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Introduction: A variety of clinical conditions are complicated by loss of weight
and skeletal muscle which may contribute to morbidity and mortality. Ana-
bolic androgenic steroids have been demonstrated to increase fat-free mass,
muscle mass and strength in healthy men and women without major adverse
events and therefore could be beneficial in these conditions.

Areas covered: This review provides an overview of clinical trials with anabolic
androgenic steroids in the treatment of chronic diseases including HIV-wast-
ing, chronic renal failure, chronic obstructive lung disease, muscular disease,
alcoholic liver disease, burn injuries and post operative recovery. Relevant
studies were identified in PubMed (years 1950 - 2010), bibliographies of the
identified studies and the Cochrane database.

Expert opinion: Although the beneficial effects of AAS in chronic disorders
are promising, clinically relevant endpoints such as quality of life, improved
physical functioning and survival were mainly missing or not significant,
except for burn injuries. Therefore, more studies are needed to confirm their
long term safety and efficacy.
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1. Introduction

Testosterone has been demonstrated to improve bone mineral density, fat-free mass,
prostate volume, erythropoiesis, and sexual function in androgen-deficient men [1].
Also in healthy men supraphysiologic doses of testosterone, especially when com-
bined with strength training, increases fat-free mass, muscle size and strength [2).
In chronic illnesses, such as HIV-wasting, chronic renal failure, chronic obstructive
lung disease, muscular disease, alcoholic liver disease, burn injuries and post opera-
tive recovery the clinical course is often complicated by loss of weight, skeletal mus-
cle mass and physical dysfunction, which may contribute to increased morbidity
and mortality. In these patients, catabolic hormones such as epinephrine and corti-
sol are increased whereas anabolic hormones such as testosterone are decreased. Ana-
bolic androgenic steroids (AAS), may be expected to improve clinical outcomes. In
this review we summarized the clinical literature relevant to the efficacy and safety of
AAS in the treatment of chronic diseases including post operative recovery and mus-
cular disease. AAS have been used in the treatment of several other diseases such as
age-related androgen deficiency, the treatment of short stature due to Turner’s syn-
drome and constitutional delay of growth and puberty, however, these conditions
are beyond the scope of this review.

We preformed our searched on PubMed (1950 - 2010), the Cochrane Database
and bibliographies of the identified studies. We searched for Cochrane reviews and
randomized, double-blind, placebo-controlled trials with morbidity and mortality
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Article highlights.

« In a variety of chronic illnesses the clinical course is
complicated by loss of weight, skeletal muscle mass and
physical dysfunction which may contribute to increased
morbidity and mortality.

Anabolic androgenic steroids have been demonstrated

to increase weight, fat-free mass and muscle in healthy

men and women but also in patients with

chronic diseases.

e So far, there is not sufficient evidence that anabolic
androgenic steroids improve clinically relevant endpoints
such as quality of life, physical functioning and survival
in most chronic illnesses.

e Only the use of oxandrolone in patients suffering from
burn injury can be recommended.

« Short-term administration of AAS in pharmacological
doses appears to be relatively safe.

This box summarizes key points contained in the article.

as major outcomes; however, if these data were unavailable,
studies with surrogate endpoints such as body weight, lean
body mass (LBM) and muscle mass were included.

2. Physiology

Testosterone has both anabolic and androgenic effects; the
anabolic effect of testosterone comprise promoting protein
synthesis and nitrogen retention and therefore its administra-
tion increases muscle mass and strength. The androgenic
effects include developing and maintaining primary and sec-
ondary sex characteristics and sexual functions in men [3]. In
men testosterone is mainly secreted by the testicular Leydig
cells provided adequate stimulations by gonadotropins. The
male plasma testosterone concentration ranges between
10 and 30 nmol/l (300 - 1000 ng/dl). In females, circulating
testosterone levels are about 10% of those in men, the main
sites of secretion are the adrenals and the ovaries. In plasma,
about 44% of testosterone is bound to sex-hormone-binding
globulin and about 2% is free [4]. According to the free-
hormone hypothesis only the non-bound tetosterone is effec-
tive, although albumin-bound tetosterone may also become
available when the transit time through the target tissue is suf-
ficiently long [5]. The enzyme 5-alpha-reductase catalyzes the
conversion of tetosterone into the more potent androgen,
dihydrotestosterone [6]. Aromatase can convert testosterone
into estradiol, which is responsible for the feminizing side
effects of AAS. Nevertheless, estradiol also has important
functions in men including inhibition of gonadotropin secre-
tion by the pituitary and the accrual and maintenance of bone
mineral density [7). Without modifications orally taken tetos-
terone is ineffective due to high first-pass metabolism in the
liver. Synthetic derivates of tetosterone can be classified into
three groups. Tetosterone with a methyl or ethyl group at
position 17 of the molecule is considerably less metabolized
by the liver and therefore suitable for oral administration

(e.g., methyltestosterone). Esterfication of tetosterone at posi-
tion 17 makes it less polar and tetosterone-esters are absorbed
slowly when injected intra muscular in oil (e.g., tetosterone
enanthate and tetosterone propionate). Changes in the
A-ring of the tetosterone molecule can be made to prevent
its conversion to estradiol or dihydrotestosterone and to mod-
ify its interaction with the androgen receptor. By these means
the anabolic and androgenic potency can be altered to some
extent. So far it has not been possible to produce AAS with
only anabolic effects.

3. HIV

In HIV-infected patients increasing weight loss has been
found to be significantly associated with decreased survival,
as well as with reduced quality of life (8]. In both HIV-
positive men and women, tetosterone levels have been directly
correlated with muscle mass [9) and hypogonadism is common
in men with HIV infection, particularly those with AIDS [10].

The effectiveness of a variety of AAS has been studied in
patients infected with HIV (Table 1). A Cochrane review
from 2005 included 13 clinical trails with both HIV-
infected men and women, eugonadal and hypogonadal. The
combined results demonstrated that AAS increases LBM
(weighted mean difference: 1.3 kg) and total weight (weighted
mean difference: 1.1 kg) in HIV-infected patients with weight
loss, although a significant heterogeneity was present for the
random-effect model (probably due to multiple sources of
variability across the studies, including differences in study
populations, differences in interventions and differences in
the methods of determining the changes). However if only
studies with a high quality score (based on randomization,
blinding and description of withdrawals and dropouts) were
selected the authors found a greater increase in LBM and
body weight without significant heterogeneity. Furthermore,
in trials in which a supraphysiological androgen dose was
tested, a larger treatment effect was seen than in those with
a physiological replacement dose. No significant effect was
seen in numbers of death and withdrawals due to adverse
events [11]. Two, later published, large randomized placebo-
controlled trials studying 262 and 303 HIV-infected men
with weight loss respectively, underscored the conclusions
obtained from the Cochrane review [12,13]. However, in one
trial, no effect of androgen treatment on the Health-related
quality of life or total work output was seen [12].

4. Chronic renal failure

AAS and transfusions were the mainstay treatment for anemia
due to kidney disease prior to the introduction of recombi-
nant erythropoietin. Despite the widespread success of recom-
binant erythropoietin in chronic renal failure, there has been
enduring interest in the use of AAS because of their potential
to improve the nutritional status in these patients. Patients
with chronic renal failure commonly suffer from reduced
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muscle mass [14], which has been shown to correlate with
increased mortality [15].

A small randomized clinical trail studying 29 men and
women treated with nandrolone decanoate (100 mg once
weekly; of the three women who received nandrolone two
required dosage reduction because of amenorrhea and acne,
respectively) or placebo showed that patients treated with
nandrolone decanoate gained in LBM, increased in serum cre-
atinine levels, (suggesting increased muscle mass), had a
reduction in their reported symptoms of fatigue and decreased
the mean time required for a walking and stair-climbing test
as compared with those receiving placebo [16]. Additionally,
a larger (79 patients) randomized double-blind placebo-con-
trolled study showed that patients who received nandrolone
decanoate (100 mg for women; 200 mg for men weekly)
increased in weight, LBM and predialysis serum creatinine
concentration. However, none of the muscle strength param-
eters improved significantly and neither exercise nor nandro-
lone decanoate was associated with improvements in
physical performance tests. Virilizing side effects in women
were not reported despite the high dose of nandrolone
decanoate used in this study [17].

5. Chronic obstructive pulmonary disease
(CoPD)

Weight loss and muscle wasting are common complications of
COPD. Weight loss in patients with COPD leads to
impairment of physical performance, disability, and greater
mortality [18,19]. Also, low circulating levels of testosterone
are common in males with chronic obstructive pulmonary
disease, especially in those receiving maintenance oral
glucocorticosteroid therapy [20.21). The largest randomized
double-blind, placebo-controlled trail was conducted by
Schols ez al. including 203 patients (male and female). These
patients were pre-stratified into a depleted (body weight less
then 90% and/or a fat-free mass less then 67% (men)/63%
(women) of ideal body weight) and a non-depleted group.
In the depleted patients both nandrolone decanoate (women
25 mg; men 50 mg; every 2 weeks) and nutritional therapy
alone induced a similar significant body weight gain as com-
pared with placebo. However, measurements of body compo-
sition indicated a larger increase in muscle mass in the
nandrolone decanoate group whereas weight gain in the nutri-
tional group consisted mainly of fat mass. Although weight
gain was less in the non-depleted patients, similar favorable
effects of AAS on body composition were seen. Also, the max-
imal inspiratory mouth pressure improved significantly more
in the nandrolone-decanoate-treated patients [22]. Two smaller
studies provided evidence in the same line as the previous
study. In the study conducted by Ferreira ez 4/ undernour-
ished male COPD patients who received treatment (250 mg
of testosterone intramuscularly at baseline and 12 mg of oral
stanozolol daily for 27 weeks) increased in body mass index
(BMI), LBM and anthropometric measures of arm and thigh

Woerdeman & de Ronde

circumference as compared with those receiving placebo.
However, there was no significant changes in endurance exer-
cise capacity [23]. The study of Creutzberg ez a/. showed that a
short-term course of nandrolone decanoate (50 mg every two
weeks) had an overall positive effect relative to placebo on fat
free mass in 63 male patients with COPD. Maximal inspira-
tory mouth pressure and maximal isokinetic work of the lower
extremities increased significantly in the nandrolone dec-
anoate group when compared with baseline, however not
with placebo. The post hoc analysis showed that the impaired
respiratory muscle function and exercise capacity caused by
low-dose oral glucocorticosteroids as maintenance medication
could be restored by nandrolone decanoate treatment [24].
However, a controlled trial conducted by Sharma er 4/ in
16 patients with severe COPD who did not participate in a
structured rehabilitation program, nandrolone-decanoate-
treated patients (men 50 mg, women 25 mg every two weeks)
did not gain significantly more weight and did not show
improvement in physiological function or quality of life as
compared with those receiving placebo [25]. Although the
effects of androgen treatment in patients with COPD are rel-
atively consistent, the clinical benefit for the treated patients is
controversial. The studies conducted so far in COPD patients
have used relatively low doses of androgens and, knowing the
dose-dependent effects of nandrolone decanoate or testoster-
one on muscle mass and strength, the administration of
higher doses may be expected to result in larger gains.
However, this remains to be determined.

6. Muscular disease

Despite the potential of AAS to increase muscle mass and
strength, only a few clinical trials have studied the effects of
AAS in patients with muscular disease. The few studies pub-
lished to date were mainly targeted at improving muscle
strength in patients with muscular dystrophies (MD). MD
are a clinically and genetically heterogeneous group of diseases
characterized by skeletal muscle wasting but there is also an
association of MD with reduced plasma androgen levels [26].
Curative therapy is not available, corticosteroids (prednisone
and deflazacort) are the only drugs with convincing evidence
of slowing the progression of MD [27,28]. Unfortunately, the
side effects of prolonged corticosteroid therapy, especially
weight gain and growth retardation in children have limited
the long-term use [29].

In 1989 Griggs ez al. conducted a placebo-controlled clini-
cal trail studying 40 male MD patients who randomly
received testosterone enanthate (3 mg/kg/week) or placebo.
Although LBM and muscle mass increased, muscle strength
did not increase after 12 months in the testosterone-
enanthate-treated group [(30. A randomized, double-blind,
placebo-controlled trial by Fenichel ez /. was executed to con-
firm the results of a pilot study, which showed improvements
in average muscle score in 10 boys with Duchenne MD
treated with oxandrolone for 3 months (311. This study
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showed a trend but not a significant change in the average
manual muscle strength score after treatment with oxandrolone
(0.1 mg/kg/d for six months). However, the arm muscles did
significantly increase in strength and the mean improvement
in quantitative muscle was also significantly increased as com-
pared with placebo [321. Only one randomized, double-blind,
placebo-controlled, trial studied the effects of AAS in patients
with other muscular diseases. Rutkove e 2/ conducted a
crossover trail in patients with inclusion body myositis.
Patients received oxandrolone (20 mg a day) or placebo for
12 weeks followed by a minimum 2-month washout period,
followed by 12 weeks of the alternative treatment. Despite a
large number of dropouts (only 13 of the 19 enrolled patients
completed the entire study, mainly due to difficulties in
travelling to the study center) the authors found a borderline
significant effect of oxandrolone in improving whole-
body strength and a significant effect in improvement in
upper-extremity strength in the oxandrolone group [33].

7. Alcoholic liver disease

Malnutrition is common in patients with alcoholic liver dis-
ease. Malnutrition is associated with development of serious
complications (ascites, encephalopathy and hepatorenal syn-
drome), as well as the overall mortality 34. In men with
alcoholic cirrhosis plasma concentrations of free (non-
protein-bound) and bioavilable (non-sex-
hormone-binding-globulin-bound) testosterone are mostly

testosterone

decreased and levels of estrogens are often increased (35,36].
These findings suggest a possible role for AAS in the
treatment of alcoholic liver disease.

A Cochrane review published in 2006 included five ran-
domized clinical trails with a total of 467 patients with alco-
holic liver disease (447 males and 20 females). The studies
mainly used oxandrolone as treatment. The combined results
demonstrated no significant effect of AAS on mortality, liver
complications, liver histology, and liver biochemistry [37).
However, there is one randomized double-blind placebo-
controlled trail which demonstrated that a subgroup of
patients (moderate malnutrition) improved survival in
patients receiving oxandrolone [38]. Nevertheless, this should
be interpreted with caution.

8. Burns

Burn injury is associated with extreme hypermetabolism and
catabolism that induces loss of LBM and strength (39]. Mean
testosterone levels in male patients with severe burn injuries
are usually diminished (40]. AAS may therefore attenuate
hypermetabolism or blunt the catabolic response associated
with burn injury and potentially improve outcome.

A randomized double-blinded placebo-controlled trail in
patients with major burns showed that weight loss and daily
nitrogen loss decreased significantly during oxandrolone
(20 mg/day) treatment. The healing time of a standardized

donor site also decreased significantly [41]. Additional evidence
for the efficacy of AAS in patients with burns was provided in
a multicenter placebo-controlled clinical trail. This study, in
81 adult patients (male and female) with burn injuries showed
that treatment with oxandrolone (10 mg every 12 h)
decreased length of hospital stay by 28%. The study was ter-
minated halfway because of a significant difference between
groups found on interim analysis [42].

9. Surgical recovery

Post operative recovery is characterized by a catabolic state
and malnutrition [4344]. Additionally, muscle strength has an
important role in the recovery from a joint replacement oper-
ation. Therefore, treatment with AAS has been studied to
improve outcomes after surgery. Mainly older patients were
studied because of the age-related decline in endogenous
androgens in both men and women (4546], slower recovery,
increased morbidity and mortality and reduced muscle
strength in older patients.

In a randomized double-blinded placebo-controlled trail
25 elderly men undergoing elective knee replacement received
preoperative testosterone enanthate (600 mg weekly) or pla-
cebo for four weeks. In the testosterone-enanthate group
mean length of hospital stay reduced nonsignificantly, the
ability to stand improved significantly and there was a trend
towards improvements in walking and stair climbing as
compared with the placebo-treated group [47). However, a
controlled pilot study including 29 frail elderly females with
hip fractures who received either nandrolone decanoate
(2 mg/kg, weekly) or placebo for four weeks showed no
detectable benefits from with
decanoate [48].

treatment nandrolone

10. Side effects

Many adverse events associated with AAS use/abuse have been
reported. These range from cardiovascular events to hepato-
toxic, renal, reproductive/endocrine, dermatological, psycho-
logical and behavioural effects [49,50]. These effects however,
are mainly described in casuistic reports of patients who abuse
AAS. In the clinical trails discussed in this review, adverse
events, when reported, were usually described as mild and
reversible. Events were mainly application site reactions
(pain, skin irritation, hematoma at the injection site) or con-
sistent with the androgenic nature of AAS; acne, mild hirsut-
ism, breast tenderness, clitoral enlargement, reduction in
testicular size, increased libido, increased aggressiveness/
irritability, mood swings, adverse liver function tests, ele-
vated hematocrit and an altered lipid profile. If liver enzymes
were increased, the degree of change was usually mild and no
reason to interrupt treatment. Elevated hematocrit is dose-
dependent and rarely leads to discontinuation of treat-
ment. However, in patients with COPD AAS may aggravate
polycythemia. Reduction in high-density lipoprotein (HDL)
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and increase in low-density lipoprotein (LDL) cholesterol
levels are frequently seen. It is not known whether this
adversely affects cardiovascular risk, however, since AAS are
usually administered for limited periods, the effects on lipid
profile are mostly transient. In the reviewed studies, there
was no report of hypertension or development of edema
and only one patient was reported to have an elevated
prostate-specific antigen.

Recently, a testosterone substitution trial in elderly men with
low testosterone levels and impaired mobility was discontinued
due to a significantly increased number of cardiovascular
adverse events in the testosterone-treated group. [51] This was
unexpected since a recent meta-analysis of testosterone-
substitution trials did not shown increased cardiovascular risk
in testosterone-treated men [521. Although these conflicting
results need further evaluation in larger controlled trials, it
seems prudent to withhold high-dose androgen treatment in
older men with high cardiovascular risk.

11. Expert opinion

Disease is associated with a catabolic state, resulting in weight
loss and loss of muscle strength, contributing to functional
impairment and excess morbidity and mortality. Androgens
have a dose-dependent anabolic effect on muscle mass and
strength and may potentially prevent some of the adverse
effects of chronic disease and thus improve outcome. Supple-
mentation of testosterone in older frail men with age-
related hypogonadism is associated with mild to moderate
improvement of body composition, however, clinically mean-
ingful positive effects on muscle strength and function are
mostly absent. Short-term administration of AAS in pharma-
cological doses has been shown to increase muscle mass and
muscle strength in young and older men with relatively few
side effects. However, probably due to the fear of side effects,
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mainly obtained from casuistic reports of AAS abuse by ath-
letes, the potential efficacy of AAS in patients with chronic
conditions has not been extensively studied. Additionally,
due to their strong virilizing effects their use is primarily lim-
ited to males. Nevertheless, virtually all studies executed in
chronically ill patients provided evidence for a clinically
meaningful and statistically significant increase in weight,
muscle mass and fat-free mass without major adverse events.
However, drawing firm conclusions form these studies is dif-
ficult. The studies were underpowered to detect a benefit of
treatment on mortality. Although most studies detected a sig-
nificant increase in muscle mass or strength, the clinical ben-
efit for the individual patient is not always evident in terms of
rehabilitation, quality of life or survival. Furthermore,
straightforward conclusions are hampered by the large
heterogeneity between the studies, including various diseases,
different drugs and a large range of doses.

Selective Androgen Receptor Modulators (SARM’s) have
been developed in an attempt to obtain the desired effects of
androgens while minimizing the unwanted effects on the
prostate and cardiovascular outcomes. Although exciting,
efficacy and safety of these compounds remains to
be determined.

In conclusion, treatment of patients suffering from chronic
conditions with AAS appears to be relatively safe and out-
comes based on surrogate endpoints are promising. However,
larger studies, with adequate follow up are needed before firm
recommendations can be made. Based on current knowledge,
only the use of oxandrolone in patients suffering from burn
injury can be recommended.
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