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A
nemia in a patient with chronic
kidney disease is a multifacto-

rial disorder associated with impaired
quality of life, reduced energy,
decreased exercise capacity, neuro-
cognitive decline, and increased
mortality risk. Anemia can be suc-
cessfully managed with adequate oral
or i.v. iron (Fe) supplementation and
erythropoiesis-stimulating agent
(ESA) administration.

Routine use of ESA, targeting he-
moglobin (Hb) level between 10 and
12 g/dl, has markedly improved
quality of life of patients with chronic
kidney disease. However, a wide
variation in individual response to
ESA is often observed. Some patients
do not respond well and need high
doseofESA.This subgroupofpatients
is considered as resistant or ESA
hyporesponders. Administration of
high doses of ESAs is a real concern as
it had been associated with an
increased risk of hypertension,
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arteriovenous access thrombosis,
neoplasia, and mortality.1

The Kidney Disease: Improving
Global Outcomes defines ESA
hyporesponsiveness as the pres-
ence of at least 1 of the following: (i)
when the recommended Hb target
(10.0–11.5 g/dl) is not reached
whatever the ESA molecule, what-
ever the dose, and whatever the
route of administration; (ii) a sig-
nificant decrease in the Hb level
with a constant ESA dose; (iii) an
increase in the ESA dose which
leads to a dose >50% of that with
which the Hb value was obtained
within the recommended target; or
(iv) failure of the Hb level to rise
>11.0 g/dl despite an ESA dose that
is equivalent to a recombinant hu-
man erythropoietin dose >500 IU/
kg/wk or >30,000 IU</wk.2 The
erythropoietin resistance index
(ERI), calculated by dividing the
weekly adjusted dose of recombi-
nant human erythropoietin
(expressed in IU/kg/wk) by the Hb
level, is an alternative method to
assess the degree of ESA hypores-
ponsiveness, but it is not used in
current clinical practice.3 Despite
recent advances, the pathogenesis
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of ESA hyporesponsiveness is not
completely understood and in-
volves numerous factors, including
demographic variables such as age
and sex distribution, morbidity
pattern such as inadequate dialysis,
absolute or functional Fe defi-
ciency, malnutrition, renal osteo-
dystrophy, chronic inflammation,
and dialysis modalities.2 Other fac-
tors with less strong but with
promising clinical implications had
also been evocated. The role of non-
Fe micronutrient such as folates,
vitamin C, and vitamin B12 defi-
ciency is frequently under-
estimated. For example, vitamin C
increases Hb synthesis by facili-
tating incorporation of Fe into
protoporphyrins and Fe availability
by the reticuloendothelial system.4

Moreover, the use of vitamin C
may reduce oxidative stress and
inflammation. Most of these
micronutrients are eliminated to a
various range during hemodialysis
and, thus, could exacerbate the
anemia and the hyporesponsive-
ness to ESA.5

A special interest is given to a
trace element, in particular selenium.
As a matter of fact, selenium is an
essential trace element with anti-
oxidative properties, being a compo-
nent of selenoproteins, including
selenoenzymes such as glutathione
peroxidase, selenoprotein-P, and thi-
oredoxin reductase. In nonchronic
kidney disease population, low sele-
nium levels had been associated with
various neurologic disorders, a
compromised immune function, and
an increased risk of mortality and in
pregnant women with pre-eclampsia
and preterm delivering.6 As the
thyroid is the gland with the highest
selenium concentration of all tissues,
low selenium levels are associated
with higher incidence of thyroid
cancer and Hashimoto’s thyroiditis.1

Of interest, selenium deficiency may
also lead to left ventricular dilation
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and heart failure, especially in pa-
tients with AIDS.4

Evidence from animal and hu-
man studies suggests a link be-
tween circulating low selenium
levels and anemia. Selenium regu-
lates erythropoiesis by preventing
oxidative stress-mediated hemoly-
sis as found in a mouse model.7 In
elderly people and in patients with
chronic kidney disease, several
studies have found an association
between low selenium levels and
anemia.8 The link of selenium
deficiency and ESA hypores-
ponsiveness is worth studying as
not many evidences are available.

In this current issue of the KI
Reports, Yasukawa et al.9 investi-
gated the association between
serum selenium levels and the ERI
in a cross-sectional study of he-
modialysis patients. They per-
formed a single measurement of
selenium levels and Fe parameters
in 173 patients from 4
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Figure 1. Hypothesis-driven mechanism that lead
ROS, reactive oxygen species.

1448
hemodialysis facilities in Japan.
Most patients were on hemodiafil-
tration and had stable dose of ESA
during the previous 6 months of
the study. Consistently with pre-
vious studies, serum selenium
levels were low (<10.5 mg/dl for
normal values ranging from 70 to
150 mg/dl) in half of the patients.
Only 33 patients (19%) had serum
selenium levels > 12.2 mg/dl,
which is associated with good
prognosis and does not require any
supplementation.1

The authors observed a significant
inverse correlation between serum
selenium levels and ERI but not with
Hb, transferrin saturation, or ferritin.
The independent association between
serum selenium levels and ERI
(>9.44 in this cohort) was then
confirmed by multiple regression
analyses, after adjustment by poten-
tial confounding factors (gender,
cardiovascular disease, dialysis vin-
tage, ferritin, transferrin saturation,
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albumin, C-reactive protein, zinc,
and parathyroid hormone levels). A
similar trend was observed when the
authors repeated these tests with a
higher ERI threshold (>15) that is
associated with the worst clinical
outcomes in a European population.
Finally, by performing sensitivity
analysis using distinct criteria for Fe
status (transferrin saturation <30%
and ferritin<500 ng/ml), the authors
consistently found significant differ-
ence across 4 groups divided by the
Fe status and serum selenium levels.

The principal limitation of this
study is its cross-sectional design,
and even though the reported
within-person coefficient of vari-
ance for selenium was similar to
that for calcium and potassium, the
evolution of serum selenium levels
and ERI kinetics was not assessed.
Second, Fe deficiency management
in Japan differs from that of the
European and the Kidney Disease:
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Guidelines. Even if this study took
into account these differences, the
results must still be confirmed in
an independent Western cohort.

Finally, the mechanism that
leads to ESA hyporesponsiveness
could only be hypothesis driven
(Figure 1). Previous data from he-
modialysis patients suggest that
low serum selenium levels
contribute to increased oxidative
stress and inflammation. Salehi
et al.10 revealed in a controlled
randomized trial that selenium
supplementation in hemodialysis
patients, probably mediated by
inhibiting oxidative stress and
inflammation, improved their
nutritional status. In the present
study, there was no measurement
of oxidative stress markers, and
thus, the potential pathophysio-
logic mechanisms remain unclear.

This study is of clinical impor-
tance because it highlights a new
therapeutic intervention for ESA
hyporesponsiveness management.
Tonelli et al.11 proved that selenium
supplementation is feasible and safe
among patients on hemodialysis,
but that low or medium doses (50
and 75 mg/d, respectively) did not
fully correct selenium status, sug-
gesting higher doses (>100 mg/d)
may be necessary. Nonetheless, se-
lenium supplementation does not
have a wide window of therapeutic
index, and a U-shaped curve de-
scribes the link between selenium
status and outcomes. Thus, sele-
nium intake for people with poor
nutritional status may benefit from
supplementation, but people of
Kidney International Reports (2022) 7, 1447–1449
high status (more specifically with
selenium levels >122 mg/l) should
not take selenium supplementation.
Adverse effects of selenium toxicity
include brittle hair and nails and
their loss, dermatitis, and type 2
diabetes.2 This finding may indi-
cate that serum selenium levels
should be monitored in case of se-
lenium supplementation. Further
studies are necessary to find the
safer and more effective way to se-
lenium supplementation in hemo-
dialysis patients.
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