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Background: Anemia is a frequent feature of male hy-
pogonadism and anti-androgenic treatment. We hypoth-
esized that the presence of low testosterone levels in older
persons is a risk factor for anemia.

Methods: Testosterone and hemoglobin levels were mea-
sured in a representative sample of 905 persons 65 years
or older without cancer, renal insufficiency, or anti-
androgenic treatments. Hemoglobin levels were reas-
sessed after 3 years.

Results: At baseline, 31 men and 57 women had ane-
mia. Adjusting for confounders, we found that total and
bioavailable testosterone levels were associated with he-
moglobin levels in women (P=.001 and P=.02, respec-
tively) and in men (P�.001 and P=.03, respectively). Men
and women in the lowest quartile of total and bioavail-
able testosterone were more likely than those in the high-

est to have anemia (men, 14/99 vs 3/100; odds ratio [OR],
5.4; 95% confidence interval [CI], 1.4-21.8 for total and
16/99 vs 1/99; OR, 13.1; 95% CI, 1.5-116.9 for bioavail-
able testosterone; women, 21/129 vs 12/127; OR, 2.1; 95%
CI, 0.9-5.0 for total and 24/127 vs 6/127; OR, 3.4; 95%
CI, 1.2-9.4 for bioavailable testosterone). Among nonane-
mic participants and independent of confounders, men
and women with low vs normal total and bioavailable tes-
tosterone levels had a significantly higher risk of devel-
oping anemia at 3-year follow-up (21/167 vs 28/444; rela-
tive risk, 2.1; 95% CI, 1.1-4.1 for total and 26/143 vs 23/
468; relative risk, 3.9; 95% CI, 1.9-7.8 for bioavailable
testosterone).

Conclusion: Older men and women with low testoster-
one levels have a higher risk of anemia.
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T HERE IS EVIDENCE THAT TES-
tosterone influences eryth-
ropoiesis during male pu-
berty.1 Hemoglobin levels
are similar in prepubertal

boys and girls but increase in boys after
age 13 years, mirroring changes in testos-
terone concentrations. Interestingly, boys
with delayed puberty have hemoglobin lev-
els similar to those of prepubertal boys and
girls, and treatment with testosterone nor-
malizes hemoglobin levels to those ob-
served in the late male puberty.2,3 These
data suggest that testosterone contrib-
utes to the 1- to 2-g/dL difference in he-
moglobin concentration between adult
men and women. If testosterone stimu-
lates erythropoiesis in adults, it is reason-
able to hypothesize that a decline in tes-
tosterone levels with aging may negatively
affect erythropoiesis. Accordingly, men
with hypogonadism or those taking anti-
androgenic drugs frequently have ane-
mia.4-8 Conversely, diseases character-
ized by high testosterone levels and
testosterone replacement therapy often

produce a rise in hemoglobin levels that
sometimes reaches the level of erythrocy-
tosis.9-14 However, whether older men and
women with low testosterone levels are at
higher risk for anemia has never been fully
investigated.

Using data from a population-based
sample, we tested the hypothesis that older
men and women with low testosterone lev-
els are more likely to be affected by ane-
mia and to develop anemia over a 3-year
follow-up period than women with nor-
mal testosterone levels. Understanding the
causes of anemia in older persons is im-
portant because anemia in older persons is
frequently unexplained15 and is associ-
ated with a high risk of disability and ac-
celerated decline of physical function.16-18

METHODS

STUDY POPULATION

The InCHIANTI study19 is an epidemiologic
study conducted on a representative sample of
the population living in the Tuscany region of
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Italy. Of 1270 persons 65 years or older randomly selected from
the population registry, 1155 agreed to participate, 1055 pro-
vided a blood sample, and 1036 (82% of those originally sampled
eligible) had complete data for the analysis presented herein.
Another 110 participants with a history or clinical evidence of
cancer or gastric diseases, and 5 undergoing anti-androgen
therapy, were excluded from the analysis. Finally, since our re-
search team has demonstrated that renal insufficiency is asso-
ciated with anemia only for levels of creatinine clearance lower
than 30 mL/min (0.5 mL/s),20 16 participants with creatinine
clearance below that level were also excluded. The study popu-
lation for the cross-sectional analyses included 905 subjects (396
men and 509 women). Of these, 88 had anemia at the baseline
evaluation, 126 died before the 3-year follow-up visit, and 80
refused to be reevaluated. Thus, the study population for the
longitudinal analysis included 274 men and 337 women who
were not anemic at baseline and were reevaluated after 3 years.

The Italian National Institute of Research and Care on Ag-
ing institutional review board ratified the study protocol. Par-
ticipants consented to participate and to have their blood samples
analyzed for scientific purposes.

BIOLOGICAL SAMPLES

At an initial home interview, participants were provided a plas-
tic container and received detailed instructions for 24-hour urine
collection. Blood samples were obtained from participants af-
ter a 12-hour fast, and after a 15-minute rest. Aliquots of se-
rum and 24-hour urine were stored at −80 C° and were not
thawed until analyzed.

HORMONE MEASUREMENT

Total testosterone level was measured using a radioimmuno-
logic assay (Diagnostic Systems Laboratories, Webster, Tex),
with a minimum detection limit of 0.86 ng/dL (0.03 nmol/L).
In our research laboratory, intra-assay and interassay coeffi-
cients of variation (CVs) assessed for 3 different concentra-
tions were 9.6%, 8.1%, and 7.8%, and 8.6%, 9.1%, and 8.4%,
respectively. Sex hormone–binding globulin (SHBG) concen-
trations were measured by radioimmunoassay (Diagnostic Prod-
ucts Corporation, Los Angeles, Calif ), which has a sensitivity
of 0.04 nmol/L. In our laboratory, interassay and intra-assay
CVs for 3 concentrations (10.8 nmol/L, 64 nmol/L, and 116
nmol/L) were 3.1%, 5.3%, and 6.9% and 2.8%, 3.0%, and 3.6%,
respectively. The serum albumin level was measured with a com-
mercial enzymatic test (Roche Diagnostics, GmbH, Man-
nheim, Germany). Bioavailable testosterone values (serum free
and albumin-bound testosterone but not SHBG-bound testos-
terone) were calculated using the Vermeulen formula.21

ANEMIA-RELATED MEASURES

Hemoglobin levels were analyzed within 4 hours of blood draw-
ing using the autoanalyzer SYSMEX SE-9000 (Sysmex Corpo-
ration, Kobe, Japan). Anemia was defined according to the World
Health Organization criteria22 as hemoglobin levels lower than
12 g/dL for women and 13 g/dL for men.

Erythropoietin (EPO) was measured in duplicate by Quest
Laboratories (Baltimore, Md) using the Advantage EPO che-
miluminescence immunoassay (Nichols Institute Diagnos-
tics, San Clemente, Calif ), which has a sensitivity of 1.2 mU/
mL, and a CV of lower than 6%. The mean of the 2 assays was
used in the analysis.

Folic acid and cyanocobalamin (vitamin B12) levels were mea-
sured by a radioimmunologic assay (ICN Pharmaceuticals, New
York, NY). The minimum detectable concentrations were 0.6

ng/mL for folic acid and 25 pg/mL for vitamin B12; the interas-
say CV was 7.1% for folic acid and 12.3% for vitamin B12. Vi-
tamin B12 deficiency was defined as a concentration lower than
200 pg/mL; folate deficiency, as a concentration lower than
2.2 ng/mL.23

Serum ferritin and soluble transferrin receptor (sTfr) lev-
els were measured in duplicate using chemiluminescent im-
munoassays (Abbott Diagnostics, Abbott Park, Ill, and Ni-
chols Institute Diagnostics). The minimum detectable
concentrations for these methods were 5 ng/mL for ferritin and
0.1 nmol/L for sTfr, with a CV of lower than 7% for both meth-
ods. The circulating iron level was assessed by a colorimetric
assay (Roche Diagnostics, GmbH, Mannheim), with a sensi-
tivity of 5 µg/dL and a CV lower than 3%. A serum sTfr/log
(ferritin) ratio above 1.5 indicated iron deficiency.24

Serum interleukin 6 (IL-6) levels were measured in dupli-
cate by high-sensitivity enzyme-linked immunosorbent as-
says (BIOSOURCE, Camarillo, Calif). The lowest detectable con-
centration was 0.1 pg/mL, and the interassay CV was 4.5%.

COMORBID CONDITIONS

A clinician ascertained coronary heart disease (angina and myo-
cardial infarction), congestive heart failure, stroke, diabetes, hy-
pertension, and chronic obstructive pulmonary disease accord-
ing to preestablished criteria that combined information from
physician diagnoses, pharmacologic treatment, medical rec-
ords, clinical examinations, and blood test results.25 Serum and
24-hour urinary creatinine levels were measured using a modi-
fied Jaffe method and were then used to calculate creatinine
clearance. Body mass index (BMI), calculated as weight in ki-
lograms divided by the square of height in meters, was based
on objective measures. Smoking was coded as “ever smoked”
vs “never smoked” based on self-report.

STATISTICAL ANALYSIS

Data are reported as mean±SD values, medians, and interquar-
tile ranges or percentages. Because of skewed distributions, log-
transformed values for EPO and IL-6 levels were used in re-
gression analyses. Comparisons across subgroups were
performed using age-adjusted linear or logistic regression mod-
els. The relationships of total and bioavailable testosterone lev-
els with hemoglobin levels is depicted in scatterplots using age-
adjusted hemoglobin values, summarized by locally weighted
polynomial regression smoothers,26 and tested in sex-specific
linear regression models adjusted for multiple confounders.
“Age�testosterone” and “BMI�testosterone” interaction terms
were introduced in these linear models to test the hypothesis
that the relationship between testosterone and hemoglobin lev-
els is different in different age and BMI groups. Since we found
no statistical evidence for such interactions, they were re-
moved from the presented models.

The prevalence of anemia across total and bioavailable tes-
tosterone quartiles was compared by sex-specific logistic re-
gression models, adjusted for age and multiple confounders.
To capture linear and nonlinear effects, testosterone quartiles
were inserted in these models both as dummy (using the up-
per quartile as reference) and ordinal variables (tests for trend).
We hypothesized that a low testosterone level would be more
strongly associated with anemia without a clear clinical cause
(unexplained anemia) than with anemia accompanied by 1 or
more potential causes. Thus, all cross-sectional analyses were
conducted in the entire eligible population and in a “re-
stricted” group of participants free of major causes of anemia,
namely, participants with a normal circulating iron level
(�60 µg/dL [10.7 µmol/L]) and no deficiency in iron ([Tfr/log
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(ferritin)] ratio �1.5), folate (�2.2 ng/mL), vitamin B12

(�200 pg/mL).15

For the longitudinal analysis, the number of “new anemia”
events was too small to conduct a full analysis across quar-
tiles. Therefore, logistic regression models were used to esti-
mate the relative risk of developing anemia associated with total
and bioavailable testosterone levels in the lowest quartile (“low”
testosterone level) compared with the other 3 quartiles (“nor-
mal” testosterone level), after adjusting for age, baseline he-
moglobin level, and multiple potential confounders.

All analyses were performed using the SAS statistical pack-
age, version 9.1 (SAS Institute Inc, Cary, NC).

RESULTS

CROSS-SECTIONAL ASSOCIATION BETWEEN
TESTOSTERONE AND HEMOGLOBIN LEVELS

Of the 396 men in the study population, 31 (7.8%) had
anemia at baseline, and 20 of these had no evident causes
of anemia. Of the 509 women, 57 (11.2%) had anemia,
and 26 of these had no evident cause for anemia. Com-
pared with participants with normal hemoglobin levels,
men and women with anemia and especially those with
“unexplained” anemia had lower total and bioavailable
testosterone levels, were more likely to have a stroke his-
tory, and had higher IL-6 levels. Women with unex-
plained anemia also had a lower BMI than those with-
out anemia (Table 1). In both men and women, the
bioavailable testosterone level was negatively correlated
with age (men, r=−0.34; P�.001; women, r=−0.11;
P=.01) and positively correlated with BMI (men, r=−0.15;
P=.003; women, r=−0.25; P�.001).

Independent of age, total and bioavailable testoster-
one levels were linearly correlated with hemoglobin lev-

els (Figure 1). The regression coefficients relating se-
rum total and bioavailable testosterone levels with
hemoglobin level were larger in women than in men
(Table2), and there were significant “sex�testosterone”
interactions (P=.03 for total and P=.05 for bioavailable
testosterone). However, standardized regression coeffi-
cients, which estimate the average difference in hemo-
globin associated with a 1-SD change in total and bio-
available testosterone levels, were almost identical in the
2 sexes (Table 2). These findings were substantially un-
changed after adjusting for age, BMI, smoking, creati-
nine clearance, diabetes mellitus, hypertension, coro-
nary heart disease, congestive heart failure, stroke, chronic
obstructive pulmonary disease, and IL-6 and EPO lev-
els, and after restricting the analysis to 256 male and 336
female participants with normal serum iron levels and
no deficiencies of iron, vitamin B12, or folate.

CROSS-SECTIONAL ASSOCIATION BETWEEN
TESTOSTERONE LEVEL AND ANEMIA

Independent of age, the prevalence of anemia was pro-
gressively higher from the highest to the lowest quar-
tiles of total and bioavailable testosterone levels (Figure2
and Table 3), and tests for linear trend were statisti-
cally significant, except for total testosterone level in
women (P=.05). After adjusting for multiple confound-
ers, we found that men in the lowest total and bioavail-
able testosterone level quartiles, compared with men in
the highest quartile, were, respectively, 5.4 (14/99 vs
3/100; 95% CI, 1.4-21.8) and 13.1 (16/99 vs 1/99; 95%
CI, 1.5-116.8) times more likely to be anemic (Table 3).
Analogously, women in the lowest bioavailable testos-
terone level quartile were 3.4 (24/127 vs 6/127; 95% CI,

Table 1. Clinical Characteristics of the Study Population*

Characteristic

Men (n = 396) Women (n = 509)

No Anemia
(n = 365)

Explained
Anemia
(n = 11)

Unexplained
Anemia†
(n = 20)

No Anemia
(n = 452)

Explained
Anemia
(n = 31)

Unexplained
Anemia†
(n = 26)

Total testosterone, ng/dL 438 ± 119 355 ± 135‡ 332 ± 121§ 64 ± 30 54 ± 28 52 ± 27‡
Bioavailable testosterone, ng/dL 96 ± 39 62 ± 31� 61 ± 25§ 12 ± 9 9 ± 9 7 ± 6�
Age, y 73.8 ± 6.3 78.2 ± 6.7 81.4 ± 8.6 75.1 ± 7.0 81.9 ± 7.8 84.9 ± 9.3
BMI 27.3 ± 3.2 26.7 ± 2.3 26.3 ± 2.4 27.9 ± 4.4 26.9 ± 4.1 25.3 ± 3.0�
Smokers 76 (20.8) 0 (0.0) 5 (25) 40 (8.8) 3 (9.7) 0 (0.0)
Stroke 17 (4.7) 3 (27.3)� 6 (30.0)§ 14 (3.1) 4 (12.9)‡ 1 (3.8)
Hypertension 209 (57.3) 7 (63.6) 12 (60.0) 288 (63.7) 23 (74.2) 18 (69.2)
Diabetes mellitus 45 (12.3) 2 (18.2) 3 (15.0) 40 (8.8) 2 (6.4) 2 (7.7)
CHD 37 (10.1) 2 (18.2) 3 (15.0) 22 (4.9) 2 (6.4) 2 (7.7)
CHF 18 (4.9) 18 (4.9) 2 (10.0) 20 (4.4) 1 (3.2) 2 (7.7)
COPD 55 (15.1) 1 (9.1) 3 (15.0) 7 (1.5) 0 (0.0) 2 (7.7)
IL-6 median (interquartile

range), pg/mL
1.5 (1.6) 1.2 (2.0) 2.6 (1.9)§ 1.3 (1.2) 1.4 (1.7) 1.9 (2.6)�

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); CHD, coronary heart disease;
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; IL-6, interleukin 6.

SI conversion factors: To convert testosterone to nanomoles per liter, multiply by 0.0347.
*Unless otherwise indicated, data are reported as mean ± SD values or number (percentage) of patients.
†Defined as anemia with a normal serum iron level and no deficiencies of iron, cyanocobalamin (vitamin B12), or folate.
‡P�.05, age adjusted and compared with no anemia.
§P�.01, age adjusted and compared with no anemia.
�P�.001, age adjusted and compared with no anemia.
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1.2-9.4) times more likely to have anemia than women
in the highest quartile. In women, there was a nonsig-
nificant trend for higher anemia prevalence from the high-
est to the lowest total testosterone level quartiles (from
quartile 1 to quartile 4: 16.3%, 11.0%, 7.9%, and 9.5%;
P=.12).

In adjusted analysis on the restricted sample, the sig-
nificant trend of higher anemia prevalence across total
and bioavailable testosterone level quartiles was still sta-
tistically significant for both men and women. Women
in the first and second testosterone level quartiles were
at least 4 times (significantly) more likely to be affected
by anemia than those in the highest quartiles. In spite of

the significant test for trend, men in the first, second, and
third total and bioavailable testosterone level quartiles
were not significantly more likely to be anemic com-
pared with those in the highest quartiles, probably be-
cause of the small sample size (Table 3). Since none of
the men in the highest quartile of bioavailable testoster-
one level was anemic, to calculate the odds ratios (ORs)
for this specific analysis, we randomly assigned the di-
agnosis of anemia to 1 male participant in this group.
Therefore, the statistic reported in Table 3 represents a
conservative estimate of the true association.

In sex-stratified logistic regression models predict-
ing anemia and adjusted for age and levels of vitamin B12,
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Figure 1. Relationship of total and bioavailable testosterone levels with hemoglobin level in all InCHIANTI19 participants and restricted to those with normal serum
iron levels and no deficiencies of iron, cyanocobalamin (vitamin B12), or folate. Hemoglobin values are age adjusted. The relationships are summarized using
locally weighted regression smoothers. To convert testosterone to nanomoles per liter, multiply by 0.0347.
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folic acid, log(ferritin), creatinine, and log(EPO), a 1-SD
higher total testosterone level was associated with 35%
lower likelihood of anemia in men (OR, 0.64; 95% CI,
0.46-0.90) and 73% lower risk of anemia in women (OR,
0.33; 95% CI, 0.14-0.96). Similar findings were ob-
tained for the bioavailable testosterone level (data not
shown).

LONGITUDINAL ASSOCIATION OF LOW
TESTOSTERONE LEVEL WITH ANEMIA RISK

The longitudinal analysis was conducted in 274 male and
337 female participants free of anemia at baseline who
were reevaluated after 3 years. Of these, 23 men (8.3%)
and 26 women (7.7%) developed anemia. Adjusting for
multiple confounders, we found that men and women
in the lowest total testosterone level quartile were, re-
spectively, 1.4 (95% CI, 0.4-4.7) and 2.5 (95% CI, 1.0-
6.3) times more likely to develop anemia than those in
the other 3 quartiles, although in both cases the excess
risk associated with a low testosterone level was not sta-
tistically significant. The risk of developing anemia as-
sociated with a low testosterone level became statisti-
cally significant (relative risk, 2.1; 95% CI, 1.1-4.1) when
men and women were combined in the same analysis
(Table4). The association between low testosterone level
and anemia was more robust and highly significant for
the bioavailable testosterone level. After adjusting for mul-
tiple confounders, we found that men and women in the
lowest bioavailable testosterone level quartile were, re-
spectively, 4.7 (95% CI, 1.3-16.8) and 4.4 (95% CI, 1.7-
11.2) times more likely to develop anemia than those in
the other 3 quartiles.

COMMENT

We found that older persons with low testosterone lev-
els tend to have lower hemoglobin levels, are more likely
to have anemia, and have a higher risk of developing ane-
mia over a 3-year follow-up period. The risk of anemia
associated with a low testosterone level and anemia was

similar in the whole study population and in partici-
pants with normal serum iron levels and no deficiencies
of iron, vitamin B12, or folate. Both the cross-sectional and
the longitudinal associations of testosterone level with
anemia were stronger for bioavailable than for total tes-
tosterone level.

To our knowledge, this is the first study that directly
addresses the hypothesis that a low testosterone level is
a risk factor for anemia in older persons. Our findings
are consistent with the frequent development of anemia
in patients affected by hypogonadism or those taking anti-
androgen drugs4-7 and with the fact that androgen treat-
ment helps correct anemia in patients undergoing he-
modialysis and may enhance erythropoiesis even in
hypoproliferative anemia where EPO is relatively inef-
fective.27,28

Although the association between low testosterone level
and lowered hemoglobin level was statistically signifi-
cant, many participants with low testosterone levels were
not anemic, and many of those who were anemic had nor-
mal testosterone levels. These findings suggest that a low
testosterone level increases the susceptibility to anemia
but may not be a sufficient causal factor for anemia, prob-
ably because the effect can be counteracted by alterna-
tive mechanisms. Consistent with this hypothesis, we
found that the testosterone level was a similar predictor
of anemia in the whole study population and in partici-
pants free of potential causes of anemia, and there is evi-
dence in the literature that anemia in older persons is mul-
tifactorial.29

The somewhat stronger association of anemia with a
bioavailable rather than with total testosterone level is not
surprising. In fact, SHBG and albumin levels, which con-
siderably affect the portion of total testosterone level that
is bioactive, are highly variable in older persons.21,30

The mechanism through which testosterone stimu-
lates erythropoiesis is unclear. Testosterone enhances the
proliferation of erythroid burst–forming units and colony-
forming units by stimulating specific nuclear receptors,
and this effect is completely abolished by pretreating mar-
row cells with cyproterone and flutamide, which selec-

Table 2. Linear Regression Models for the Relationship of Testosterone Levels With Hemoglobin Levels

Testosterone
Level, ng/mL

Adjusted for Age Fully Adjusted* Fully Adjusted* and Restricted†

� ± SE
Standardized

�‡
P

Value � ± SE
Standardized

�‡
P

Value � ± SE
Standardized

�‡
P

Value

Men
Total 0.15 ± 0.05 0.14 .002 0.18 ± 0.05 0.17 �.001 0.14 ± 0.05 0.17 .004
Bioavailable 0.37 ± 0.15 0.12 .02 0.34 ± 0.15 0.11 .03 0.37 ± 0.17 0.13 .03

Women
Total 0.51 ± 0.16 0.14 .001 0.50 ± 0.15 0.15 .001 0.62 ± 0.19 0.17 .002
Bioavailable 1.53 ± 0.50 0.12 .002 1.21 ± 0.50 0.10 .02 0.90 ± 0.58 0.10 .13

Abbreviations: BMI (body mass index, calculated as weight in kilograms divided by the square of height in meters); CHD, coronary heart disease; CHF,
congestive heart failure; COPD, chronic obstructive pulmonary disease; EPO, erythropoietin; IL-6, interleukin 6.

SI conversion factor: To make the regression coefficients more easily interpretable, in this analysis total and bioavailable testosterone levels are expressed as
nanograms per milliliter and not, as conventionally, nanograms per deciliter. To convert testosterone to nanomoles per liter, multiply by 0.000347.

*Adjusted for age, BMI, smoking, creatinine clearance, diabetes mellitus, hypertension, CHD, CHF, stroke, COPD, IL-6 level, and EPO level.
†Restricted to the 256 men and 336 women with normal serum iron levels and no deficiencies of iron, cyanocobalamin (vitamin B12), or folate.
‡Standardized � represents the estimated average change in hemoglobin level associated with a 1-SD difference in the independent variable.

(REPRINTED) ARCH INTERN MED/ VOL 166, JULY 10, 2006 WWW.ARCHINTERNMED.COM
1384

©2006 American Medical Association. All rights reserved.



tively block androgen binding to nuclear androgen re-
ceptors.31 Moreover, androgens cause a sustained
expansion of human female but not male erythroid pro-
genitors.32 This is consistent with our finding that the tes-
tosterone-anemia association is stronger in women than
in men. Noteworthy, using standardized regression co-
efficients, we found the effect of testosterone levels on
hemoglobin values in men and women to be almost iden-
tical, suggesting that the testosterone-signaling path-
way has different settings in men and women. There-
fore, enhancements of erythropoiesis of the same
magnitude require changes in testosterone levels ap-
proximately 3-fold higher in men than in women (stan-

dard deviation for total testosterone, 121 ng/dL [4.2
nmol/L] in men and 39 ng/dL [1.4 nmol/L] in women;
standard deviation for bioavailable testosterone, 30 ng/dL
[1.0 nmol/L] in men and 9 ng/dL [0.3 nmol/L] in women).

Also, it has been suggested that testosterone may ex-
ert its erythropoietic activity by stimulating EPO.33-35 In
our analysis, a low testosterone level remained a strong
significant risk factor for anemia even with adjustment
for EPO levels. This is consistent with previous findings
showing that the erythropoietic activity of androgens is
relatively erythropoietin independent.36,37 Parallel, rela-
tively independent mechanisms for the erythropoietic
effect of androgens and EPO may explain why studies
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Figure 2. Crude and age-adjusted prevalence of anemia according to total and bioavailable testosterone level quartiles in all InCHIANTI19 participants and restricted
to cases of unexplained anemia (ie, normal serum iron levels and no deficiencies of iron, cyanocobalamin (vitamin B12), or folate. To convert testosterone to
nanomoles per liter, multiply by 0.0347.

(REPRINTED) ARCH INTERN MED/ VOL 166, JULY 10, 2006 WWW.ARCHINTERNMED.COM
1385

©2006 American Medical Association. All rights reserved.



Table 3. Logistic Regression Models for the Likelihood of Anemia

Testosterone
Level, ng/dL

Adjusted for Age Fully Adjusted* Fully Adjusted* and Restricted†

OR (95% CI)
P Value
for Trend OR (95% CI)

P Value
for Trend OR (95% CI)

P Value
for Trend

Men
Total .03 .01 .05

�354 3.7 (1.0-13.7) 5.4 (1.4-21.8) 6.7 (0.7-68.1)
354-420 2.5 (0.6-10.0) 2.5 (0.6-11.0) 2.4 (0.17-32.6)
421-500 2.1 (0.5-8.7) 2.4 (0.5-10.5) 5.1 (0.5-57.0)
�500 1.0 1.0 1.0

Bioavailable .01 .01 .01
�68.1 9.7 (1.2-78.0) 13.1 (1.5-116.9) 5.1 (0.1-20.2)
68.1-90.7 7.9 (1.0-64.6) 12.9 (1.4-119.4) 2.2 (0.2-27.7)
90.7-114.9 4.6 (0.5-41.0) 6.0 (0.6-58.5) 1.7 (0.5-51.6)
�114.9 1.0 1.0 1.0‡

Women
Total .05 .06 .01

�46 2.0 (0.9-4.6) 2.1 (0.9-5.0) 4.1 (1.1-14.7)
46-61 1.4 (0.6-3.4) 1.5 (0.6-3.7) 4.0 (1.1-15.0)
61-81 1.0 (0.4-2.4) 1.1 (0.4-3.0) 1.4 (0.3-15.8)
�81 1.0 1.0 1.0

Bioavailable .004 .01 .002
�5.7 3.7 (1.4-9.8) 3.4 (1.2-9.4) 6.5 (1.4-29.3)
5.7-9.4 2.7 (1.0-7.4) 2.6 (0.9-7.4) 4.6 (1.0-20.6)
9.4-15.0 1.7 (0.6-5.1) 1.7 (0.6-5.2) 3.0 (0.6-14.0)
�15.0 1.0 1.0 1.0

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); CHD, coronary heart disease; CHF,
congestive heart failure; CI, confidence interval; COPD, chronic obstructive pulmonary disease; EPO, erythropoietin; IL-6, interleukin 6; OR, odds ratio.

SI conversion factor: To convert testosterone to nanomoles per liter, multiply by 0.0347.
*Adjusted for age, BMI, smoking, diabetes, hypertension, CHD, CHF, stroke, COPD, and IL-6 level.
†Restricted to the 256 men and 336 women with normal serum iron levels and no deficiencies of iron, cyanocobalamin (vitamin B12), or folate.
‡Since none of the men in the reference group was anemic, ORs and 95% CIs were estimated after coding as anemic a participant randomly selected within this

group.

Table 4. Logistic Regression Models For the Risk of Developing Anemia Associated
With Low Testosterone Level in Participants Free of Anemia at Baseline

Testosterone
Level, ng/dL

3-Year Incidence
of Anemia

Unadjusted Fully Adjusted*

RR (95% CI) P Value RR (95% CI) P Value

Men
Total

�354 9/61 (14.8) 2.5 (1.0-6.0) .05 1.4 (0.4-4.7) .62
�354 14/213 (6.6)

Bioavailable
�68.1 13/62 (21.0) 5.4 (2.2-12.9) �.001 4.7 (1.3-16.8) .02
�68.1 10/212 (4.7)

Women
Total

�46 12/106 (11.3) 2.0 (0.9-4.4) .10 2.5 (1.0-6.3) .06
�46 14/231 (6.1)

Bioavailable
�5.7 13/81 (16.1) 3.6 (1.6-8.1) .002 4.4 (1.7-11.2) .002
�5.7 13/256 (3.9)

Whole Sample†
Total

Low‡ 21/167 (12.6) 2.1 (1.2-3.9) .01 2.1 (1.1-4.1) .03
Normal 28/444 (6.3)

Bioavailable
Low‡ 26/143 (18.2) 4.3 (2.4-7.8) �.001 3.9 (1.9-7.8) �.001
Normal 23/468 (4.9)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); CHD, coronary heart disease; CHF,
congestive heart failure; CI, confidence interval; COPD, chronic obstructive pulmonary disease; EPO, erythropoietin; IL-6, interleukin 6; RR, relative risk.

SI conversion factor: To convert testosterone to nanomoles per liter, multiply by 0.0347.
*Adjusted for age, baseline hemoglobin level, BMI, smoking, diabetes mellitus, hypertension, CHD, CHF, stroke, COPD, and log(IL-6).
†All analyses performed on the whole sample are also sex adjusted.
‡Low testosterone level was defined by testosterone values included in the lowest sex-specific quartile (men, �354 ng/dL for total and �68.1 ng/dL for

bioavailable testosterone level; women, �46 ng/dL for total and �5.7 ng/dL for bioavailable testosterone level).
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conducted in men undergoing hemodialysis found that
concurrent androgen therapy greatly augmented the ef-
fectiveness of EPO treatment and reduced the EPO mini-
mal necessary dose to maintain a satisfactory hemoglo-
bin level.38

The main limitation of this study is that the testos-
terone level was measured only once. Changes in testos-
terone levels over the 3-year follow-up period may have
considerably affected the anemia risk. Information on re-
ticulocytes was also not available, and therefore, whether
a low testosterone level is associated with reduced eryth-
ropoiesis remains unknown. Additionally, transient ane-
mia events that occurred and reversed before the 3-year
follow-up evaluation were not considered. Finally, we used
the World Health Organization definition22 of anemia to
make our study comparable to other studies in the lit-
erature, but the validity of using such a definition in older
persons has been recently challenged.18 Our study also
has strengths. We collected information on testosterone
levels and other measures that, in the absence of direct
assessment of bone marrow, are considered the gold stan-
dard for determining the pathophysiologic characteris-
tics of anemia.

The results of this study have opened new questions
about the pathophysiologic characteristics of anemia in
older patients. We suggest that low testosterone levels
could be a susceptibility factor for anemia that has been
generally neglected. We suggest that low testosterone lev-
els should be considered a potential cause or cocause of
anemia in older men and women, especially when other
plausible causes have been excluded, and in patients with
nutritional deficiencies in whom nutritional supplemen-
tation of iron and vitamins has been ineffective. How-
ever, our findings should be confirmed in larger popu-
lations and in other clinical settings before they can be
considered for clinical applications. In particular, the in-
terplay between testosterone level and EPO in modulat-
ing erythropoiesis in older persons should be better char-
acterized.

Recent studies have established a strong and indepen-
dent relationship between hemoglobin level and many
of the potential targets of testosterone supplementa-
tion, including muscle strength, muscle fatty infiltra-
tion, bone mineral density, physical performance, and cog-
nition.16,17,39-41 The findings of the present study raise the
possibility that some of the effects of testosterone supple-
mentation may be mediated by the increased hemoglo-
bin levels. This possibility should be carefully consid-
ered in evaluating the results of trials of androgen
replacement therapy.
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