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SUMMARY. In severe burns, hyper-metabolic conditions due to elevation of pro-inflammatory cytokines and
stress hormones usually occur. Unregulated hypermetabolism can lead to muscle protein catabolism, inducing
weakness, infection, and delayed wound healing. Oxandrolone is known as an anabolic agent with minor side
effects. This study aims to determine the effect of oxandrolone on lean body mass (LBM) in severe burn patients.
A randomized, double blind and placebo controlled trial was conducted in the burn centre of the Dr. Soetomo
Hospital. Severe burn patients who met the inclusion criteria were randomized into two groups, oxandrolone
and placebo group. Oxandrolone was given with a dose 0.1 mg/kg twice a day for 14 consecutive days.  Estimated
lean body mass (eLBM) for each group was measured on admission (day 0) and day 14. Fourteen burn patients
were enrolled in this study. Lean body mass reduced significantly from 48.69±7.71 to 46.70±7.96 in the placebo
group (p-value 0.008) by independent t-test. There was no significant decrease of LBM in the oxandrolone
group. Delta LBM (∆ eLBM) before and after treatment was 0.38±1.64 in the oxandrolone group, and -1.32±1.23
in the placebo group (p-value = 0.049). There were no adverse effects during the administration to the oxan-
drolone group. In severe burn patients, oxandrolone could prevent reduction of LBM compared to placebo and
is relatively safe. These findings suggest the efficacy of oxandrolone in preventing muscle catabolism as a part
of hypermetabolism in burn patients. 
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RÉSUMÉ.Un état hypermétabolique, dû à l’élévation des cytokines pro- inflammatoires et des hormones du stress,
est habituel. Il peut être à l’origine d’un catabolisme musculaire (responsable d’une faiblesse musculaire), d’in-
fections et de retard de cicatrisation. L’oxandrolone est un agent anabolisant ayant peu d’effets secondaires. Cette
étude a pour but d’étudier son effet sur la MM des brûlés graves. Il s’agit d’une étude randomisée en double
aveugle contre placebo, conduite dans le CTB de l’hôpital Dr Soetomo auprès de 14 patients. L’oxandrolone était
prescrite à la posologie de 0,1 mg/kg x 2/j pendant 14 j. La MM estimée (MMe) était notée à l’admission (J0) et à
la fin du traitement (J14). La MMe baissait significativement de 48,69 +/- 7,71 à 46,70 +/- 7,96 kg (p = 0,008 ;
test t) chez les témoins quand cette variation n’était pas significative sous oxandrolone. La variation de MM (ΔMM)
entre J0 et J14 était de 0,38 +/- 1,64 kg dans le groupe oxandrolone et de – 1,32 +/- 1,23 kg dans le groupe témoin
(p = 0,049). Aucun effet indésirable n’a été observé dans le groupe oxandrolone. Chez les patients gravement
brûlés, l’oxandrolone pourrait prévenir la perte de MM et est relativement sûre, nos données  suggérant son effi-
cacité sur la lyse musculaire liée à leur hypermétabolisme.
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Introduction

Burns are tissue damage resulting in the loss of
some or all layers of the skin barrier. Severe burn al-
ters physiologic derangements affected by a state of
rapidly increasing hypermetabolism, including re-
duced lean body mass, insulin resistance, delayed
wound healing and increased systemic infection.
Unregulated hypermetabolism could lead to multi-
organ failure and eventually death.1 Early excision
or debridement of burned tissue to remove dead tis-
sue or debris and to inhibit the inflammatory process
has decreased the risk of infection and length of
stay.2 However, severe burn patients who survive ex-
hibit a hypermetabolic response for a long time,
even after discharge from hospital for up to eight
months after injury, and characterized by muscle
wasting, decreased bone mineral density and re-
tarded growth, especially in children.3

Muscle wasting is a condition of losing muscle
mass due to muscle component breakdown, espe-
cially protein. Muscle wasting can lead to a reduc-
tion in lean body mass (LBM), so that a significant
decrease in LBM can increase the risk of death in
burn patients. A severe burn will cause a large in-
crease in the catabolic rate, leading to lean mass con-
sumption and a decrease in protein reserves.
Decreased muscle mass and lean body mass will
lead to deficiencies in wound healing and muscle-
skeletal function.4-6 Testosterone analogs have been
reported to be used as substances that can reduce
protein loss and stimulate anabolism, one of which
is oxandrolone as an anabolic agent.7

Oxandrolone is a synthetic testosterone analog
with a low androgenic effect and fewer hepatotoxi-
city properties. Previous study has shown that oxan-
drolone is successfully used for children with Turner
syndrome, cachexia, alcoholic hepatitis, AIDS and
other growth disturbance diseases.8 Oxandrolone is
currently used in several patient populations, includ-
ing burns, to restore weight loss caused by injury or
illness. The rate of lean mass gain in the post-burn
recovery period using oxandrolone and nutrition has
been reported to be four times higher than that of nu-
trition alone, with no significant complications.9

Some instruments such as magnetic resonance and
dual absorptiometry x-ray (DXA) and computed to-

mography (CT) are used to calculate LBM. However,
these methods are expensive and there is limited ac-
cess in clinical practice. Therefore, a cheap and
straightforward approach was required to assess
LBM. The anthropometric-based equation to predict
LBM can be used as an alternative method. A study
by Yu et al. reported that the anthropometric predic-
tion equation offers an alternative to assess LBM in
healthy adults when access to CT or DXA is limited.10

So far in Indonesia, no study has evaluated the
efficacy of oxandrolone in burn patients. Based on
this background, the aim of this study is to investi-
gate the efficacy of oxandrolone on lean body mass
in severe burn patients using anthropometric estima-
tion in the Indonesian population.

Materials and methods

This fourteen-day randomized, double-blind,
placebo-controlled, and mono center study was con-
ducted at the burn unit of Dr. Soetomo Hospital, East
Java, Indonesia. This study was performed under the
Ethical Committee of Dr. Soetomo Hospital with the
registration number: 157/KEPK/IX/2019. Severe
adult burn patients admitted to the burn unit of the
Dr. Soetomo Hospital between June 2019 and Sep-
tember 2020 were included in the study. Before
study enrollment, the patient’s family or guardian
was informed about the purpose of the study and the
risks and benefits, and asked to fill in the written in-
formed consent.

The inclusion criteria in this study were as fol-
lows: burn patients aged more than 18 years old;
TBSA ≥25% and less than 72 hours after burning;
patients were not to be under medications that might
interfere with the result, such as testosterone, recom-
binant growth hormone, beta-blocker or diabetes
medication; patients were able to feed orally or en-
terally. The exclusion criteria were burned patients
with electrical injury, pregnancy or breastfeeding,
and patients with prostate and breast carcinoma his-
tory. Patients would be dropped out if they were dis-
charged from the hospital or expired before
completing the 14 days of the study.

The subjects were assigned by simple random al-
location into two groups and followed for 14 con-



secutive days. Oxandrolone with a dose of 0.1 mg/kg
was given twice daily in group 1 and initiated after
resuscitation, whereas subjects in group 2 received a
placebo. The pharmacy department’s allocation was
conducted in the burn unit and kept secret until the
study was completely finished. None of the re-
searchers in this study were included in the distribu-
tion of subjects. Both oxandrolone and placebo were
packaged in identical capsules and differentiated by
a code (“1” or “2”). The researcher and the subjects
were blinded to the two identical capsules’ content
during the study period. A third party who was re-
lated to the study conducted the blinding codes.

All of the patients received ringer lactate solution
using modified Parkland formula within 24 hours of
the initial injury. Enteral nutrition was slowly intro-
duced within 24 hours of injury, and full nutrition
was set within two days. Enteral and parenteral nu-
trition were given in this study providing a carbohy-
drate composition of 55-60% of total daily calories,
protein 1.5-2 g/kg/day or 20-25% of total calories,
and fat less than 25% of total calories. Each sachet
of enteral nutrition contains 200 kkcal of calories
(PANTERAL®). Calorie needs in burn patients for
the acute phase are 20-25 kcal/kg/day, while for the
maintenance phase, 25-30 kcal/kg/day. The patients
underwent debridement every five to seven days
more than once. Vital signs, urine output and com-
plete blood count were regularly observed during
hospitalization until discharge.

This study’s primary outcome was estimated lean
body mass (LBM) before and after each treatment,
and the secondary outcome was the incidence of side
effects after administration of oxandrolone. To cal-
culate LBM, an estimated equation of LBM based
on the formula for Asians11 was used, as follows:

LBM male = -25.498 – 0.051 (age) + 0.312
(height) + 0.263 (weight) + 0.373 (body mass index)

LBM female = 18.866 + 0.634 (weight) – 0.771
(body mass index)

The anthropometric parameters, including body
weight, height and body mass index were recorded
twice, on admission and after two weeks of treat-
ment. Body mass index (BMI) was calculated by di-
viding body weight in kilogram with height in m2.

This study’s sample size was calculated based on the
published level of lean body mass in burn patients.
To assess the normality of the variables, the Kol-
mogorov-Smirnov was used. To determine the dif-
ferences in all baseline data and variables between
the two groups, we used an independent t-test. To
determine the different variables before and after
treatment for each group, we used paired t-test.  Cal-
culated p-values were interpreted as statistically sig-
nificant if they were less than 0.05.

Results

  Fourteen severely burned adult patients were in-
cluded in this study. Seven burn patients were en-
rolled for each group. Numerical variables were
normally distributed by Kolmogorov-smirnov test
with p-value >0.05. The demographic of the patients
is shown in Table I. There was no significant differ-
ence in sex, age and total burn surface area (TBSA)
between the two groups (p > 0.05).

The anthropometric parameters including body
weight, height and estimated LBM as well as the dif-
ferences before and after treatment in the oxandrolone
group and placebo group are shown in Table II and
Table III, respectively.

Annals of Burns and Fire Disasters - vol. XXXV - n. 1 - March 2022

57

Table I - Demographic data for each group

Table II - Estimated LBM in the oxandrolone group at day 0 and day 14

Table III - Estimated LBM in the placebo group at day 0 and day 14



In baseline of e LBM at day 0, there was no dif-
ference between the two groups by independent t-
test (p-value=0.352). The delta (∆ eLBM) of each
group before and after treatment is shown in Fig. 1.
There was a significant difference in ∆ eLBM by in-
dependent t-test (p-value= 0.049). The oxandrolone
group has a positive mean of ∆ eLBM. There were
no side effects of oxandrolone administration during
this study. 

Discussion

This randomized placebo-controlled trial is the
first study in Indonesia among adult burn patients
evaluating the efficacy of oxandrolone on lean body
mass. This study included fourteen severely burned
patients with average TBSA more than 30%. Severe
burn patients with TBSA >20% are characterized by
an increased insulin resistance, myocardial oxygen
consumption, risk of infection, catabolic rates, and
decreased protein synthesis. The most common cata-
bolic rates were shown in reduced body weight, es-
pecially lean body mass.12 Several studies reported
that the administration of anabolic steroid, oxan-
drolone, has positive impacts in burn patients to pre-
vent muscle wasting. Williams et al. reported that
loss to lean body mass will lead to immune dysfunc-
tion of 10%, delayed wound healing of 20%, sys-
temic infection of 30%, and death of 40% of burn
patients.6

Oxandrolone was approved by the FDA for the

therapy of trauma, severe illness, and disorders of
muscle wasting. Oxandrolone has been used to in-
crease body weight in HIV/AIDS patient-associated
myopathy with muscle wasting, and gain of LBM in
patients with chronic obstructive pulmonary disease
in a cachexic condition. Furthermore, oxandrolone
was used to improve growth in children with cystic
fibrosis.13 A study by Berger et al. reported that the
administration of oxandrolone at a dose both 5
mg/day and 15mg/day had a beneficial impact on
maintaining and gaining body weight in HIV pa-
tients suffering from weakness and wasting.14 Be-
cause of its ability to counteract the catabolic
condition, oxandrolone has been used as an anabolic
steroid in severely burned patients in recent
decades.15 Among anabolic androgens, oxandrolone
was given orally with minimal androgenic activity.
Oxandrolone has anabolic activity by binding to its
androgen receptor in skeletal muscle and inducing
muscle protein synthesis. Oxandrolone also inhibits
muscle catabolism by working as a glucocorticoid
receptor antagonist.16 Oxandrolone has a high ana-
bolic activity compared to testosterone and
methytestosterone with a ratio anabolic: androgenic
of 10:1.17

According to our results, the treatment with oxan-
drolone in a dose 0.1mg/kg bid orally for 14 consec-
utive days improved the clinical outcomes of burn
patients by preventing loss of lean body mass during
hospitalization compared to placebo. Total body
weight is a combination of fat mass and fat-free
mass. Fat-free mass (FFM) consists of bones, mus-
cles, vital extracellular organs and fluids. LBM is
similar to FFM, but with the inclusion of lipids in
the cellular membrane, though it only accounts for
a fraction of the total body weight (up to 3% in men
and 5% in women).18 In some literature, bone mass
is sometimes included in LBM and in some other lit-
erature it is not included.19,20 Our study was similar
to several studies that indicated that the use of oxan-
drolone vs. a control (placebo or not) has significant
advantages, such as less body mass loss, nitrogen
loss, and donor tissue healing time.21-25 However,
there were some differences to our data in time to
administer oxandrolone in some studies. In a study
by Demling in 1999,22 oxandrolone was given at day
7 to 10 after burns, and in Demling et al. in 2000,23
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oxandrolone was given at day 2 to 4 after burns.
Meanwhile, in our study oxandrolone was given
shortly on admission to hospital. In our study, we
used the estimated LBM with the equation for
Asians. Contemporary south Asians generally have
a lower lean mass (organ and lean muscle) relative
to the physique and total body mass of Europeans,
which may partially explain why they develop non
communicable disease at a lower BMI than in other
populations.26

A meta-analysis study reported that when oxan-
drolone was used in burn patients, there were signif-
icant benefits in terms of less loss of corporal mass,
nitrogen loss, and donor area healing time when
compared to a control group or placebo.9 According
to Demling et al., oxandrolone is an excellent alter-
native for burn metabolic treatment. Oxandrolone
has improved outcome measures beyond what was
possible in control patients already receiving optimal
clinical burn therapy. Furthermore, oxandrolone
therapy is not only safe but also cheap, costing only
10% of an equivalent anabolic dose of recombinant
human growth hormone.21-23

Amino acid precursors for improved muscle pro-
tein synthesis may come from blood or muscle pro-
tein breakdown. The efficacy of incorporating amino
acid precursors from both sources into protein is re-
ferred to as the performance of muscle protein syn-
thesis. Oxandrolone did not affect inward transport
in the current study, but caused an increase in pro-
tease levels. The use of free intracellular amino acids
produced by protein breakdown was improved by
oxandrolone. Consequently, protein synthesis was
enhanced whereas protein breakdown remained sta-
ble, leading to a net balance of muscle protein me-
tabolism.

Even though in our study we did not analyze the
effects of oxandrolone in burn patients with inhala-
tion trauma, a study by Sousse et al. reported that
oxandrolone in a dose 0.1 mg/kg/day bid for 12
months improved lung function in children with
burns. The maximum voluntary ventilation of oxan-
drolone-treated subjects was significantly higher
(98±53L/min vs. 115±56 without treatment, p-value
=0.03). The maximum expired ventilation (VEmax)
was significantly higher in oxandrolone-treated sub-
jects than in untreated subjects during maximal ex-

ercise (32.0±8.7 L/min vs. 43.7±13.6 with treatment,
p-value =0.02).27 It was suggested that the duration
of hospital stay of severe burn patients is longer than
that of those with moderate burns. The study by
Wolf et al. reported that the duration of stay in the
oxandrolone 10mg bid group was significantly
shorter (31.6±3.1 days) compared to placebo
(43.3±5.3 days). Operating procedures in the oxan-
drolone group decreased significantly and indicated
that oxandrolone accelerated wound healing.25

In our study, we found no adverse effects in the
oxandrolone group. Oxandrolone is less metabolized
in the liver compared to other anabolic agents, and
therefore the incidence of hepatotoxicity may be
lower. This is because oxandrolone has the lactone
group in its chemical structure, making it more re-
sistant in liver biotransformation. Approximately
28% of oxandrolone dose is excreted as a parent
drug or unchanged and unconjugated in the urine.
Several studies reported the administration of oxan-
drolone in burn patients with a dose 10-20 mg bid,
and showed that adverse effects in hepatic dysfunc-
tion was transient or mild compared to placebo. A
study by Hart et al. reported that after the adminis-
tration of oxandrolone in severe burn children in a
dose 0.1 mg/kg for 5 days, there were no differences
of adverse effects in liver function test before and
after treatment in the oxandrolone and the control
group.28 A recent meta-analysis stated that oxan-
drolone was not associated with mortality or im-
paired liver function. Oxandrolone reduced length
of stay of burn patients in hospital.29,30 Hepatic dys-
function was observed after long treatment and a
high dose of oxandrolone for several diseases. For-
tunately, oxandrolone was used in burn settings for
a short time period. 

Little has been identified about the risk factors
that could lead to the development of transaminitis
or hepatic dysfunction stimulated by oxandrolone.
The McCullough study is the only study published
in the literature to characterize possible risk factors
associated with hepatic dysfunction in patients re-
ceiving oxandrolone therapy. In addition, there was
no difference in the incidence of hepatic dysfunction
when comparing TBSA percent burn. The small
study of only 14 patients in the oxandrolone group,
the different oxandrolone dosage therapies of 5 mg
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and 10 mg twice daily, and the overall lower burn
severity (mean of TBSA 15–19%) is a limiting factor
when determining potential risk factors.31

There are several limitations to this study. The first
is the limited number of samples so that the results
obtained cannot describe the overall patient popula-
tion of burns. Second, we did not report the patients’
daily calorie intake and transaminase to assess the he-
patotoxicity of oxandrolone. However, a study con-
ducted by Hart et al. reported no differences in calorie
intake, protein intake, and albumin during the study
period in burn patients who received oxandrolone or
placebo. Each burn patient in that study received en-
teral nutrition with Vivonex TEN containing 82% car-
bohydrate, 15% protein, and 3% fat. Caloric
intake/day was administered at a rate calculated to de-
liver 1,500 kcal/m2 TBSA burned. Resting energy ex-
penditure as a percentage of basal metabolic rate was
150±15% in the placebo group and 141±14% in the

oxandrolone group. The enteral nutrition effectively
achieved a high-calorie and high-protein intake and
significantly improved nutritional status, as evidenced
by an increase in dietary indices.28

Conclusion

This study showed that the administration of
oxandrolone in severely burned patients could pre-
vent loss of lean body mass as a promising choice
to regulate hypermetabolism and is relatively safe.
Estimated equation of LBM using anthropometric
measurement is a low cost and practical method to
assess LBM. Caution should be taken regards he-
patic dysfunction by closely monitoring transami-
nase. Further research is needed to clarify the
efficacy and safety of oxandrolone in clinical out-
comes among Indonesian burn patients.  
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