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Abstract

Background/aims Anemia is common in patients
with chronic kidney disease (CKD). Recently, the
erythropoiesis-stimulating agent/hemoglobin level
(ESA/HD) index emerged as a new factor associated
with increased morbidity and mortality in this
population. In this study, we evaluated the factors
that influence the ESA/Hb index in a pre-dialysis
CKD population.

Methods Ninety-five patients were evaluated for
clinical and laboratory parameters, nutritional status
and ESA/Hb index. For comparison, we divided our
population into 3 groups: G —no ESA treatment, G
II—patients with ESA/index below 50th percentile
and G [I—patients with ESA/Hb index above 50th
percentile. We performed single and multiple regres-
sion models and logistic regression analysis.

Results In a multiple regression model, age (r =
—3.456, P = 0.001), SGA (¢t = 2.059, P = 0.047),
ferritin (¢ = 2.386, P = 0.027), Ca x P (t = 2.066,
P = 0.043), TNF-o (t = 2.673, P = 0.009) and IL-6
(t=12.939, P =0.004) independently influenced
the ESA/Hb index. At logistic regression analysis,
gender, cardiovascular disease and TNF-o were
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independently associated with ESA/Hb higher than
50th percentile compared to the other patients
(R* = 0.457).

Conclusion In a pre-dialysis population, female
gender, cardiovascular disease, malnutrition and
inflammation are associated with a higher ESA/Hb
index.

Keywords Anemia - Erythropoiesis-stimulating
agent resistance - Inflammation - Malnutrition

Introduction

Anemia is an almost universal finding in patients with
CKD once the glomerular filtration rate (GFR) has
fallen below 30 ml/min/1.73 m* [1]. It is primarily
due to insufficient production of erythropoietin (Epo)
from diseased kidneys, and recombinant Epo has
been shown to be useful in correction of anemia in
patients with renal failure [2-4]. Anemia and its
suboptimal correction have been associated with an
increased prevalence of cardiovascular disease,
which induces a higher morbidity and mortality in
pre-dialysis patients, as well as in patients under renal
replacement therapy [5-9]. In many patients with
CKD, however, anemia seems to be resistant to ESA
treatment despite adequate iron supplementation
[10]. Several factors, such as hyperparathyroidism,
aluminium intoxication, blood loss, hemoglobinopa-
thies and hemolysis, are associated with ESA resistance
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[11]. Moreover, inflammation and malnutrition have
been also described as factors that can be associated
with anemia and can influence the ESA dose in
patients with CKD [12-16]. On the other hand, recent
studies indicated that the resistance to ESA [17, 18],
evaluated by the ESA resistance index [19] is
associated with a higher risk of death in renal
patients [20].

The aim of our study was to evaluate the factors
that influence the ESA/Hb index in a pre-dialysis
CKD population.

Patients and methods

We included 95 patients from our outpatient “low-
clearance” clinic at Servico de Nefrologia of the
Hospital de Faro, Algarve. Our Nephrology Unit, a
tertiary center, is the only one in this most southern
region of Portugal, the Algarve, with almost half a
million inhabitants. The “low-clearance” clinic rep-
resents about 10% of our nephrology outpatient
clinic.

Patients were referred whenever they had an
estimated GFR (eGFR) below 30 ml/min/1.73 m?,
from our own Nephrology Unit, from other Units of
our Hospital or from general practitioners. During the
6-month recruitment period, patients who agreed to
enter the study were included. This study was
approved by our Hospital Ethics Committee, and
informed consent was obtained from all patients.

At baseline, a complete clinical history and a
physical examination were performed.

Fasting blood samples were collected to measure
serum hemoglobin (Hb), albumin, creatinine, blood
urea nitrogen (BUN), iron, ferritin, calcium (Ca),
phosphate (P), parathyroid hormone (PTH), triglyc-
erides and cholesterol (total and HDL).

The GFR was calculated according to the MDRD
(Modification of Diet in Renal Disease) equation
[21].

Plasma, collected using heparin as the anticoagu-
lant, was separated within 30 min of drawing and
stored at —80°C until measurements of IL-6 (inter-
leukin 6) and TNF-o (tumor necrosis factor o) were
performed. The Subjective Global Nutritional Assess-
ment (SGA) was used to evaluate the nutritional
status. We also evaluated anthropometric parameters
like the body mass index (BMI).
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We calculated the average weekly darbepoetin
dose, as well as the average hemoglobin level during
the follow-up period.

The weekly darbepoietin dose/kg body weight was
first multiplied by 200 and then divided by the Hb
level, to calculate the ESA/Hb index [19].

The diagnosis of ischemic heart disease was based
on clinical data plus at least one of the following:
electrocardiographic signs of ischemic disease or
myocardial infarction, at rest; positive stress test for
ischemic heart disease (treadmill test, stress echocar-
diogram or myocardial scintigraphy); coronary angi-
ography with a luminal stenosis greater than 50% in
one of the main coronary arteries.

Statistical analysis

First we performed descriptive statistics; values
were expressed as mean =+ standard deviation; for
comparison between the three groups, we used the
one-way analysis of variance (ANOVA); the chi-
square test was used to investigate the distribution
of categorical variables in the groups; we used the
ESA/Hb index as the dependent variable and the
several biological and laboratory parameters as
independent ones in a single regression model. Only
the parameters with a statistically significant rela-
tionship in the single regression model (P < 0.05)
were later introduced in a multiple regression
model. We also calculated in a multiple binary
logistic regression analysis the odds and their 95%
confidence intervals for ESA/Hb index higher than
the 50th percentile in comparison with the other
patients.

The statistical analysis was performed using SPSS
11.0 for Windows (SPSS, Chicago, IL).The null
hypothesis was rejected below the 5% level
(P < 0.05).

Results

We included 95 patients (f = 41, m = 54), with an
average age of 69.4 years, mean eGFR of 16.1 ml/
min/1.73 m* and a mean follow-up of 24.1 months.
The original disease was unknown in 23 patients
(24.2%); 30 patients (31.5%) had diabetic nephrop-
athy, 19 patients (20%) had hypertensive renal
disease, 15 patients (15.8%) had chronic interstitial
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disease, 5 (5.3%) had chronic glomerulonephritis and Table 2 Single regression model
3 (3.2%) had polycystic kidney disease. ESA/Hb index as the
The prevalence of ischemic heart disease in our dependent variable
populat.10.n was 25.3% (1.1 = 24). o 5 ; P value
Nutritional data obtained from subjective global
nutritional assessment (SGA) was as follows: seven Age (years) —0.207 —2.044 0.044
patients had normal nutritional status, 68 and 19 were eGFR (ml/min/1.73 m?) —0.282 —2.832 0.006
mildly and moderately malnourished, respectively, SGA score 0.276 2771 0.007
and no patient had severe malnutrition. The mean Ferritin (ng/ml) 0.381 3.595 0.001
value of SGA was 12.2 + 3.6. Ca x Pi (mgd1®) 0.250 2486  0.015
In Table 1, we can see the clinical and laboratory IL-6 (pg/ml) 0.388 4.062  0.0001
characteristics of the three groups. There were no TNF-o (pg/ml) 0.513 5.760 0.0001
significant differences between groups in terms of Cardiovascular disease 0.226 2.240 0.027

age, sex and diabetes distribution, as well as regarding
albumin, PTH, Ca x P, phosphate, calcium and
ferritin levels. We found significant differences con-
cerning eGFR (P = 0.033), hemoglobin (P = 0.001),
TNF-o0 (P = 0.018), IL-6 (P = 0.017), SGA (P =
0.02) and cardiovascular disease (P = 0.046). Using
a single regression model (Table 2), we observed
that age, SGA score, ferritin, TNF-o, IL-6, Ca x P and
cardiovascular disease showed a significant correla-
tion with the ESA/Hb index. However, in a multiple
regression model (Table 3), only age (r=
—3.456, P = 0.001), SGA (t = 2.059, P = 0.047),
ferritin (r = 2.386, P = 0.02), Ca x P (r = 2.066,
P = 0.043), TNF-o (r = 2.673, P = 0.009) and IL-6

Table 3 Multiple regression model

ESA/Hb index as the dependent variable

Table 1 Clinical and
laboratory characteristics of
the groups

p t P value
Age (years) —0.341 —3.456 0.001
SGA score 0.214 2.059 0.047
Ferritin (ng/ml) 0.207 2.386 0.020
Ca x Pi (mg¥dl®>)  0.180 2.066 0.043
IL-6 (pg/ml) 0.261 2.939 0.004
TNF-o (pg/ml) 0.256 2.613 0.009
R* = 0.575, P = 0.0001
Gl(m=23) GII =36 G III (n = 36) P
No ESA ESA/Hb < 50th ~ ESA/Hb > 50th
percentile percentile
Age (years) 717 £139 685 + 13.7 68.8 + 15.7 ns
Sex (f/m) 10/13 12/24 19/17 ns
Diabetes (yes/no) 5/18 11/25 14/22 ns
eGFR (ml/min/1.73 m?) 175+ 78 17.6 £ 7.9 137 £ 4.8 0.033
Hemoglobin (g/dl) 123+ 1.7 119+ 1.2 10.8 &+ 1.7 0.001
Ferritin (ng/ml) 115 + 108 118 + 145 178 + 216 ns
Albumin (g/dl) 43 £ 04 43 +04 41406 ns
SGA 117 £ 3.4 113 £ 26 13.5 £ 43 0.020
Phosphate (mg/dl) 43+ 1.5 47+ 1.1 51+ 1.6 ns
Calcium (mg/dl) 9.9 4+ 0.6 9.8 + 0.8 96+ 1.2 ns
Ca x Pi (mg¥/dI?) 44 + 15 47 + 15 52 + 14 ns
PTH (pg/ml) 280 + 219 344 + 299 373 + 260 ns
IL-6 (pg/ml) 48 +43 39 +£24 74 +£73 0.017
TNF-o (pg/ml) 10+ 54 9.6 + 5.6 14.6 £ 10.8 0.018
Cardiovascular Disease (%) 21.7 13.9 38.9 0.046
ESA/Hb index 0 57+ 1.8 17.0 £ 10.4 0.0001
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Table 4 Predictive

. B P-value Odds ratio 95% CI
variables related to B
erythropoietin resistance Lower  Upper
(logistic regression
analysis) Variables included in the model

Gender (f vs. m) 1.596  0.023 4.935 1.243 13.589
Cardiovascular disease (yes vs. no) 1.476 0.042 4.375 1.058 18.089
TNF-o (pg/ml) 0.184  0.005 1.202 1.057 1.368
Variables not included in the model
eGFR (ml/min/1.73 m?) —0.045  0.418 0.956 0.856 1.063
Age (years) —0.007  0.767 0.993 0.945 1.043
SGA 0.145  0.228 1.156 0913 1.464
Ferritin (ng/ml) 0.002 0.244 1.002 0.999 1.006
2 log likelihood—72.655, Ca x P (mg%di?) 0.05 0.053 1.051 0.999 1.106

Nagelkerke R* = 0.457

(t =2.939, P = 0.004) independently influenced the
ESA/Hb index. Finally, using a multiple binary logistic
statistics (Table 4), we found that female gender
(P = 0.023), cardiovascular disease (P = 0.042) and
TNF-o0 (P = 0.005) were independently associated
with the higher than the 50th percentile compared to
the other patients (R2 = 0.457).

Discussion

Anemia is a common complication of CKD, and its
prevalence increases as the renal function declines
[22]. In the general population, the risk of cardio-
vascular disease is higher in the presence of lower
hemoglobin levels [23]. In patients with CKD, the
cardiovascular risk is influenced both by the decreas-
ing renal function and by the presence of anemia [8].
In these patients, anemia has also been associated
with a faster progression of renal disease [24, 25].
The importance of treating anemia in CKD pre-
dialysis patients relies in the fact that its partial
correction is associated with a decrease of progres-
sion of renal insufficiency [24, 26] and an increase of
the general well-being and quality of life [27, 28].
Observational studies suggest that anemia treatment
is also associated with a decrease of the risk of
hospitalization and death in pre-dialysis patients [29,
30], although there are no controlled prospective
studies to support these findings [31, 32]. Pfeffer
et al. [33], in their study involving patients with type
2 diabetes, CKD and anemia who were not undergo-
ing dialysis, found that in patients who received
darbepoietin alfa to achieve a hemoglobin level of
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13 g/dl there was no reduction in the risk of death,
cardiovascular events or renal events. In this group of
patients, there was an increased risk of stroke. This
study emphasizes the importance of making a
reasonable decision about the potential benefit of
ESA in patients with CKD.

Recently, the ESA/Hb index has been used as a
tool to evaluate the resistance to ESA therapy, and a
high ESA/Hb index is associated with increased
morbidity and mortality in chronic hemodialysis
patients [20, 34].

In our group of CKD stages 4 and 5 pre-dialysis
patients, 72 out of 95 were under ESA therapy. When
we compared the 3 groups regarding the ESA/Hb
index, we observed that the main differences between
groups, were related to inflammatory and nutritional
parameters. These findings have been well described
in patients undergoing maintenance renal replace-
ment therapy [14, 34-36]. Inflammation can interact
with the hematopoietic system at different levels,
inhibiting erythropoietin secretion and erythroid
progenitor cells maturation, increasing red blood
cells destruction and decreasing iron delivery from
reticuloendothelial to hematopoietic cells [12, 37].
Malnutrition can also influence the response to ESA.
There has been described an association of anemia
and ESA resistance with poor nutritional status [14,
15, 34], supporting the malnutrition-inflammation-
atherosclerosis (MIA) concept [38]. Remarkable to
verify that it was described that a poor appetite was
related with anemia, similar to previous reports [39].
When looking at the results of our multiple regression
analysis, we can also see that the inflammatory and
nutritional parameters independently influenced the
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ESA dosage. More interesting is the fact that in our
population we found a significant relationship
between the presence of cardiovascular disease and
a higher ESA/Hb index, in the ANOVA analysis and
also in the single regression model. Probably, the
well-described relationship between cardiovascular
disease, nutritional status and inflammation, the so-
called “MIA” syndrome [38], decreased the influence
of cardiovascular disease on the ESA/HDb index, in the
multiple regression model. The relationship of ferritin
with ESA resistance can be more difficult to interpret,
because ferritin level can reflect both the status of
iron deposits and inflammation [34]. Worthy of note
was that we found that lower age and a higher Ca x P
were associated with ESA resistance. These findings
could be explained, at least in part, by the fact that
younger people are less compliant and have more
severe hyperparathyroidism [40, 41]. As it was
explained previously, we divided our patients under
darbepoietin therapy in two groups, above and below
the 50th percentile according to the ESA/Hb index.
We took the 50th percentile and not the 90th
percentile because of the small number of patients
above the 90th percentile. However, we could find, in
the logistic regression analysis, that female sex, inflam-
mation and cardiovascular disease were associated with
ESA resistance. Regarding the influence of female
gender on ESA dose, our results are in agreement with
other [42, 43], but not with all authors [44]. In our study,
the role of inflammation on the ESA/Hb index in the
logistic analysis confirmed the results of the multiple
regression model. Even if we could not find an influence
of cardiovascular disease in the multiple regression
model, in the logistic analysis a statistically significant
relationship was found and this can explain the higher
morbidity and mortality associated with ESA resistance
[18-20].

In conclusion, in a pre-dialysis CKD population,
we observed that malnutrition and inflammation can
independently influence the ESA/Hb index. Moreover,
we also found that female gender and cardiovascular
disease were associated with ESA resistance.
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