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Abstract
Background. Hypogonadism or testosterone deficiency is
a prevalent condition in men with chronic kidney disease
(CKD). Testosterone stimulates erythropoiesis via produc-
tion of haematopoietic growth factors and possible im-
provement of iron bioavailability. We hypothesized that
testosterone deficiency predisposes to anaemia and reduced
responsiveness to erythropoiesis-stimulating agents (ESAs)
in CKD men.
Materials and methods. We studied associations be-
tween endogenous testosterone and haemoglobin in 239
ESA-naı̈ve nondialysed CKD Stages 1–5 male patients.
Additionally, we studied associations between endoge-
nous testosterone levels and ESA dose (U/kg/week) in
126 ESA-treated men undergoing haemodialysis (HD).
Results. Among ESA-naı̈ve males, patients with anaemia
presented lower testosterone values. Endogenous testos-
terone was negatively associated with haemoglobin levels
in uni- and multivariate models. Testosterone-deficient
patients (total testosterone <10 nmol/L) were 5.3 (95%
confidence interval 2.2–12.5) times more likely to be
anaemic (Hb < 13.0 g/dL) than testosterone-sufficient
patients. In ESA-treated men undergoing HD, higher
ESA doses (above the median value of 121 IU/kg body

weight/week) are associated with lower testosterone
levels and higher percentage of hypochromic red blood
cells (RBC). The inverse association between testosterone
levels and ESA doses persisted after multivariate adjust-
ment for age, sex hormone-binding globulin, comorbid-
ities, C-reactive protein and s-albumin but was lost after
further adjustment for iron medication and hypochromic
RBC.
Conclusions. Hypogonadism may be an additional cause
of anaemia and reduced ESA responsiveness in men with
CKD. Our results raise the possibility that restoration
of testosterone levels in hypogonadal CKD males may
translate into lower prevalence of anaemia and better
ESA responsiveness.

Keywords: androgens; chronic kidney disease; erythropoietin;
sex hormones

Introduction

Anaemia and hyporesponsiveness to erythropoiesis-
stimulating agents (ESA) are important phenomena
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affecting patients with chronic kidney disease (CKD),
which portend increased morbidity, mortality and a signifi-
cant health care economic burden [1–3]. There are multiple
causes of ESA hyporesponsiveness, the most important
being, blood losses, iron-restricted erythropoiesis and inflam-
mation [4–7]. Other less common and/or not consistently
observed factors that may modify ESA responsiveness in-
clude other putative causes of anaemia, such as haematolog-
ical diseases, malignancies, noncompliance, severe
secondary hyperparathyroidism, high altitude, insulin resist-
ance, statins and vitamin-D deficiency [8–11].

The association between androgens and erythropoiesis
has been known for more than seven decades, and one
common effect of testosterone therapy in non-renal popu-
lations is an increase in haemoglobin levels [12]. The exact
mechanism(s) by which testosterone stimulates erythropoi-
esis is however, not yet evident. Although androgens have
been reported to have myelostimulating effects by inducing
production of haematopoietic growth factors in bone mar-
row stromal cells [13], it has been speculated that testoster-
one may also influence iron bioavailability [14]. Before the
introduction of recombinant human erythropoietin into
clinical practice, androgens were sometimes used to treat
anaemia in dialysis patients [15, 16]. Androgens have also
been suggested as adjuvants to ESA in the treatment of
CKD patients with anaemia [17–19], but the risk of side
effects has precluded its use in large numbers of dialysis
patients [20].

Although testosterone deficiency is a prevalent condition
in men with CKD [21–26], it has so far received scarce
medical attention. The aims of this study were to evaluate if
endogenous testosterone levels are associated with haemo-
globin and ESA responsiveness in men with CKD and if
the condition of testosterone deficiency contributes to the
high prevalence of anaemia. This hypothesis is supported
by a previous small sample size study, suggesting that en-
dogenous testosterone may participate in the ESA resist-
ance associated with renin–angiotensin system blockade in
patients on haemodialysis (HD) [27]. We studied this in
two carefully phenotyped cohorts of male CKD patients
in whom testosterone levels had been analysed; one se-
lected group of ESA-naı̈ve CKD Stages 1–5 male patients
and a prevalent group of ESA-treated men undergoing HD.

Material and methods

This study includes post hoc analyses in two independent cohorts (one
from Turkey and one from Sweden) described as follows.

Cohort 1: ESA-naı̈ve men with CKD Stages 1–5 non-dialysis

The ethical committee of Gulhane School of Medicine (Etlik-Ankara,
Turkey) approved the study, and informed consent was obtained from
each subject. Subjects were 239 prevalent male patients recruited between
March 2006 and June 2010, who were referred to the Renal Unit of the
Gulhane School of Medicine Medical Center, Ankara, Turkey for the first
time because of suspected or manifest renal failure. The protocol of this
cohort has been described in more detail elsewhere [25]. All patients were
diagnosed as having CKD according to their estimated glomerular filtra-
tion rate (eGFR) and the presence of kidney injury as defined by National
Kidney Foundation K/DOQI Guidelines [28]. Since this cohort was orig-
inally designed to study factors influencing endothelial dysfunction, pa-
tients taking the following medications at time of inclusion were excluded
from the analysis: angiotensin-converting enzyme inhibitors (ACEIs), an-

giotensin receptor blockers (ARBs), statins, ESA or supplemental vitamin
pills. In addition, exclusion criteria included acute infections and unwill-
ingness to participate in the study. General characteristics of the patients
included are detailed in Table 1. Thirty-eight of the patients were on
antihypertensive therapy (21 patients were treated with calcium channel
antagonists, five with beta-blocker agents, three with alpha blockers and
nine with loop diuretics). Fifty-three of the patients were on antidiabetic
therapy (21 patients were treated with oral antidiabetics and 32 with in-
sulin). As soon as diabetic nephropathy was diagnosed, all patients with
oral antidiabetics were changed to insulin.

Blood specimens were obtained in the morning after overnight fasting.
Routine biochemical measurements included serum albumin, haemoglo-
bin, parathyroid hormone (PTH) and high-sensitivity C-reactive protein
(CRP). Serum total testosterone levels were assessed post hoc from frozen
samples. Quantification was done in a Modular Analytics E170 Module
(Roche Diagnostics, Indianapolis, IN), using a radioimmunoassay kit
(Diagnostic Systems Laboratories, Webster, TX). The reference range
according to the kit manufacturers was 10–28 nmol/L (or 288–800 ng/dL).

Cohort 2: ESA-treated prevalent male patients undergoing HD

The Ethics Committee of Karolinska Institutet Hospital and Uppsala Uni-
versity Hospital approved the study protocols. Informed consent was ob-
tained from all patients before inclusion in the study. Subjects were 126
prevalent men undergoing HD recruited between October 2003 and March
2004. The protocol of this cohort has been described in more detail else-
where [29]. Since this cohort was originally designed to study factors
influencing variability of the inflammatory status over time, exclusion
criteria applied were missing repeated CRP values, acute infections,
HIV, hepatitis B and unwillingness to participate. General characteristics
of the included patients are detailed in Table 3. Patients were treated
with HD three times a week (4–5 h/session) using bicarbonate dialysate
and high-flux (22%) or low-flux (78%) dialysis membranes. Most
patients were on antihypertensive medications (b-blockers, n ¼ 69,
calcium-channel blockers, n ¼ 33 and ACEIs/ARBs, n ¼ 46) as well as
other commonly used drugs in terminal CKD (such as phosphate and
potassium binders) and vitamin B, C and D supplementation. Forty-three
patients were on lipid-lowering medication (statins). All patients were
receiving ESAs at time of evaluation. The ESA dose was recorded for
each patient as international units administered per week (U/week).
Weekly doses of darbepoetin in micrograms were converted to interna-
tional units of erythropoietin by multiplying with a conversion factor of
200. The median ESA equivalent dose was 10 000 (6 000–14 750) U/
week, which was normalized for body weight and presented as U/kg/week
in the following analyses. Intravenous iron sucrose (Venofer�) was rou-
tinely given to the patients on clinical indication as judged by the neph-
rologist in charge of the patient. Sixty-nine percent of the patients received
iron sucrose at the onset of the study.

Blood specimens were collected before the HD session after the longest
interdialytic period. High-sensitivity CRP, albumin, haemoglobin concen-
trations and the percentage of hypochromic red blood cells (RBCs) (per-
cent of RBCs with Hb concentration <28.0 g/dL) were analysed using
routine methods in the Department of Laboratory Medicine at Karolinska
University Hospital or Uppsala Academic Hospital. Serum total testoster-
one levels and sex hormone-binding globulin (SHBG) were assessed post
hoc from frozen samples, using certified routine methods in the Depart-
ment of Laboratory Medicine at Karolinska University Hospital. The sen-
sitivity of the method was <0.4 nmol/L and the coefficient of variation
7.6%. For the purpose of this study, testosterone deficiency was defined as
<10 nmol/L in both cohorts according to the definitions of each local
Laboratory Department and the Endocrine Society [30]. A cutoff of 10
nmol/L was shown to be the level where symptoms of hypogonadism
started to be significantly more prevalent in elderly patients [31].

Statistical analysis

The variables are expressed as means � standard deviations, medians
(interquartile ranges) or percentages, as appropriate. Statistical signifi-
cance was set at P < 0.05. As many values were not normally distributed,
Spearman’s rank correlation (Rho) was used to determine correlations
between testosterone and selected variables. The clinical phenotypes of
the groups considered were compared using the Kruskal–Wallis test (for
continuous variables) or v2-test (for nominal variables). A multivariate
linear regression analysis was performed to test the independence of the
association between haemoglobin and ESA with testosterone levels. Data
is presented as betas (b) and standard errors (SEs). A logistic regression
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analysis was performed to test the probability of testosterone-deficient
patients to have anaemia. Data is presented as odds ratios and 95% con-
fidence intervals. Statistical analyses were performed using STATA
version 11.1 (StataCorporation, College Station, TX).

Results

In order to study the association of endogenous testosterone
levels with haemoglobin in CKD patients, we used a cohort
of ESA-naı̈ve CKD Stages 1–5 male patients. Table 1 de-
picts general characteristics of the patients stratified accord-
ing to the presence/absence of anaemia (defined according
to the World Health Organization as Hb �13 g/dL for
men). As expected, patients with anaemia had lower eGFR,
had more often diabetes mellitus, presented with higher
degree of inflammation (CRP levels) and tended to have
higher PTH levels. Patients with anaemia also had 35%
lower testosterone levels than those without anaemia.

In univariate analysis, testosterone negatively correlated
with haemoglobin (rho ¼ �0.23, P < 0.001, Figure 1).
PTH (rho ¼ �0.38; P < 0.001) and CRP (rho ¼ �0.33,
P < 0.001), while positively with eGFR (rho ¼ 0.37; P <
0.001). The association between testosterone and haemo-
globin persisted in multivariate analysis after correction
for the abovementioned variables (PTH, CRP and eGFR)
plus age, body mass index (BMI), diabetes, cardiovascular
disease and albumin (Table 2, Panel A). As sensitivity
analysis, results were confirmed after dividing the popula-
tion into patients with and without reduced kidney function
(< and > 60 mL/min/1.73 m2, respectively, not shown).
Using the same confounders in a logistic analysis, we could
observe that patients with testosterone deficiency (defined as
total testosterone <10 nmol/L) had 5.3 times greater prob-
ability to have anaemia than testosterone-sufficient patients
(total testosterone >10 nmol/L, Table 2, Panel B). The
results were similar if a cutoff value for haemoglobin of
12 g/dL was used instead (data not shown).

In order to study the association of endogenous testos-
terone levels with ESA responsiveness, we used a cohort of
ESA-treated prevalent patients undergoing HD. Table 3
depicts general characteristics of these patients stratified
according to median weekly ESA dose/kg of body weight
(U/kg/week). Patients with ESA dose above the median

value had lower total testosterone concentration and in-
creased percentage of hypochromic RBCs.

In univariate analysis, testosterone concentration was
negatively associated with age (rho ¼ �0.23, P < 0.05),
hypochromic RBCs (rho ¼ �0.41, P < 0.001, Figure 2),
ESA dose (rho ¼�0.24, P < 0.01) and CRP (rho ¼�0.38,
P < 0.001) but positively associated with the testosterone
transporter SHBG (rho ¼ 0.31, P < 0.01). Testosterone did
not differ in patients with or without iron medication. The
association between testosterone and ESA dose persisted
after multivariate adjustments for age, SHBG, comorbid-
ities, CRP and albumin (Table 4, Models 1–4). Additional
adjustment for ACEI or statin use did not alter the results
(sensitivity analysis not shown). However, further adjust-
ment for iron medication and hypochromic RBCs made this
association become nonstatistically significant, with the re-
gression coefficient of the association (b) being reduced by
half (from 0.28 to 0.14) (Table 4, Model 6).

Discussion

In the present study, we demonstrate that endogenous tes-
tosterone associates with haemoglobin levels in ESA-naı̈ve
CKD Stages 1–5 patients also following correction for age,
eGFR, inflammation, s-albumin, PTH and comorbidities.
CKD patients with testosterone deficiency were five times
more likely to be anaemic than patients with normal testos-
terone levels. Our data accord with previous reports showing
an association between testosterone levels and haemoglobin
in other patient groups. The study by Grossmann et al. [32]
showed that testosterone deficiency contributed to an in-
creased frequency of anaemia in men with type-2 diabetes
mellitus. In accordance, Bhatia et al. [33] demonstrated that
both low testosterone and chronic inflammation contributed
to mild anaemia in type-2 diabetic men. Other studies sup-
port that not only healthy middle-aged and older men [34]
but also women [35] with low testosterone levels are at
higher risk of anaemia. As there is a clinically and statisti-
cally significant decrease in haemoglobin concentration in
men after orchidectomy [36], the differences in haemoglo-
bin levels between the sexes have in part been attributed to
the higher testosterone levels (usually at least 5–10 times
higher) in men.

Table 1. General characteristics of 239 ESA-naı̈ve CKD Stages 1–5 male patients stratified according to the presence of anaemia in males (according to
WHO)a

All patients,
N ¼ 239

Haemoglobin � 13.0
g/dL, N ¼ 56

Haemoglobin > 13.0
g/dL, N ¼ 183 P-value

Age, years 53 (46–63) 53 (45–63) 55 (47–64) 0.4
eGFR, mL/min/1.73 m2 48 (5–106) 44 (14–80) 69 (28–95) <0.001
Diabetes mellitus, % 22 48 14 0.002
Previous CVD, % 33 34 32 0.6
BMI, kg/m2 26.3 (24.1–28.3) 26.1 (23.8–28.1) 26.4 (25.2–28.2) 0.6
s-Albumin, g/dL 4.0 (3.7–4.3) 4.0 (3.7–4.3) 4.0 (3.7–4.4) 0.4
CRP, mg/L 13.1 (9.0–21.2) 16.0 (9.9–23.0) 11.0 (6.2–16.4) <0.001
PTH, pg/mL 127 (55–168) 131 (59–178) 84 (51–151) 0.05
Total testosterone, nmol/L 12.4 (7.4–14.9) 8.4 (4.8–13.2) 12.8 (9.7–15.4) <0.001

aData are expressed as medians (interquartile ranges) or percentages. CVD, cardiovascular disease; BMI, body mass index.
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Another important finding of our study is the association
between ESA dose and endogenous testosterone levels in
ESA-treated men undergoing HD, a finding that persisted
also when correcting for the impact of confounders, such as
age, the testosterone-binding protein SHBG, inflammation
and comorbidities in multiple regression analysis. This
concords with a previous report on 76 men and women
on HD, where testosterone was associated with erythro-
poietin (EPO) dose independently of age, haemoglobin
and ferritin [27]. When iron medication and hypochromic
RBCs were introduced into the model, the significant asso-

ciation between testosterone levels and ESA dose was lost
in our study. This suggests that testosterone deficiency-
induced anaemia may, at least in part, be mediated via
reduced iron availability for erythropoiesis. Indeed, already
in 1967, Haurani and Green [37] showed that testosterone
supplementation improved iron reutilization (but not the
intestinal absorption). Results from the recent study by
Bachman et al. [14] lend further support to the concept that
testosterone administration leads to better iron mobiliza-
tion. In their study of healthy young men, testosterone
supplementation increased haematocrit in a dose- and
age-dependent manner via suppression of the master iron
regulatory peptide hepcidin. The levels of hepcidin are
markedly elevated in CKD and have been thought to be a
novel biomarker of iron status and ESA hyporesponsive-
ness [38]. Indirect support of this is the observation that
high doses of testosterone normalized haematocrit values in
16 HD patients and replenished their bone marrow iron
stores [39].

Altogether, our study identifies hypogonadal CKD men
as a subgroup predisposed to impaired erythropoiesis and
reduced ESA responsiveness, underlining the need for in-
dividualized and sex-specific therapeutic care and manage-
ment [40]. As such, our results raise the question of whether
restoration of testosterone levels to the normal range in
these patients may translate into better ESA responsiveness.
A number of studies in the past addressed androgen sup-
plementation in dialysis patients (both men and women) as
a mean to improve erythropoiesis [15, 16], with some [17–
19], but not all [20] reports suggesting that the combined
use of recombinant EPO and androgens elicit higher hae-
matocrit than EPO alone. There are, however, few studies

Fig. 1. Univariate Spearman correlation between testosterone levels and
haemoglobin concentration in 239 ESA-naı̈ve CKD Stages 1–5 male
patients.

Table 2. Multivariate regression model predicting haemoglobin (per g/dL) concentration (Model 1) and logistic regression analysis predicting the
presence of anaemia (Hb � 13.0 g/dL, Model 2) in 239 ESA-naı̈ve CKD stage 1 to 5 male patientsa

Model 1, prediction of haemoglobin (per g/dL) concentration, adjusted r2: 0.35

b (SE) P-value

Total testosterone (nmol/L) 0.42 (0.02) <0.001
Age (years) 0.07 (0.01) 0.2
BMI (kg/m2) �0.002 (0.04) 0.9
Diabetes mellitus (presence) �0.19 (0.29) <0.001
History of CVD �0.005 (0.11) 0.5
eGFR (mL/min/1.73 m2) 0.39 (0.01) 0.0004
s-Albumin (g/dL) �0.08 (0.35) 0.1
CRP (mg/L) �0.31 (0.02) 0.0003
PTH (pg/mL) �0.16 (0.01) 0.09

Model 2, prediction of anaemia (Hb � 13g/dL), pseudo r2: 0.24

OR (95% CI) P-value

Testosterone deficiency (<10 nmol/L) 5.30 (2.23–12.56) <0.001
Age (>median, 53 years) 1.22 (0.60–2.50) 0.6
BMI (>median, 26.0 kg/m2) 0.77 (0.37–1.62) 0.5
Diabetes mellitus (presence) 5.03 (2.30–11.01) <0.001
History of CVD 1.86 (0.87–3.05) 0.1
eGFR (per 10 mL/min/1.73 m2 decrease) 1.43 (1.11–1.84) 0.005
s-Albumin (>median, 4.0 g/dL) 0.98 (0.46–2.06) 0.9
CRP (>median, 13.0 mg/L) 0.39 (0.13–1.17) 0.09
PTH (>median, 127 pg/mL) 3.66 (0.73–18.2) 0.1

aBMI, body mass index; CVD, cardiovascular disease.
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that have tested the implications of testosterone restoration
in hypogonadal CKD men. Normalization of endogenous
testosterone by topical gels in hypogonadal men with ad-
vanced CKD improved sexual function [41], but daily ad-
ministration of 100 mg of 1% testosterone gel for 6 months
in 40 hypogonadal CKD men neither increased serum tes-
tosterone levels nor had an impact on ESA requirements
[42]. It is possible that greater testosterone dosages may be
required to achieve a clinical benefit in this patient group.
Additionally, alternative methods of administration, such as
intramuscular, may ease compliance and bioavailability.
Based on previous reports in non-renal patient groups,
it can be anticipated that testosterone supplementation in
hypogonadal men with CKD may have beneficial effects
beyond anaemia, such as reducing inflammation [43], en-
hancing mood and cognition [44], improving bone strength
[45] or endothelial function [46] and increasing both
muscle mass and strength [47]. Although testosterone re-
storation in the hypogonadal range is in general considered

safe, a recent small randomized controlled trial calls for
caution: in older testosterone-deficient men with limitations
in mobility and a high prevalence of chronic disease, the
application of a testosterone gel was associated with an
increased risk of cardiovascular adverse events [48].

This study has strengths and limitations that merit dis-
cussion. The inclusion of two independent carefully phe-
notyped cohorts, one of which included ESA-naı̈ve CKD
patients with a wide range of renal function strengthens the
study, is one strength of the study. Additional exclusion of
patients on ACEI or statins in the nondialysed patient ma-
terial is an additional strength when assessing more uncon-
founded associations with haemoglobin [4]. The two main
limitations of the study include a limited sample size (es-
pecially in the dialysis cohort) and the cross-sectional study
design, which precludes from inferring the causality of the
observed associations. Thus, this analysis should be re-
garded as hypothesis generating and hopefully, it will entice
the renal community to initiate prospective studies on the
effects of correction of hypogonadism in men with CKD.
Moreover, a single low testosterone determination may be
insufficient to define hypogonadism, and indeed, the asso-
ciation between an age-related decline in testosterone con-
centration and a clinically relevant entity of hypogonadism
still remains controversial. Because our analysis relies
solely on testosterone values, it may have led to misclassi-
fication. In particular, we do not have information on clin-
ical signs of hypogonadism (in both cohorts) or free fraction
(in the predialysis cohort). However, symptoms of hypogo-
nadism have low specificity and coincide with those inher-
ent to CKD, making its identification difficult. In any case,
as this limitation may result in underestimation of the true
prevalence of male hypogonadism, it rather reinforces the
clinical implications of our results. We also acknowledge
that measurements of testosterone were done with different
commercial kits in each of the cohorts and that some poten-
tially relevant parameters that may affect ESA responsive-
ness, such as transferrin, hepcidin, as well as PTH and
serum EPO concentrations (the former in prevalent HD
patients only), were not available in our patient cohorts.

Table 3. General characteristics of 126 ESA-treated prevalent male HD patients stratified according to median weekly ESA dose normalized per kg of
body weight (IU/kg/week)a

All patients,
N ¼ 126

ESA � 121 IU/kg/week,
N ¼ 63

ESA > 121 IU/kg/week,
N ¼ 63 P-value

Age, years 63 (49–73) 64 (47–76) 62 (49–70) 0.4
Vintage, months 25 (14–55) 28 (10–58) 24 (17–54) 0.8
Davies comorbidity score, %

Low 19 20 17 0.1
Middle 54 60 49
High 26 19 33

BMI, kg/m2 24.6 (21.3–27.5) 25.4 (22.5–28.2) 22.3 (20.0–25.7) <0.0001
s-Albumin, g/dL 3.5 (3.2–3.8) 3.5 (3.3–3.8) 3.5 (3.1–3.8) 0.4
CRP, mg/L 6.8 (2.9–21.0) 6.4 (2.5–17.0) 8.7 (3.4–27.7) 0.2
Haemoglobin, g/dL 12.2 (11.0–13.4) 12.1 (11.1–13.3) 12.3 (11.2–13.3) 0.2
Hypochromic RBC, % 1.1 (0.5–4.1) 0.8 (0.4–1.5) 2.6 (0.6–5.9) <0.0001
Intravenous iron medication, % 69 76 63 0.2
SHBG, nmol/L 27 (20–39) 27 (19–42) 26 (20–38) 0.9
Total testosterone, nmol/L 10.0 (7.2–12.0) 11.0 (8.4–13.0) 8.0 (6.6–12.0) 0.04

aData are expressed as medians (interquartile ranges) or percentages. BMI, body mass index.

Fig. 2. Univariate Spearman correlation between testosterone levels and
the percentage of hypochromic RBCs in 126 ESA-treated prevalent male
HD patients.
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To conclude, our results suggest that hypogonadism may
be an additional and today neglected cause of anaemia and
reduced ESA responsiveness in men with CKD, through
mechanisms that may involve impaired iron availability.
On the basis of this observation, it can be speculated that
correction of hypogonadism could reduce the anaemia bur-
den and improve ESA responsiveness in men. Interven-
tional studies are needed to prove this hypothesis.
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Abstract
Background. There has been a lack of international consen-
sus on the classification and the predictive value of the his-
topathology findings in IgA nephropathy (IgAN). Recently,
the International IgA Nephropathy Network has developed
the Oxford classification in which four histological variables
with the most prognostic importance are identified (MEST
score). Our objective was to validate these findings and to

assess their predictive power in our cohort and to compare
them to identified clinical predictors.
Methods. Ninety-nine children with a follow-up time >5
years were included and investigated with clearances of
inulin or iohexol for glomerular filtration rate (GFR),
proteinuria and blood pressure at biopsy and during follow-
up. Biopsies (90/99) were re-evaluated and scored
according to the Oxford classification.
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