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Effect of Oral Anabolic Steroid on Muscle Strength and
Muscle Growth in Hemodialysis Patients
Ouppatham Supasyndh,* Bancha Satirapoj,* Pornanong Aramwit,† Duangkamol Viroonudomphol,‡ Amnart Chaiprasert,*
Vipa Thanachatwej,* Supat Vanichakarn,§ and Joel D. Kopple|

Summary
Background and objectives Sarcopenia is common in hemodialysis patients. This study examined whether the
anabolic steroid oxymetholone improves muscle mass and handgrip strength in hemodialysis patients and
possible mechanisms that might engender such changes.
Design, setting, participants, & measurements Forty-three eligible hemodialysis patients were randomly assigned
to ingest oxymetholone or placebo for 24 weeks. Body composition, handgrip strength, and quality of life were
measured during the study. Muscle biopsies were performed and analyzed for mRNA levels for myostatin, IGF-I,
IGF binding proteins, and myosin heavy chains and protein expression. Muscle ﬁber types and diameter were
assessed by reduced nicotinamide–adenine dinucleotide staining.
Results There was a signiﬁcantly greater increase in fat-free mass and handgrip strength and decrease in fat
mass in the oxymetholone compared with the placebo group. Moreover, compared with baseline values, patients
given oxymetholone exhibited an increase in fat-free mass, handgrip strength, physical functioning scores, and
type I muscle ﬁber cross-sectional area and a decrease in fat mass, whereas patients receiving placebo did not
undergo changes. There was a signiﬁcantly greater increase in muscle mRNA levels for myosin heavy chain 23,
IGF-I, and IGF-II receptor with oxymetholone treatment than placebo. Liver enzyme rose signiﬁcantly in the
oxymetholone group, but the number of values greater than three times the upper limit of normal were not
different between these groups.
Conclusions In hemodialysis patients, ingesting oxymetholone was associated with an increase in fat-free mass,
handgrip strength, and muscle mRNA levels for several growth factors and a decrease in fat mass, but it also
induced liver injury.
Clin J Am Soc Nephrol 8: 271–279, 2013. doi: 10.2215/CJN.00380112

Introduction
Protein-energy wasting is a common adverse consequence of end stage kidney disease, and it is associated with impaired rehabilitation and increased
morbidity and mortality (1–4). Individuals with end
stage kidney disease are often poorly muscled. Moreover, low skeletal muscle mass in maintenance hemodialysis (MHD) patients is associated with increased
mortality (5). Therapies designed to increase muscle
mass and strength of dialysis patients might, therefore, be expected to improve their exercise capacity
and possibly, their survival.
Anabolic–androgenic steroid therapy seems to
be a promising adjunctive therapy for treatment of
skeletal muscle wasting in chronic illness (6). Parenterally administered anabolic steroids may increase
lean body mass and muscle mass in adults without
CKD as well as MHD patients (7–12). Oxymetholone
has the advantages that it can be given orally and it
seems to exhibit higher anabolic activity and lower
androgenic effects than testosterone (13). Several
studies have shown increased fat-free mass (FFM) in
www.cjasn.org Vol 8 February, 2013

people without CKD who were taking oxymetholone
(6,14,15), but no such studies have been conducted in
CKD patients. Oxymetholone also increased anthropometric measures, serum albumin, and lean body mass
in continuous ambulatory peritoneal dialysis patients
(16). The present study was undertaken to examine
whether orally administered oxymetholone may improve protein-energy status and increase skeletal
muscle mass in MHD patients and the possible mechanisms that may engender such changes.
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Materials and Methods
This 24-week randomized, double-blind, placebocontrolled study was conducted in patients undergoing MHD at the Hemodialysis Unit of The Kidney
Foundation of Thailand (ClinicalTrials.gov number
ISRCTN41591818). The study was approved by the
Institutional Review Boards of the Phramongkutklao
Hospital. Recruitment began in June of 2006 and was
completed in August of 2007. Treatment protocol
patients were randomized by a method of block
Copyright © 2013 by the American Society of Nephrology
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randomization by a research pharmacist to one of two
double-blinded treatment groups. A computer-generated
randomization procedure in blocks of four was used, and
the protocol was successfully blinded through the end of
the study. One group ingested oxymetholone (50 mg tablet
two times daily) for 24 weeks. The other group ingested a
placebo, which was identical in appearance to the oxymetholone, in the same manner. Treatment allocation was
not known to patients, their physicians, or anybody within
or outside the study. If serious adverse event was detected
during study, the patient was assigned to an open-label
phase, during which the patient continued to receive
treatment with oxymetholone or placebo according to
his/her original treatment assignment. However, if the
decision was made that the serious adverse event was
likely or possibly caused by the treatment protocol, the
treatment was discontinued. Inclusion criteria into the
study were age of 20 years or older, treatment with MHD
for at least 3 months, a single-pool Kt/V urea of 1.2 or
greater per MHD treatment, and no treatment with
androgens or glucocorticoids within 6 months before
starting the study. Patients with diabetes mellitus, active
malignancy, severe heart, lung, or liver disease, strokes, or
chronic infection (e.g., tuberculosis) within 1 year of starting the study and any immunologic or inﬂammatory disorders were excluded from the study. All patients gave
informed written consent and typically continued their
normal daily activities during treatment with
oxymetholone or placebo. They were monitored by the
Global Physical Activity Questionnaire (17).
Nutrient Intake, Body Composition, Quality of Life, and
Muscle Strength
Every 4 weeks, all patients kept a 3-day food record and
underwent dietary interviews by a registered dietitian.
Nutrient composition of the diets was analyzed with the
Inmucal National Food Database Program. Daily protein
intake was determined by the calculated protein equivalent
of total nitrogen appearance (18). Body composition was
assessed by dual energy X-ray absorptiometry (DEXA) on
the day after a hemodialysis treatment before and after the
study period. All patients agreed to take part in a selfassessed health-related quality of life test using the shortform health survey with only 36 questions (SF-36)
containing eight domains divided into two parts: physical
health (physical functioning, role limitations caused by
physical health, bodily pain, and general health) and mental health (vitality, social functioning, role limitations
caused by emotional problems, and mental health). Hence,
in the SF-36 scoring system, the scales are assessed quantitatively, and a physical and mental health SF-36 score
between 0 and 100 is then calculated, with a higher score
indicating a better state of health. Grip strength was also
measured three times on each hand during each visit alternating each hand grip measurement between right and
left hands using a handgrip dynamometer.
Skeletal Muscle Biopsy
Muscle biopsies of the right vastus lateralis muscle were
performed at baseline and at the end of the study (19). The
muscle analyses include (1) identiﬁcation of mRNA levels

by real-time PCR ampliﬁcation for myostatin, IGF-I, the
splice variants IGF-IEa and IGF-IEc, IGF-II, the IGF-I receptor (IGF-IR) and IGF-IIR, IGF binding proteins 2–6 (IGFBPs
2–6), and myosin heavy chains (MyHCs) and (2) measurement of protein concentrations of IGF-I and IGF-II (20). The
concentrations of IGF-I and IGF-II protein are expressed as
the ratio of IGF protein (nanograms or micrograms) to total
protein (milligrams) in the homogenates of muscle tissue.
Muscle ﬁber types were identiﬁed by reduced nicotinamideadenine dinucleotide staining, and cross-sectional areas
were examined by a renal pathologist.
Clinical Laboratory Measurements
After a 12-hour overnight fast, blood was collected
immediately before a midweek hemodialysis for biochemical measurements, including testosterone, luteinizing
hormone, and cortisol at baseline, every 4 weeks and at the
end of the trial.
Safety Monitoring
Adverse events that were or were not considered to be
related to oxymetholone treatment were monitored every 4
weeks. The patients were questioned in a systematic way
about their experiences concerning any adverse events
during the previous 4 weeks. Patients also underwent
blood drawing for safety tests that included complete blood
counts, liver function tests, and prostate-speciﬁc antigen.
Statistical Analyses
The key method of analysis was the comparison of the
changes, if any, between the baseline and 24-week values in
the oxymetholone- and placebo-treated groups. Statistical
analyses were performed using the STATA program.
Continuous variables between study and control groups
were compared with unpaired t tests. Differences between
baseline and the end of study for each group of patients
were also compared using paired t tests. One-way repeated ANOVA was used to examine the main outcome
variable when comparing mean differences within patients
and changes between groups. Univariate correlations were
evaluated using Pearson correlation analysis. Statistical
signiﬁcance was taken as P,0.05.

Results
Patients
A total of 423 patients in the dialysis unit were screened
for possible study enrollment. Eighty-seven patients were
eligible according to the entry criteria (Figure 1). One patient
was excluded because of congestive heart failure, and 43
patients refused to participate. Thus, 43 patients actually
received either oxymetholone or placebo. Twenty-two patients were assigned to the placebo control group, and 21
individuals were assigned to the oxymetholone group. One
patient who received oxymetholone therapy decided not to
participate in the study after taking the medication for 1
month, and another patient in the oxymetholone-treated
group was removed from the study after developing altered
liver function. The remaining 41 patients completed the
study, and all of these patients were 100% adherent to the
oxymetholone or placebo prescription based on pill counts.
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Figure 1. | Diagram of patient flow through the clinical trial.

Blood Measurements
Characteristics of the study population are shown in
Table 1. There were no signiﬁcant differences between
treatment and placebo groups at baseline (Table 2). At
the end of study, there was a signiﬁcant increase in predialysis serum creatinine concentrations in the oxymetholone group compared with the placebo group by 1.47 mg/
dl (95% conﬁdence interval [CI]=0.08–2.86, P,0.01). Serum creatinine also rose signiﬁcantly by 1.262.8 mg/dl
(P,0.01) in the oxymetholone group but did not change
signiﬁcantly in the placebo group. Serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), and total and direct bilirubin levels also increased signiﬁcantly
more in the oxymetholone group compared with the
placebo group (Table 2). Serum levels of ALT, AST, and
direct bilirubin also increased signiﬁcantly from baseline
only in the oxymetholone group. However, abnormal persistent increases in total bilirubin of .2 mg/dl or AST/
ALT of more than three times the upper limit of the normal range were not signiﬁcantly different between the two
groups (Table 2).
Fat-Free Mass, Fat Mass, Muscle Strength, Quality of Life,
and Muscle Fiber Cross-Sectional Area
Body weight, body composition, handgrip strength,
quality of life, and muscle ﬁber cross-sectional area during
the study are shown in Table 3. There was a signiﬁcantly
greater increase in FFM (2.59 kg, 95% CI=1.65–3.53) and
decrease in fat mass (FM; 1.32 kg, 95% CI=22.54 to 20.10)
in the oxymetholone-treated group compared with the placebo group. With regard to the SF-36 scores, both the
physical component (from 55.9618.1 to 63.0615.6, P,0.05)
and the mental component (from 58.4616.5 to 63.8614.3,
P,0.05) also increased from baseline in the oxymetholonetreated group, whereas no change was found in the placebo

group. The differences in the changes in the SF-36 physical
and mental scores between the two groups did not reach
statistical signiﬁcance (Table 3). Compared with baseline
values, the oxymetholone-treated group underwent a signiﬁcant increase in FFM and decrease in FM. The crosssectional area of type I muscle ﬁbers displayed a signiﬁcantly greater increase (25.66, 95% CI=7.92–43.40) in the
oxymetholone-treated group compared with the placebo
group (Table 3). This signiﬁcantly positive change in crosssectional area of these type I ﬁbers in the oxymetholone
group was largely caused by the signiﬁcant reduction
from baseline in the cross-sectional area in the placebo
group. Indeed, in the placebo group, there was a signiﬁcant
decrease from baseline in the cross-sectional area of both
type I and type II ﬁbers (Table 3). There was an increase in
handgrip strength that was signiﬁcantly greater in the oxymetholone-treated group than the placebo group (2.61 kg;
95% CI=0.08–5.14).
Nutrient Intake
Estimated daily dietary energy and protein intake are
shown in Table 3. There was a signiﬁcantly greater reduction in energy intake in the oxymetholone-treated patients
compared with the placebo group, although neither group
displayed a signiﬁcant difference between the initial and
ﬁnal values for energy intake. There was no difference
signiﬁcantly in the change in protein intake between the
groups, and at the 24th week, the protein intake had increased signiﬁcantly in both groups.
mRNA and Protein Levels in Vastus Lateralis Muscle
There were several changes in muscle mRNA levels in
the oxymetholone-treated patients that are consistent with
promotion of protein anabolism (Table 4). There was a signiﬁcantly greater increase in skeletal muscle mRNA levels
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Table 1. Baseline characteristics of the study population

Characteristic

Oxymetholone (n=19)

Placebo (n=22)

Age (yr)
Number of males (%)
Dry weight (kg)
Median dialysis vintage (mo; IQR)
Body mass index (kg/m2)
Single-pool Kt/V urea
Predialysis SBP (mmHg)
Predialysis DBP (mmHg)
Causes of ESRD (n [%])
Chronic glomerulonephritis
Hypertension
IgA nephropathy
Other causes
Unknown

41.0610.5
10 (52.6)
54.468.8
98.0 (61.0–110.0)
21.663.2
1.960.3
139.9615.1
78.666.1

45.168.5
15 (68.2)
56.868.9
96.0 (59.0–115.7)
21.263.5
1.860.2
139.0610.4
79.664.3

6 (31.6)
3 (15.8)
1 (5.3)
3 (15.8)
6 (31.6)

6 (27.3)
3 (13.6)
3 (13.6)
2 (9.1)
8 (36.4)

Data are mean 6 SD. IQR, interquartile range; SBP, systolic BP; DBP, diastolic BP.

for MyHC 23, IGF-IR, and IGF-IIR in the oxymetholonetreated group compared with the placebo group. With
oxymetholone treatment, there was also a signiﬁcant increase from baseline in skeletal muscle mRNA levels for
IGF-IEc, MyHC 23, and IGF-IIR. In the placebo group, the
only signiﬁcant change from baseline was a decrease in
IGF-IR mRNA. IGFBPs 1–6 did not change signiﬁcantly
in either group (Table 4).
Hormonal Profiles
In males only, there was a signiﬁcantly greater decrease
in serum total testosterone in the oxymetholone-treated
group compared with the placebo group at 24 weeks.
Serum total testosterone decreased signiﬁcantly in the
oxymetholone-treated group and rose signiﬁcantly in
placebo group (Table 5). In males, there was a signiﬁcantly
greater decrease in serum prostatic surface antigen in the
oxymetholone-treated group compared with the placebo
group at 24 weeks (Table 5). Serum prostatic surface antigen rose slightly only in the placebo group.
Safety Profile
During the 24-week study period, 2 of 21 patients (9.52%)
in the oxymetholone-treated group withdrew from the
study because of adverse events. One subject withdrew
because of undesired nonedematous weight gain. The other
patient was removed from the study because of altered
liver function. The serum liver function measurements all
returned to normal within 1 month of discontinuing
oxymetholone. Other side effects in the oxymetholonetreated patients included acne (52.4%), amenorrhea
(23.8%), diminished menses (4.8%), alopecia (4.8%),
hirsutism (4.8%), deepening voice (9.5%), and decreased
serum HDL cholesterol (14.3%).

Discussion

The present study constitutes the ﬁrst randomized, placebo-controlled trial of oral oxymetholone in MHD patients.

The increase in FFM and handgrip strength and decrease in
FM in the oxymetholone-treated group were signiﬁcantly
greater than in the placebo group. In addition, compared
with baseline, the oxymetholone-treated group underwent
an increase in FFM, handgrip strength, physical functioning
scores, and type I muscle ﬁber cross-sectional area and a
decrease in FM. Thus, oxymetholone showed signiﬁcantly
beneﬁcial effects on body composition, muscle metabolism,
strength, and mass. However, it also increased the incidence
of minor side effects and slightly increased liver dysfunction.
The increase in FFM with oxymetholone treatment was
substantial, with an average of 3.2461.74 kg. Moreover,
there was a signiﬁcantly greater increase in FFM in the
oxymetholone-treated group, with an average of 2.59 kg
(95% CI=1.65–3.53), compared with the placebo group. Because no patient had sign of edema, much of the FFM gain
was presumably of protoplasm. The fact that the fall in
FM, although statistically signiﬁcant, was less, averaging
1.7362.77 kg, provides additional evidence that the patients receiving oxymetholone treatment gained protoplasm. In addition, there was a signiﬁcantly greater
decrease in FM in the oxymetholone group than in the
placebo group, with an average of 2 1.32 kg (95%
CI=22.54 to 20.10). Other ﬁndings support the likelihood
that the increase in FFM with oxymetholone was, at least
partly, caused by a gain in muscle mass. These ﬁndings
include the rise in predialysis serum creatinine, the increase mRNA levels for several growth factors in the muscle, and the increase in the cross-sectional area for type I
muscle ﬁbers.
The decrease in FM of 1.7362.77 kg in the patients receiving oxymetholone is also consistent with androgen’s
known lipolytic effects (21). There were no signiﬁcant
changes in consumption of daily total calories, and the
reported daily physical activity did not change signiﬁcantly. Protein intake increased to a similar degree in
both groups. It is the randomized design and the difference in changes between groups that support the causality
of the intervention.
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Table 2. Changes in predialysis blood or serum measurements

Parameter
Hemoglobin (g/dl)
Baseline
Week 24
Change from baseline
Fasting plasma glucose (mg/dl)
Baseline
Week 24
Change from baseline
Serum urea nitrogen (mg/dl)
Baseline
Week 24
Change from baseline
Serum creatinine (mg/dl)
Baseline
Week 24
Change from baseline
Serum albumin (g/dl)
Baseline
Week 24
Change from baseline
Serum AST (U/L)
Baseline
Week 24
Change from baseline
Serum ALT (U/L)
Baseline
Week 24
Change from baseline
Serum total bilirubin (mg/dl)
Baseline
Week 24
Change from baseline
Serum direct bilirubin (mg/dl)
Baseline
Week 24
Change from baseline
Number of patients with
AST more than three times the ULN
ALT more than three times the ULN
TB.2 mg/dl

Oxymetholone (n=19)

9.161.0
9.361.2
0.161.1
77.266.7
77.369.4
0.168.1

Placebo (n=22)

10.161.1
10.161.3
20.0461.2
77.4612.9
83.9626.5
6.5620.9

Difference between Groups
in the Mean Change from
Baseline (95% CI)

1.17 (20.57 to 0.91)

26.37 (216.25 to 3.51)

56.6612.1
63.0616.7
6.4614.6a

62.7614.1
59.0615.5
23.7614.9

10.03 (0.71–19.35)a

11.162.7
12.362.9b
1.262.8c

11.561.5
11.261.9
20.361.0

1.47 (0.08–2.86)c

3.860.3
3.960.3
0.160.3

4.160.2
4.160.3
20.0260.2

0.09 (20.09 to 0.27)

16.266.6
47.8645.5b
31.7632.5c

13.864.9
15.367.8
1.566.5

30.15 (14.27–46.03)c

14.666.5
70.1671.3b
55.5650.6c

13.165.0
15.667.5
2.566.4

53.02 (28.44–77.56)c

0.360.1
0.861.0
0.560.7c

0.360.1
0.360.1
20.0160.1

0.0960.02
0.5160.77d
0.4260.54a

0.1060.02
0.1060.06
0.0060.04

0 (0.0)
2 (9.5)
3 (14.3)

0 (0.0)
0 (0.0)
0 (0.0)

0.47 (0.13–0.81)b

0.42 (0.16–0.68)a

—

Values were all obtained immediately before the onset of a hemodialysis treatment. Data are mean 6 SD. CI, conﬁdence interval; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; ULN, upper limit of normal; TB, total bilirubin.
a
Compared with placebo: P,0.05.
b
Week 24 value compared with baseline: P,0.01.
c
Compared with placebo: P,0.01.
d
Week 24 value compared with baseline: P,0.05.

The increase in handgrip strength in the oxymetholonetreated group was consistent with the foregoing ﬁndings
that suggest an increase in muscle mass. Muscle strength is
usually directly correlated with muscle mass (22–24), and
therefore, if muscle mass increased, one would expect there
to be an increase in strength. Moreover, the oxymetholonetreated patients described an increase in physical performance on their SF-36 forms. Self-report from our patients
receiving oxymetholone indicated an increase in physical
function, which is consistent with a previous report of MHD

patients who received nandrolone decanoate and described
an increase in physical performance (12). In addition, resistance exercise training that was safe resulted in a training-speciﬁc increase in muscle strength as well as an
improvement in self-reported physical functioning. However, one study suggests that both administration of anabolic steroids and exercise training may be necessary to
maximally increase muscle mass in MHD patients (25).
The work by Wang et al. (26) previously showed that, in
muscle of sedentary MHD patients, there were decreased
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Table 3. Changes in body composition, nutrient intake, muscle strength, and muscle fiber cross-sectional area

Parameter
Body composition
Body weight (kg)
Baseline
Week 24
Change from baseline
Fat-free mass (kg)
Baseline
Week 24
Change from baseline
Fat mass (kg)
Baseline
Week 24
Change from baseline
Nutrient intake
Energy intake (kcal/kg per d)
Baseline
Week 24
Change from baseline
Protein intake (g/kg per d)
Baseline
Week 24
Change from baseline
Handgrip strength (kg)
Baseline
Week 24
Change from baseline
Quality of life (SF-36)
Physical component
Baseline
Week 24
Change from baseline
Mental component
Baseline
Week 24
Change from baseline
Muscle ﬁber type (cross-sectional area)
Type I
Baseline
Week 24
Change from baseline
Type II
Baseline
Week 24
Change from baseline

Oxymetholone (n=19)

Placebo (n=22)

Difference between Groups
in the Mean Change from
Baseline (95% CI)

55.069.4
55.768.3
0.863.0

58.168.9
57.568.6
20.561.8

38.066.7
41.467.7a
3.261.7b

42.267.3
42.867.1
0.761.2

13.367.4
11.666.2c
21.762.4b

12.566.5
12.166.5
20.461.1

21.32 (22.54 to 20.10)b

22.266.4
19.867.6
22.465.9b

19.166.1
21.368.5
2.266.5

24.59 (28.55 to 20.63)b

1.060.2
1.260.3a
0.260.3

1.160.2
1.260.3a
0.160.2

1.29 (20.31 to 2.89)

2.59 (1.65–3.53)b

0.07 (20.08 to 0.22)

26.368.3
28.6610.1c
2.364.8b

31.4610.8
31.169.7
20.363.1

55.9618.1
63.0615.6c
7.1610.3

63.9620.4
69.9614.6
6.0615.1

1.11 (27.21 to 9.43)

58.4616.5
63.8614.3c
5.369.1

66.8618.2
72.5612.7
5.7614.6

20.40 (28.01 to 7.21)

82.6616.9
93.3629.4
10.8630.6d

88.8622.3
73.9619.4c
214.9625.6

25.66 (7.92–43.40)b

72.4619.1
69.4632.4
23.0633.4

73.6617.2
61.5610.6c
212.1619.6

2.61 (0.08–5.14)b

9.06 (28.80 to 26.92)

Data are mean 6 SD. Measurements were made at the time of dual energy X-ray absorptiometry scanning on the day after a hemodialysis treatment. CI, conﬁdence interval; SF-36, short-form health survey with only 36 questions.
a
Compared with placebo: P,0.05.
b
Week 24 value compared with baseline: P,0.01.
c
Compared with placebo: P,0.01.
d
Week 24 value compared with baseline: P,0.05.

mRNA levels for a number of proteins involved with the
stimulation of protein anabolism and inhibition of protein
degradation. Particularly, the mRNA levels for IGF-IEa,
IGF-IR, IGF-II, and IGFBP-2 decreased compared with
normal patients. In this study, oxymetholone increased
muscle mRNA levels for IGF-IR and IGF-IIR. IGF-I is known
to stimulate myoblast proliferation and differentiation

in vitro as well as muscle protein synthesis (27). It preserves
muscle architecture and promotes muscle hypertrophy. The
mechanically sensitive isoform IGF-IEc, also called mechano-growth factor, induces myoﬁber hypertrophy and enhances physical capacity of skeletal muscle.
It is noteworthy that no signiﬁcant increase was observed in the protein levels for IGF-I and IGF-II in skeletal
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Table 4. Changes in mRNA and protein expression of growth factors in vastus lateralis muscle from baseline to week 24

Muscle mRNA (density unit)
IGF-IEa mRNA
Baseline
Week 24
Change from baseline
IGF-IEc 3 103 mRNA
Baseline
Week 24
Change from baseline
IGF-II mRNA
Baseline
Week 24
Change from baseline
Myostatin mRNA
Baseline
Week 24
Change from baseline
Myosin heavy-chain 2a mRNA
Baseline
Week 24
Change from baseline
Myosin heavy-chain 23 mRNA
Baseline
Week 24
Change from baseline
IGF-I receptor mRNA
Baseline
Week 24
Change from baseline
IGF-II receptor mRNA
Baseline
Week 24
Change from baseline
Muscle protein
IGF-I protein (ng/mg muscle protein)
Baseline
Week 24
Change from baseline
IGF-II protein (mg/mg muscle protein)
Baseline
Week 24
Change from baseline

Difference between Groups
in the Mean Change from
Baseline (95% CI)

Oxymetholone (n=19)

Placebo (n=22)

0.1860.08
0.2360.16
0.0560.18

0.2160.09
0.2560.10
0.0460.09

0.01 (20.08 to 0.10)

2.7162.63
5.5266.40a
2.8163.18

3.1663.97
4.2764.07
1.1163.22

1.71 (20.33 to 3.73)

5.0362.09
5.1962.88
0.1662.47

5.7662.61
5.0262.69
20.7462.03

0.92 (20.52 to 2.32)

1.0660.61
1.4061.10
0.3360.92

1.1460.87
1.0560.79
20.0960.87

0.42 (20.15 to 0.99)

29.8460.76
30.0860.16
0.2460.84

29.8360.87
29.9960.19
0.1560.86

0.09 (20.45 to 0.63)

25.67617.57
44.60661.68a
18.93631.51b

34.20618.84
29.65614.12
24.55616.94

23.48 (6.90–40.06)b

0.4560.19
0.4860.19
0.0560.28b

0.4560.15
0.3660.17b
20.0960.09

0.14 (0.01–0.28)b

2.4360.99
3.0962.68a
0.6661.08b

2.4160.82
2.1261.21
20.2961.10

0.95 (0.26–1.64)a

21.8467.03
23.9267.20
2.0869.57

24.8768.21
22.0166.50
22.86611.44

4.94 (21.79 to 11.67)

137.11647.01
163.84679.66
26.73688.63

131.43652.67
151.47647.16
20.04668.95

6.69 (243.13 to 56.51)

Data are mean 6 SD. The concentrations of IGF-I and IGF-II protein are expressed as the ratio of IGF protein (nanograms or micrograms) to total protein (milligrams) in the homogenates of muscle tissue. CI, conﬁdence interval.
a
Compared with placebo: P,0.01.
b
Compared with placebo: P,0.05.

muscle. The weak correlations of muscle mRNA levels with
protein expression for IGF-I and IGF-II could have several
causes. The mRNA levels were only measured at baseline
and 24 months later at the end of the trial. It is possible that
the expression of IGF-I and IGF-II rose transiently, promoted the observed anabolic changes in body composition
and increased muscle strength, and then declined to near
baseline levels before the second muscle biopsy was
performed. It is also possible that one or more posttranscriptional processes could alter the synthesis of these
IGF proteins, notwithstanding the rise in their mRNA

levels (28). MyHC is the major contractile protein in
skeletal muscle, and it is responsible for a number of contractile properties of the different ﬁber types. Our study is
the ﬁrst to indicate that MyHC 23 increased signiﬁcantly
in MHD patients when they are administered an anabolic
agent (in our case, oxymetholone).
Oxymetholone offers several theoretical advantages over
many testosterone preparations for the treatment of MHD
patients (13). One advantage of oxymetholone is absorption through oral administration. The oral preparations are
easier to administer and have a lower incidence of some
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Table 5. Changes in serum hormone concentrations

Parameter
Serum testosterone (ng/dl)
Male
Baseline
Week 24
Change from baseline
Female
Baseline
Week 24
Change from baseline
Serum luteinizing hormone (mIU/L)
Male
Baseline
Week 24
Change from baseline
Female
Baseline
Week 24
Change from baseline
Serum prostatic surface antigen in
males (ng/ml)
Baseline
Week 24
Change from baseline

Difference between Groups
in the Mean Change from
Baseline (95% CI)

Oxymetholone (n=19)

Placebo (n=22)

604.96165.5
247.26207.8a
2357.7691.3b

528.36176.0
658.16333.2
129.86328.4

2487.52 (2638.02 to 2336.98)b

67.5640.6
94.2673.2
26.7661.8

95.2688.3
115.06116.5
19.8630.0

6.93 (225.11 to 38.97)

16.4611.1
10.3618.5
26.0620.4

14.369.8
15.6611.3
1.363.4

27.31 (217.21 to 2.61)

62.4610.5
74.5697.0
12.1637.1

20.9623.1
20.9628.1
0.065.1

12.07 (25.88 to 30.02)

0.460.3
0.360.1
20.160.1b

0.560.3
0.660.3a
0.160.2

20.23 (20.32 to 20.14)b

Data are mean 6 SD. Normal values for testosterone in men and women are 270–1070 and 6–86 ng/dl, respectively. Normal values for
luteinizing hormone in men and women during the reproductive years are 3–15 and 5–22 mIU/L, respectively. CI, conﬁdence interval.
a
Compared with placebo: P,0.05.
b
Compared with placebo: P,0.01.

side effects (13). However, in this clinical trial, oxymetholone
treatment is associated with a rather high incidence of liver
dysfunction. Two patients receiving oxymetholone developed substantial alterations in liver function tests. We suspect that, unless methods can be found to administer
oxymetholone without causing abnormal liver function,
the use of this medicine as an anabolic agent for MHD
patients should be closely monitored.
The mechanisms for muscle wasting and weakness in
MHD patients include decreased synthesis of muscle
contractile and mitochondrial proteins (29) in response to
circulating levels of hormones anabolic to skeletal muscle.
Testosterone supplements are reported to increase muscle
protein accretion by elevation fractional muscle protein
synthesis, facilitating the reuse of amino acids by the muscle and decreasing muscle protein degradation (30,31).
Our study conﬁrms similar effects in MHD patients as
those effects reported for testosterone on engendering hypertrophy of skeletal muscle ﬁbers but with the use of
another anabolic agent (32). These considerations provide
support for a possible role of anabolic steroids in the treatment of sarcopenia in MHD patients.
The limitations of this clinical trial include its relatively
small sample size and the fact that most outcome measurements were only obtained at baseline and the end of the
study 24 weeks later. The strength of the study includes the
rather comprehensive assessment of the patients’ response
to oxymetholone. This assessment included measurements

of body composition, muscle ﬁber cross-sectional area,
muscle mRNA levels of various growth factors, and protein concentrations of IGF-I and IGF-II, measures of
muscle strength, self-assessment of health by the SF-36
scale, and serum measurements of certain relevant hormones.
This study is the ﬁrst to show that, in MHD patients,
ingestion of oxymetholone results in an increase in FFM,
muscle cross-sectional area for type I ﬁbers, mRNA values
for IGF-I as well as IGF-IIRs, MyHC, handgrip strength,
predialysis BUN, and predialysis serum creatinine and a
decrease in FM. Oxymetholone, in low doses, seems to have
an important anabolic effect in MHD patients, although the
potential risk for abnormal liver function is a source of
concern.
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