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Erythropoietin Resistance
During Androgen Deficiency

T he discussion by Spivak1 of chronic anemias in
the elderly would have been more complete if it
had included consideration of the potential con-

tribution by hypogonadism to these anemias in older men.
Male hypogonadism characteristically is accompa-

nied by decreasing red blood cell mass and develops fre-
quently with advancing age, having been documented in
25% of men with chronic renal failure (CRF)2 and many
men with malignancies, including 80% of those receiv-
ing sustained-action opioids.3 Hematocrit levels in hy-
pogonadal men improve during replacement testoster-
one therapy because of a combination of androgen
stimulation of erythropoietin (EPO) production and di-
rect stimulation of androgen-dependent erythropoietic
cells. Among older men, however, testosterone levels are
rarely examined as a factor potentially contributing to
anemia, even though the origin of these anemias re-
mains unknown in a large percentage.

Before EPO therapy became available, androgens were
widely used to treat many chronic anemias including the
anemia of CRF, a condition in which it continues to be
used extensively in countries other than the United States
and where it has been documented to improve endur-
ance, strength, mood, libido, and erectile function, while
decreasing the cost of supplemental EPO therapy by as
much as 80%.4

We have compared total testosterone levels with the
median EPO requirements in 43 of the 52 men who had
been treated in our small dialysis unit.5 These values are
presented in the Figure. In each subject, treatment with
3-times weekly EPO and appropriate iron therapy had
been dictated by conventional protocols for the preced-
ing year. The Spearman � analysis demonstrated a close
inverse relationship between these 2 variables (P�.01),
which was independent of multiple other variables in-
cluding the presence of iron deficiency or other disease
states. The EPO requirements of hypogonadal men (total
testosterone level �280 ng/dL [�9.7 nmol/L]) aver-
aged over 3 times those of men with testosterone levels
greater than 450 ng/dL (�15.6 nmol/L).

We continue to see older hypogonadal men with a va-
riety of anemias whose response to iron and/or EPO
therapy is greatly enhanced following the recognition of
their need for replacement testosterone therapy. Andro-
gen therapy in these men is often accompanied by greatly
diminished requirements for iron, EPO, and transfu-
sions.

Controlled studies evaluating cost, quality of life, and
requirements for EPO, iron, and transfusion therapy in
anemic hypogonadal men receiving conventional therapy
compared with those also receiving androgens should re-
ceive high priority.
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In reply

I thank Daniell for his interest in my editorial, but I cannot
endorse his assertions. My editorial was not about the dif-
ferential diagnosis of anemia in the elderly. Rather, it was
about the impact of aging on red blood cell production within
the context of 4 articles published simultaneously in the
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Figure. Median erythropoietin and total testosterone levels in men without
polycystic renal disease receiving chronic dialysis for renal failure. To
convert testosterone to nanomoles per liter, multiply by 0.0347.
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ARCHIVES. As discussed in the editorial, aging per se does
not result in anemia, but the associated age-related fall in
male androgen production is probably responsible for the
mild decline in hemoglobin and hematocrit levels observed
in otherwise healthy elderly men.1 Unfortunately, Daniell
has conflated this age-related process with the syndrome of
hypogonadism, when in fact the two have never been dem-
onstrated to be synonymous. As a corollary, there is no proof
for his assertion that hypogonadism “develops frequently with
advancing age.” Daniell’s assertion that androgen therapy
has a useful role in the management of anemia in end-stage
renal disease also contradicts the known physiology of eryth-
ropoiesis. Androgens are neither necessary nor sufficient to
sustain erythropoiesis and are not primarily involved in the
elegant mechanism for oxygen sensing that regulates EPO
production.2 Indeed, chemical castration, which reduces se-
rum testosterone to zero, has no effect on the serum eryth-
ropoietin level.3

It is axiomatic that anemia in adults is always second-
ary to some other disorder, and it is equally axiomatic that
correction of the underlying disorder is the most effective
means for alleviating the anemia. When hypogonadism is
present, androgen replacement is appropriate; when eryth-
ropoietin production is impaired, recombinant EPO is the
physiologic means for anemia correction. The assertion that
androgen supplementation has a useful role in the latter situ-
ation in the absence of clinical hypogonadism is unproved,
and Daniell’s own data (his Figure) support this. The sta-
tistical analysis he used was inappropriate to his data, which
actually constitutes not 1 but 4 different patient cohorts:
patients with a normal testosterone level who were EPO re-

sponsive; those with a normal testosterone level who were
EPO unresponsive; those with a low testosterone level who
were EPO responsive; and those with a low testosterone level
who were EPO unresponsive. Thus, contrary to Daniell’s
claim, the data actually demonstrate that EPO responsive-
ness was independent of the serum testosterone level. In this
regard, equating a serum testosterone level alone with hy-
pogonadism is inappropriate, and the 280 ng/dL (9.7 nmol/L)
threshold that Daniell chose without age-specific referenc-
ing is higher than the value (196 ng/dL [6.8 nmol/L]) de-
rived from a large healthy male population older than 60
years.4

Furthermore, the assumption that androgen therapy sim-
ply elevates red blood cell mass is untrue. As shown in the
Table, androgen replacement therapy in a hypogonadal man
caused only minimal red blood cell mass elevation but a sub-
stantial reduction in plasma volume. Because recombinant
EPO also reduces the plasma volume, using both agents to-
gether needs a solid rationale. Finally, Daniell makes no men-
tion of the many potential risks of androgens,5 most of which
are particularly relevant in the elderly. The role of andro-
gen supplementation in anemia correction requires a physi-
ologic rationale; recombinant EPO already has one.
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Table. Plasma Volume Contraction Caused by Androgen
Replacement Therapy in a 52-Year-Old Man (Hematocrit
Level, 56.4%)

Variable Expected* Observed* % Change

Red blood cell
mass, mL

2370 2661 �12

Plasma volume,
mL

3393 1824 −46

Total blood
volume, mL

5763 4485 NA

Abbreviation: NA, not applicable.
*The observed values are from Spivak6; the expected values were derived

from the formulas in Pearson et al.7
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