin
resistance might be related to reduction of chronic inflammation, or reduced over-expression of gene for NF-kB in
skeletal muscle31. On the other hand, insulin resistance of
ESRD patients might also be due to a defect in mitochondrial oxidative phosphorylation28, but there is no enough
data in accordance with that statement. Improved intramuscular fatty acid metabolism accompanied with repair of insulin resistance without significant association with inflammatory status will be confirmation for that statement.
In conclusion, our study demonstrated that improvement of insulin resistance in patients with ESRD on maintenance HD with Epo was independent of anemia correction. These data also identified that repair of chronic
inflammation, with reduced level of inflammatory cytokines, particularly TNF-alpha, and iron overload or ferritin
level, were siginifanct predictive factors for an improvement of insulin resistance. Nutritional status, estimated by
serum albumin, was also significant predictor of insulin
resistance. Our data revealed the necessity of lower iron
dose to be administered in Epo-treated patients on HD to
achieve better insulin sensitivity.
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