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The Effect of Oxandrolone on the Endocrinologic,
Inflammatory, and Hypermetabolic Responses

During the Acute Phase Postburn

Marc G. Jeschke, MD, PhD,*† Celeste C. Finnerty, PhD,*† Oscar E. Suman, PhD,*†
Gabriela Kulp, MS,* Ronald P. Mlcak, PhD,* and David N. Herndon, MD, FACS*†

Objective and Summary Background Data: Postburn long-term
oxandrolone treatment improves hypermetabolism and body com-
position. The effects of oxandrolone on clinical outcome, body
composition, endocrine system, and inflammation during the acute
phase postburn in a large prospective randomized single-center trial
have not been studied.
Methods: Burned children (n � 235) with �40% total body surface
area burn were randomized (block randomization 4:1) to receive
standard burn care (control, n � 190) or standard burn care plus
oxandrolone for at least 7 days (oxandrolone 0.1 mg/kg body weight
q.12 hours p.o, n � 45). Clinical parameters, body composition,
serum hormones, and cytokine expression profiles were measured
throughout acute hospitalization. Statistical analysis was performed
by Student t test, or ANOVA followed by Bonferroni correction
with significance accepted at P � 0.05.
Results: Demographics and clinical data were similar in both
groups. Length of intensive care unit stay was significantly de-
creased in oxandrolone-treated patients (0.48 � 0.02 days/% burn)
compared with controls (0.56 � 0.02 days/% burn), (P � 0.05).
Control patients lost 8 � 1% of their lean body mass (LBM),
whereas oxandrolone-treated patients had preserved LBM (�9 �
4%), P � 0.05. Oxandrolone significantly increased serum prealbu-
min, total protein, testosterone, and AST/ALT, whereas it signifi-
cantly decreased �2-macroglobulin and complement C3, P � 0.05.
Oxandrolone did not adversely affect the endocrine and inflamma-
tory response as we found no significant differences in the hormone
panels and cytokine expression profiles.
Conclusions: In this large prospective, double-blinded, random-
ized single-center study, oxandrolone shortened length of acute
hospital stay, maintained LBM, improved body composition and
hepatic protein synthesis while having no adverse effects on the

endocrine axis postburn, but was associated with an increase in
AST and ALT.

(Ann Surg 2007;246: 351–362)

Severe burn injuries induce a hypermetabolic response,
which leads to endocrinologic dysfunction, immune com-

promise, catabolism, and hyper inflammation.1–4 Stress-re-
lated hormones such as catecholamines, cortisol, and gluca-
gons drive this response and are markedly elevated
postburn.2–6 These changes result in a hypercatabolic state,
which is characterized by a significant loss of lean body mass
(LBM), even in the fed state, persistent muscle weakness,
tachycardia, early fatigue with normal activity, and growth
arrest.2–4,7–11 The loss of total nitrogen from the skeletal
muscle may be as much as 10- to 15-fold greater in the
burned patient than in a healthy-fasted volunteer.11 These
drastic changes are most pronounced immediately postburn
and up to 6 to 8 weeks postburn until the patient is discharged
from the unit.1,12–15 Hypermetabolism, however, has been
shown to persist over 2 years leaving the patient disabled and
preventing them from reintegration into society.14,15 Attenu-
ation of these responses has been investigated and shown to
be beneficial in terms of improved rehabilitation and accel-
erated reintegration of the patient into society.2,6,16

One of the agents that have been shown to be effective
is oxandrolone.17–20 Oxandrolone, an oral synthetic testoster-
one analogue, has been successfully used in children with
Turner syndrome and other pathologic delays in growth,
cachexia, alcoholic hepatitis, and in patients with AIDS-
associated wasting myopathy.21–24 Compared with testoster-
one, oxandrolone has minimal virilizing activity.25,26 In
burned children and adults, oxandrolone has shown promis-
ing results in terms of weight gain and urinary nitrogen
balance during the acute phase postburn.18,20 oxandrolone
further improved body composition and strength in severely
burned children during the 12 months of treatment.15,18 Re-
cently, a multicenter study showed that oxandrolone signifi-
cantly shortened length of hospital stay in 81 severely burned
adults.27 Taking these data together, it appears that oxan-
drolone is a beneficial treatment option for severely burned
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patients; however, there is no large prospective single center
trial on the effect of oxandrolone on clinical outcome. Fur-
thermore, the underlying mechanisms responsible for the
improved clinical outcome are not fully understood. As the
peak of the hypermetabolic and inflammatory responses oc-
curs immediately after burn,1,2,6,12 the current study was
designed to investigate the effect of oxandrolone on clinical,
metabolic, endocrinologic, and inflammatory markers during
the immediate acute phase postburn.

PATIENTS AND METHODS
Thermally injured children over a time period of 8

years who were admitted to our burn unit and required at least
1 surgical intervention were included in this study. Two
hundred thirty-five severely burned children with �40% total
body surface area (TBSA) burn were enrolled in the study
and randomized (block randomization 4:1) to receive stan-
dard burn care (control, n � 190) or standard burn care plus
oxandrolone (oxandrolone, n � 45). When patients were
admitted within the first 24 hours, postburn patients were
resuscitated according to the Galveston formula with 5000
mL/m2 TBSA burned � 2000 mL/m2 TBSA lactated Ring-
er’s solution given in increments over the first 24 hours.
Within 48 hours of admission, all patients underwent total
burn wound excision and the wounds covered with available
autograft skin with allograft used to cover any remaining
open areas. After the first operative procedure, it took 5 to 10
days until the donor site was healed and patients were then
taken back to the operation theater. This procedure was
repeated until all open wound areas were covered with
autologous skin material.

All 235 patients received placebo for the first 7 days
after hospital admission, which is the 6th day after their first
operation. According to their randomization, patients then
were given oxandrolone or placebo. Oxandrolone was admin-
istered at 0.1 mg/kg body weight q.12 hours p.o, n � 45 and
drug administration was monitored prospectively by pharma-
cists from our institute. Oxandrolone or placebo was given
throughout the entire hospital course until patients were
discharged from the intensive care unit (ICU). This study was
limited to acute hospitalization; therefore, we did not include
any long-term oxandrolone administration. Duration of ox-
androlone administration was similar for all oxandrolone-
treated patients, which was approximately 30 days.

All patients underwent the same nutritional treatment
according to a standardized protocol. We used the Galveston
formulas, Galveston Infant, Galveston Revised, and
Galveston Adolescent. The formula change with age based on
the body surface alterations that occur with growth. Roughly,
the intake is calculated as 1500 kcal/m2 body surface � 1500
kcal/m2 area burn or we assessed the caloric need by mea-
suring the resting energy expenditure (REE) and multiplied
by 1.4 as previously published.28 The nutritional route of
choice in our patient population was enteral nutrition, and
none of the patients in this study received parenteral nutrition.
The amount of calories was the same in both groups.

Patient demographics (age, date of burn and admission,
sex, burn size and depth of burn) and concomitant injuries,

such as inhalation injury, sepsis, morbidity, and mortality
were recorded. Sepsis was defined as a blood culture or
pathologic tissue identifying the pathogen during hospitaliza-
tion or at autopsy, in combination with at least 3 of the
following: leucocytosis or leucopenia (�12,000 or �4000),
hyperthermia or hypothermia (�38.5 or �36.5°C), tachycar-
dia (�150 BPM in children), refractory hypotension (systolic
BP �90 mm Hg), thrombocytopenia (platelets �50,000/
mm3), hyperglycemia (serum glucose �240 mg/dL), and
enteral feeding intolerance (residuals �200 mL/h or diarrhea
�1 L/d) as previously published.29–31 Wound healing was
evaluated from time of donor site healing and thus time
between operative interventions.

Indirect Calorimetry
As part of our routine clinical practice, all patients

underwent REE measurements within 1 week after hospital
admission and weekly thereafter during their acute hospi-
talization. This and subsequent measurements of REE
were performed between midnight and 5 AM while the
patients were asleep and receiving continuous feeding.
REE was measured using a Sensor-Medics Vmax 29 met-
abolic cart (Yorba Linda, CA) as previously published.13

The REE was calculated from the oxygen consumption and
carbon dioxide production by equations described by Weir
and 1 recent publication.13 Measured values were com-
pared with predicted norms based upon the Harris-Bene-
dict equation and to body mass index (BMI).13 For statis-
tical comparison, energy expenditure was expressed both
as absolute REE, as the percentage of the basal metabolic
rate predicted by the Harris-Benedict equation, and as
actual REE normalized to BMI.

Body Composition
Height and body weight were determined clinically 5

days after admit and at discharge. Total LBM, fat, bone
mineral density (BMD), and bone mineral content (BMC)
were measured by dual energy x-ray absorptiometry
(DEXA). An Hologic model QDR-4500W DEXA (Hologic,
Waltham, MA) was used to measure body composition as
previously published.14,15

Serum Hormones, Proteins, and Cytokines
Blood or urine was collected from the burn patients at

the time of admission, preoperatively, and 5 days post oper-
atively for 4 weeks for serum hormone, protein, cytokine, and
urine hormone analysis. Blood was drawn in a serum-sepa-
rator collection tube and centrifuged for 10 minutes at 1320
rpm, the serum was removed and stored at �70°C until
assayed.

Serum hormones and acute phase proteins were deter-
mined using HPLC and ELISA techniques. The Bio-Plex
Human Cytokine 17-Plex panel was used with the Bio-Plex
Suspension Array System (Bio-Rad, Hercules, CA) to profile
expression of seventeen inflammatory mediators �IL-1�,
IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p70, IL-13,
IL-17, granulocyte colony-stimulating factor (G-CSF), gran-
ulocyte-macrophage colony stimulating factor (GM-CSF),
interferon-gamma (IFN-�), monocyte chemoattractant pro-

Jeschke et al Annals of Surgery • Volume 246, Number 3, September 2007

© 2007 Lippincott Williams & Wilkins352



tein-1 (MCP-1), macrophage inflammatory protein-1 beta
(MIP-1�), and TNF. The assay was performed according to
the manufacturer’s instructions as previously published.1,12

Urine cortisol was determined by standard laboratory
techniques, counting for urine amount, creatinine, and creat-
inine clearance.

Cardiac and Liver Changes
M-Mode echocardiograms were completed as follows:

at the time of the study, none of the patients presented with or
previously suffered from other concomitant diseases affecting
cardiac function, such as diabetes mellitus, coronary artery
disease, long standing hypertension, or hyperthyroidism.
Study variables included resting cardiac output (CO), cardiac
index (CI), stroke volume (SV), resting heart rate (HR), and
left ventricular ejection fraction. SV and CO were adjusted
for body surface area and expressed as indexes. All ultra-
sound measurements were made with the Sonosite Titan
echocardiogram, with a 3.5 MHz transducer. Recordings
were performed with the subjects in a supine position and
breathing freely. M-Mode tracings were obtained at the level of
the tips of the mitral leaflets in the parasternal long axis position
and measurements were performed according to the American
Society of Echocardiography recommendations. Left ventricular
volumes determined at end diastole and end systole were used to
calculate ejection fraction (EF), SV, CO and CI. Three measure-
ments were performed and averaged for data analysis.

Ultrasound measurements, in this study, were made
with the HP Sonos 100 CF echocardiogram (Hewlett Packard
Imaging Systems, Andover, MA). The liver was scanned
using an Eskoline B-scanner, a modified HP diagnostic
sounder 7214 A, and a modified 3.5 MHz transducer probe.
Liver size was calculated using the previously published
formula and actual size was then compared with predicted
size.32

Strength Measurements
Strength testing was conducted in controls and oxan-

drolone-treated patients between discharge and 6 months
postburn before the patients underwent exercise training us-
ing a Biodex System-3 dynamometer (Shirley, NY). The
isokinetic test was performed on the dominant leg extensors
and tested at an angular velocity of 150°/s. This speed was
chosen as it was well tolerated (compared with lower or
higher angular speeds) by the children across all ages and all
groups. The patients were seated and their position stabilized
with a restraining strap over the midthigh, pelvis, and trunk in
accordance to the Biodex System-3 Operator’s Manual. All
patients were familiarized with the Biodex test in a similar
manner. First, the administrator of the test demonstrated the
procedure. Second, the test procedure was explained to pa-
tients, and third, patients were allowed to practice the actual
movement during 3 submaximal repetitions without load as
warm-up. More repetitions were not allowed to prevent the
onset of fatigue. The anatomic axis of the knee joint was
aligned with the mechanical axis of the dynamometer before
the test. After the 3 submaximal warm-up repetitions, 10
maximal voluntary muscle contractions (full extension and
flexion) were performed. The maximal repetitions were per-

formed consecutively without rest in between. Three minutes
of rest was given to minimize the effects of fatigue and the
test was repeated. Values of peak torque were calculated by
the Biodex software system. The highest peak torque mea-
surement between the 2 trials was selected. Peak torque was
corrected for gravitational moments of the lower leg and the
lever arm.

Ethics and Statistics
The study was reviewed and approved by the Institutional

Review Board, of the University Texas Medical Branch,
Galveston, Texas. Before the study, each subject, parent or
child’s legal guardian had to sign a written informed consent
form. Analysis of variance (ANOVA) with post hoc Bonferroni
correction, unpaired Student t test (1 tail and 2 tail), �2 analysis,
and Mann-Whitney tests were used where appropriate. Data are
expressed as means � SEM or percentages, where appropriate.
Significance was accepted at P � 0.05.

RESULTS

Demographics
Two hundred thirty-five severely burned children were

included in the present study. Patients’ demographics are
shown in Table 1. There was no significant difference in age,
gender distribution, TBSA burn, third-degree burn, and time
from burn to hospital admit between controls and oxan-
drolone (Table 1). There was no difference between groups in
the incidence of inhalation injury, major and minor infec-
tions, mortality, and nutritional intake (Table 1). Length of
hospital stay was 31 � 2 days in controls and 28 � 2 days in
oxandrolone-treated patients. When length of stay was nor-

TABLE 1. Patient Demographics

Controls
(n � 190)

Oxandrolone
(n � 45) P (c vs. ox)

Age (yr) 7.7 � 0.4 8.0 � 0.7 0.7

Gender: Females/males (%) 41/59 30/70 0.5

TBSA (%) 55 � 2 58 � 2 0.4

3rd degree (%) 42 � 2 45 � 3 0.5

Burn to admit (d) 7 � 1 7 � 2 0.9

Length of ICU stay (d) 31 � 2 28 � 2 0.4

Los/% TBSA (d/%) 0.56 � 0.02 0.48 � 0.02* 0.048

Inhalation injury (%) 35 33 0.8

ORs (n) 4.3 � 0.2 4.1 � 0.3 0.7

Time between ORs (d) 7.3 � 0.2 6.5 � 0.2* 0.037

Incidence of infection (%) 40 34 0.7

Major (%) 10 9 0.8

Minor (%) 30 25 0.7

Mortality (%) 6 9 0.7

Nutritional intake

Caloric intake
(% calculated)

94 � 7 93 � 7 0.8

Protein (% of total calories) 80 � 16 79 � 16 0.8

Fat (% of total calories) 9 � 9 10 � 10 0.8

Data presented as means � SEM or percentages.
*Significant difference between controls and oxandrolone, P � 0.05.
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malized to TBSA burn, oxandrolone-treated patients had a
significant shorter ICU stay when compared with controls,
P � 0.05 (Table 1). The number of operations (OR) was not
significantly different between groups; however, time be-
tween ORs was significantly decreased in the oxandrolone
group when compared with controls, implying an increased
wound healing rate in patients treated with oxandrolone, P �
0.05 (Table 1).

Indirect Calorimetry
Actual REE, percent predicted REE, and actual REE

normalized to BMI were determined (Table 2). Confirming
previous studies, actual REE, percent predicted REE, and
actual REE/BMI increased postburn and remained elevated
throughout acute hospital stay. There was no significant
difference between controls and oxandrolone in actual REE,
percent predicted REE, and actual REE/BMI (Table 2).

Body Composition
There were distinct differences in body composition

between controls and oxandrolone-treated patients. Both
groups demonstrated a decrease in BMC (controls: �5 � 2%,
vs. oxandrolone: �8 � 6%) and BMD (controls: �3 � 2%
vs. oxandrolone: �6 � 6%) from admit to discharge with no
differences between controls and oxandrolone. Both groups
had an increase in total whole body fat from admit to
discharge with no difference between controls and oxan-
drolone (Fig. 1). Control patients lost about 8% of their whole
body mass and 9% to 10% of their LBM during acute
hospitalization (Fig. 1). Oxandrolone treatment reversed this
catabolism and preserved body and muscle mass by increas-
ing total whole body mass and LBM (�8%), which was
significantly different from controls, P � 0.05 (Fig. 1).

Serum Hormones, Proteins, and Cytokines
Serum IGF-I and IGFBP-3 decreased immediately after

burn in both groups and remained decreased throughout the
entire study period (Fig. 2). Oxandrolone treatment had no
effect on serum IGF-I and IGFBP-3 (Fig. 2). Serum GH
markedly decreased in both groups with no significant dif-
ference between controls and oxandrolone (Fig. 2).

Sex hormones, estrogen (�-estradiol), progesterone,
and testosterone decreased in both groups postburn. Oxan-
drolone had no effect on serum �-estradiol (Fig. 2). Oxan-
drolone significantly increased serum testosterone at various
time points compared with controls, P � 0.05 (Fig. 2).

Serum liver enzymes AST and ALT increased postburn in
controls but decreased to the normal range at 17 to 22 days
postburn (Fig. 3). Oxandrolone caused a significant increase in
serum AST and ALT beginning at 17 days postburn, P � 0.05
(Fig. 3). However, liver function was not impaired as we found
significantly increased constitutive hepatic protein levels with
oxandrolone treatment. Oxandrolone increased total serum pro-
teins and prealbumin, whereas it decreased acute phase proteins
�2-macroglobulin and complement C3, P � 0.05 (Fig. 4).
Oxandrolone significantly decreased serum-free fatty acids com-
pared with controls, P � 0.05 (Fig. 4). Oxandrolone had no
effect on serum C-reactive protein, �1-acid glycoprotein, trans-
ferrin, retinol-binding protein, and triglycerides.

In terms of serum cytokines, we confirmed previous
studies in which we showed that burn causes a marked
inflammatory response. There was no difference between
controls and oxandrolone-treated patients in the inflammatory
response postburn (Fig. 5).

Cardiac and Liver Changes
Analysis of CO, predicted CO, CI, SV, predicted SV,

HR, predicted HR, CI, and central venous pressure showed
no differences between controls and oxandrolone-treated pa-
tients (Table 3).

TABLE 2. Actual Resting Energy Expenditure, Percent Predicted Resting Energy Expenditure, and Actual Resting Expenditure
Normalized to Body Mass Index

Control (n � 190) Oxandrolone (n � 45)

Admit Wk 2 Wk 3 Wk 4 Discharge Admit Wk 2 Wk 3 Wk 4 Discharge

Actual REE (kcal/d) 1416 � 57 1476 � 60 1538 � 71 1561 � 90 1357 � 49 1374 � 116 1472 � 147 1464 � 160 1419 � 210 1390 � 100

Predicted REE (%) 124 � 3 135 � 4 140 � 4 136 � 4 127 � 3 122 � 6 134 � 9 137 � 9 136 � 9 127 � 4

Actual REE/BMI
(kcal/d*BMI)

74 � 3 80 � 3 86 � 4 86 � 5 76 � 2 73 � 6 80 � 7 82 � 7 79 � 6 78 � 5

Data presented as means � SEM.
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FIGURE 1. Percent change in body composition from admit
to discharge. Both groups had an increase in total whole
body fat from admit to discharge with no difference be-
tween controls and oxandrolone. Oxandrolone treatment
reversed catabolism and preserved body and muscle mass
by increasing total whole body mass and lean body mass
when compared with controls. *Significant difference be-
tween controls versus oxandrolone, P � 0.05.
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Immediately after burn, liver size (length: controls 4 �
5% vs. oxandrolone: 5 � 5%) and weight (weight: controls:
55 � 22% vs. oxandrolone: 43 � 27%) increased in both
groups. There was no significant difference between controls
and oxandrolone in percent change in liver length and liver
weight from admit to discharge.

Strength Measurements
Thirty-nine control patients (age: 11.4 � 0.24 years,

TBSA: 54 � 4%, third-degree TBSA: 43 � 3%, 34 males and
5 females) and 19 patients treated with oxandrolone (age:
12.0 � 0.7 years, TBSA: 53 � 3%, third-degree TBSA: 33 �
5%, 16 males and 3 females) were assessed for muscle
strength. Muscle strength was assessed after discharge before
our exercise rehabilitation program was started, which is
usually between 3 and 6 months postburn. Muscle strength
decreased in both groups compared with normal non-
burned children. However, the mean muscle strength (peak
torque) was significantly higher (2 folds) in the oxan-
drolone group when compared with the control group, P �
0.05 (Fig. 6).

DISCUSSION
Oxandrolone, a testosterone analogue, has been used

for cachectic and protein wasting diseases to improve catab-
olism and clinical outcomes in various pathophysiological
states. Burns induce a marked inflammatory and hypermeta-
bolic response in which the metabolic rate is extremely high
and energy requirements are immense and met by the mobi-
lization of proteins and amino acids.33 Increased protein
turnover, degradation and negative nitrogen balance are char-
acteristics of this severe critical illness.33 As a consequence,
the structure and function of essential organs, such as skeletal
muscle, skin, immune system, and cellular membrane trans-
port functions are compromised.7,34 This compromise can
lead to multi-organ dysfunction or even death. Therefore,
administration of various anabolic agents has been used in an
attempt to attenuate the protein loss and wasting process.
Testosterone as an anabolic substance was clinically intro-
duced in men when it was found to be markedly decreased
poststress and postburn. Testosterone attenuated muscle pro-
tein catabolism, but its administration was associated with
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FIGURE 2. Serum IGF-I and IGFBP-3
decreased immediately after burn in
both groups with significant differ-
ence between controls and oxan-
drolone. Serum GH was in the nor-
mal range immediately postburn,
but started to decrease 2 to 7 days
postburn. There was no difference
between controls and oxandrolone.
Serum estrogen (�-estradiol) and
testosterone decreased in both
groups postburn. Oxandrolone had
no effect on serum �-estradiol, but
significantly increased serum testos-
terone at various time points com-
pared with controls. *Significant dif-
ference between controls versus
oxandrolone, P � 0.05. Dashed lines
represent upper and lower limit of
the normal range.
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increased virilization.25,26 Therefore, oxandrolone a synthetic
testosterone analogue with much less virilizing activity was
introduced.25,26 oxandrolone was tested in various muscle
wasting diseases, such as cachexia, alcoholic hepatitis, and in
patients with AIDS wasting myopathy.21–24 In burned chil-
dren and adults, oxandrolone has shown promising results in
terms of weight gain and urinary nitrogen balance during the
acute phase postburn.18,20 Oxandrolone further improved
body composition and strength in severely burned children
during 12 months of treatment.15,18 Recently, a multicenter
study showed that oxandrolone significantly shortened length
of hospital stay in 81 severely burned adults.27 Taking these
data together, it appears that oxandrolone is a beneficial
treatment option for severely burned patients; however, to
date, no large prospective single-center trial on the effect of
oxandrolone on clinical outcomes during acute hospitaliza-
tion was conducted.

In the present study, we found that oxandrolone
administration during acute hospitalization significantly
decreased length of hospital stay. This data is in agreement
with the recent multicenter study in burned adults.27 Based
on our data, we suggest that decreased length of ICU stay
is due to a shortened interval between operations. We
found that the time interval between ORs are 7.3 � 0.2
days in controls patients whereas it is 6.5 � 0.2 days in
oxandrolone-treated patients. We did not determine the
rate of wound healing or donor site healing in this study;

however, a decreased time interval between ORs would
imply that oxandrolone-treated patients have an improved
wound or donor site healing. It is not clear whether
increased wound healing is due to a direct cell-specific
effect of oxandrolone or an indirect effect due to improved
LBM and thus protein synthesis and availability.35–37

In the present study, we confirmed previous studies in
others and we have shown that a severe burn causes a marked
increase in cardiac work and inflammation, which leads to a
massive hypermetabolic response reflected by increased
REE. We found no difference between controls and oxan-
drolone-treated patients during the acute hospitalization in
REE, predicted REE, CO, CI, SV, or HR. In the present
study, we further showed that burn patients are hypermeta-
bolic and lose approximately 5% to 8% of their total body
weight during acute hospitalization and 10% of their LBM.
This drastic catabolic response was abrogated with oxan-
drolone. We showed that oxandrolone preserved whole body
and lean body muscle mass. As the inflammatory and hyper-
metabolic response was not significantly different between
the 2 groups, we suggest that oxandrolone does not improve
muscle catabolism via these mechanisms. Oxandrolone itself
acts directly on tissue via the androgen receptor and by
activating down-stream molecules.38–40 Recently, it was
shown that oxandrolone suppresses glucocorticoid action via
crosstalk between the androgen receptor and glucocorticoid
receptor.40 Glucocorticoids have been described as one of the
major hormones responsible for proteolysis.5,41–43 Glucocor-
ticoids also increase lipolysis and causes fat accumula-
tion.44,45 Suppressing glucocorticoid activity is a possible
molecular biologic link by which oxandrolone affect catabo-
lism and decreases lipolysis, shown by decreased free fatty
acid concentrations.

We found in the present study that oxandrolone im-
proved body weight during acute hospitalization. Whereas
control patients lost 8% to 10% of their body weight, oxan-
drolone-treated patients gained body weight during acute
hospitalization. As we found no difference in BMC, BMD,
and whole body fat, but a significant increase in LBM with
oxandrolone administration, we conclude that increased body
weight was due to increased lean body muscle mass and not
due to fat or bone mass. More importantly, we found that
increased lean body muscle was functional muscle mass as
we demonstrated that oxandrolone significantly increased
peak torque and maximal strength, which was almost 2 folds,
in our oxandrolone-treated patient population. Increased
functional muscle mass and total body weight is associated
with improved mobilization, daily activity, and thus reinte-
gration of the burn victim into society.46–49 Therefore, ox-
androlone appears to be a beneficial treatment during acute
hospitalization.

A critique is that the DEXA method is not specific
and also determines water content and not only LBM. We
conducted a study in which we compared DEXA with the
K count that is specific for muscle mass. We found in over
100 pediatric burned patients that DEXA and K count
show a very strong positive correlation, implying that
DEXA determines changes in LBM (unpublished data). In

AST

Days postburn
0-1 2-7 8-10 11-16 17-22 23-28 29-40

pg
/m

l

0

20

40

60

80

100

120
Control 
Oxandrolone 

* *
*

ALT

Days postburn
0-1 2-7 8-10 11-16 17-22 23-28 29-40

pg
/m

l

0

20

40

60

80

100

120
Control 
Oxandrolone 

* * *

FIGURE 3. Serum liver enzymes AST and ALT increased post-
burn but decreased to the normal range. Oxandrolone
caused a significant increase in serum AST and ALT begin-
ning at 17 days postburn. *Significant difference between
controls versus oxandrolone, P � 0.05. Dashed lines repre-
sent upper and lower limit of the normal range.
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addition, we measured LBM the earliest 7 days post admit,
which was for this patient population 10 to 14 days
postburn. From our experience, major fluid shifts occur
immediately postburn and last for 5 to 7 days postburn. At
our institute, we consider a patient 5 days postburn at the
patients’ dry weight as the major fluid shifts have passed.
Based on the validation of the DEXA and the time we
conducted the DEXA studies, we suggest that we detected
changes in LBM and not water concentrations. However,
as we did not measure body water content, we cannot make
a definitive statement, which is a limitation to this study. In
future studies, we will include body water content mea-
surements.

A possible concern associated with oxandrolone admin-
istration is an increase in liver enzymes, a phenomenon that
has been described also by other groups.22,50 During our
study period, oxandrolone significantly increased serum AST
and ALT, which occurred 2 to 3 weeks after oxandrolone
treatment was started. Serum AST and ALT are normally

considered markers for hepatic damage, and therefore, one
may suggest that oxandrolone cause some degree of liver
damage; however, we further showed that oxandrolone de-
creased hepatic acute phase protein concentration whereas it
increased constitutive hepatic protein concentration. This
indicates an improved hepatic homeostasis and protein pro-
duction by the liver. This finding was also shown by Thomas
and colleagues.51 We also showed that liver size and weight
was not significantly different between controls and oxan-
drolone patients, which indicates that oxandrolone did not
cause hepatomegaly. It furthermore appears that oxandrolone
did not cause major hepatic damage. We measured serum
IGF-I, IGFBP-3, and GH, all of which are mainly synthesized
in the liver52 and found no significant difference between
controls and oxandrolone-treated patients. These data indi-
cate that liver function maintains intact with the use of
oxandrolone, but we suggest that the elevation of liver en-
zymes should be monitored during the treatment period with
oxandrolone.
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FIGURE 4. Serum constitutive he-
patic and acute phase proteins. Ox-
androlone increased total serum pro-
teins and prealbumin, whereas it
decreased acute phase proteins �2-
macroglobulin and complement C3.
Oxandrolone significantly decreased
serum free fatty acids. *Significant
difference between controls versus
oxandrolone, P � 0.05. Dashed lines
represent upper and lower limit of
the normal range.
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FIGURE 5. A, The effect of oxandrolone on pro- and anti-inflammatory cytokines. Oxandrolone did not have any significant
effect on the inflammatory response. Dashed lines represent upper and lower limit of the normal range. Normal ranges: IL-6:
�8 pg/mL, IL-8: �7 pg/mL, GM-CSF: 0 pg/mL, TNF: �0.7 pg/mL, IL-1�: �0.8 pg/mL, IL-17: 0 pg/mL, IL-2: 0 pg/mL, IL-4: 0
pg/mL, IL-10: �1.4 mg/dL, IFN-�: �1.3 pg/mL, IL-7: �4 pg/mL, IL-12 p70: 0 pg/mL. B, Heat map comparing normal (nonin-
jured, nonburned children), controls at each time point �C (0–1 day postburn), C (2–7 days postburn), C (8–10 days post-
burn), C (11–16 days postburn), C (17–22 days postburn), C (23–28 days postburn), and C (29–40 days postburn)�, and nor-
mal and oxandrolone at each time point �O (0–1 day postburn), O (2–7 days postburn), O (8–10 days postburn), O (11–16
days postburn), O (17–22 days postburn), O (23–28 days postburn), and O (29–40 days postburn)� serum cytokine protein
expression profiles. Values are log10 (average cytokine concentration, pg/mL); the color range for each cytokine is based on
the detected values with blue indicating lower levels, yellow indicating highest levels, and black in the middle. Gray squares
indicate that no expression was detected.

TABLE 3. Cardiac Function in Control Patients
and Patients Who Received Oxandrolone at Admit
and Discharge

Controls
(n � 190)

Oxandrolone
(n � 45)

Admit D/C Admit D/C

CO 5.6 � 0.2 25.2 � 0.3 4.9 � 0.5 5.1 � 0.5

% pred CO 162 � 6 147 � 7 150 � 12 146 � 6

CI 6.1 � 0.3 5.7 � 0.2 5.6 � 0.5 5.6 � 0.4

SV 37.5 � 1.9 38.4 � 2.1 33.6 � 3.9 40.5 � 4.1

% pred SV 98 � 4.6 96 � 5 91 � 9 102 � 9

HR 153 � 2 137 � 3 155 � 4 130 � 5

% pred HR 173 � 4 157 � 3 172 � 6 149 � 7

Data presented as means � SEM or percentages.
% pred CO indicates percent predicted cardiac output; % pred SV, percent predicted

stroke volume; % pred HR, percent predicted heart rate.
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FIGURE 6. Muscle strength was tested before the beginning
of the rehabilitation-exercise program. Burn injury caused
significant decrease in muscle strength (peak torque from
normal, nonburned children: 95 � 5 N m).46 oxandrolone
almost doubled muscle strength and significantly increased
peak torque compared with controls. *Significant difference
between controls versus oxandrolone, P � 0.05.
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An unexpected finding in our study was that oxan-
drolone significantly increased testosterone levels. Our orig-
inal hypothesis was that oxandrolone would decrease or have
no effect on endogenous testosterone levels as previously
published.53–55 However, we found that oxandrolone admin-
istration significantly increased testosterone levels at several
time points postburn. Similar data were found by Malhotra
and colleagues56 in growth delayed boys. The authors sug-
gested that oxandrolone has an androgenic action and effect
thus stimulating serum LH and testosterone.56 The exact
mechanisms by which oxandrolone increases endogenous
androgenic hormone production are unknown. In light of the
greater percentage of boys in the oxandrolone treatment
group, we asked the question whether it is possible that
gender predominance influenced the results by virtue of a
greater androgenic effect in males than in females. In a
subgroup analysis, we examined whether oxandrolone had a
greater effect on males versus females for body composition,
serum proteins and cytokines, and hormones. We also looked
at sex differences in terms of strength. We found, as previ-
ously described, that males are different from females, but
there was no significant gender effect of oxandrolone for the
parameters measured.

In summary, this study is the first of its kind to inves-
tigate this anabolic agent during the acute phase postburn in
a large single-center randomized double-blinded study. We
showed that oxandrolone ameliorated catabolic responses that
occur immediately after burn. Oxandrolone shortened the
length of hospital stay, which was associated with a decreased
time interval between operations, indicating improved wound
healing. Although oxandrolone increased hepatic enzymes it did
not have any adverse effects on the hypermetabolic, inflamma-
tory, or endocrinologic responses postburn.
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Discussions
DR. BASIL A. PRUITT, JR. (SAN ANTONIO, TEXAS): It

should be noted that 33 years ago at the meeting of this
Association, Dr. Douglas Wilmore and his associates identi-
fied the catecholamines as the mediators of post-injury hy-
permetabolism. Only 4 years later, Dr. Herndon, the senior
author of today’s paper, presented his first paper on the
metabolic effects of injury at the Surgical Forum. In the
intervening years Dr. Herndon’s group has compiled an
impressive volume of work that has defined metabolic sup-
port regimens that have reduced mortality and enhanced
outcomes of severely injured burn patients. Today’s paper is
a worthy addition to that aggregate opus.

There are several questions, the answers to which will
help us interpret your findings and evaluate your conclusions.

In other studies you have identified a gender-specific
difference in response to burn injury that favors girls. Con-
sequently, is it possible that the 11% greater number of boys
in the treatment group affected the results since one would
anticipate that the androgenic effect might be greater?

You note that parenteral nutrition was preferred but
parenteral nutrients were given when needed to meet nutri-
tional goals. Were there more patients in the control group
who required parenteral nutrients? If there were, do the
differences in weight change reflect, at least in part, differ-
ences in calorie and protein intake?

How comparable were fluid intake and output in the 2
groups? Is it possible that the increased body weight in the
treatment group merely represents water retention?

Do the effects of oxandrolone persist after treatment
ceases, or is long-term androgenic hormone therapy required
throughout the up-to-2-year period that you have identified as
the duration of post-injury hypermetabolism? Finally, is the
treatment effect of your hormonal therapy proportional to
metabolic rate, ie, can we realize the biggest bang for our
androgenic buck in those patients who will experience the
greatest benefit?

DR. MARC G. JESCHKE (GALVESTON, TEXAS): In re-
sponse to gender specific effects of oxandrolone, we did
look at males and females in our patient population. We
looked at body composition using DEXA and at muscle
protein synthesis by stable isotope studies, which are not
presented here. There was no difference between the 2
genders in terms of oxandrolone treatment. There is a
study by Malhotra et al showing that oxandrolone has an
androgenic effect especially when testosterone levels are
low. Oxandrolone also stimulates female hormones; there-
fore, oxandrolone has beneficial effects in males and
females, and we suggest that this is the reason why we
could not find any difference.

In terms of nutrition, we looked at nutritional intake.
Both groups were similar in their percent intake and also
their required intake, so there was no difference in the
nutrition, the route, or the amount of calories administered.

Regarding the fluid water retention, meaning more fluid
on board rather than muscle mass. We did a study presented
at the American Burn Association 2 years ago (Cochran et al)
where we compared dual x-ray absorptometry with K count.
The aim of the study was to correlate DEXA with K count
and therefore to differentiate whether water retention is de-
tected by DEXA, or is DEXA specific to determining muscle
mass. We found that DEXA correlates very well with the K
count, indicating muscle rather then water or fluid retention.
We also looked at fluid resuscitation and the amount of fluids
in the first 48 hours and there was no difference between the
groups.
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In answer to your question concerning whether the
effects of oxandrolone persist after treatment, what was
shown 2 years ago at the American Surgical Association
meeting was that when you give oxandrolone for 12 months
and then you stop it, the effects diminish and there is a
rebound phenomenon in the control patients. There is a
beneficial treatment effect of oxandrolone; however, as you
pointed out, it ceases more or less when you stop treatment.
So, it will be beneficial to continue treatment.

And lastly, when you asked whether the treatment
efficacy is proportional to testosterone levels; you are abso-
lutely right. The Malhotra study also delineated that the lower
the testosterone levels, the more beneficial the oxandrolone
treatment. Therefore, an interesting approach is to identify
patients who have very low testosterone levels and give
oxandrolone to these patients to achieve a therapeutic benefit.

DR. RONALD V. MAIER (SEATTLE, WASHINGTON): We
have also used oxandrolone for critically ill trauma patients in
an attempt to create anabolic conditions to enhance recovery.
And, while it undoubtedly has a positive effect on muscle
strength recovery and on wound healing, one of the detri-
ments we noted with patients with multiple organ failure,
particularly lung failure where you do not want to have an
excessive anabolic effect, was actually a prolongation of
ARDS. This prolongation was presumably caused by increas-
ing the fibrotic process in the long-standing ARDS. I wonder
if you have had any observations or concerns regarding
conditions where you didn’t want to have excessive re-
sponses, such as hypertrophic scarring or excess collagen
depositions, or whether any of these patients had organ
failure where the anabolic effects were actually detrimental.

DR. MARC G. JESCHKE (GALVESTON, TEXAS): In terms
of the hypertrophic scar, we did a scar assessment. We did
this with blinded observers using the Vancouver Scar
Scale. What we found is that oxandrolone improves scar
maturation and scar development. We observed less hy-
pertrophic scarring, which was a long-term study, not an
acute study. These findings indicate that an early wound
closure as shown by our data diminishes or decreases
proliferation activity of myofibroblasts and inflammation
in the skin.

In terms of your question of multi-organ failure,
there was no difference in the patient population in the
incidence of multi-organ failure or sepsis. And in terms of
lung fibrosis or ARDS, we looked at the ventilator data on
these patients and didn’t find any difference between the 2
groups.

DR. WILLIAM P. SCHECTER (SAN FRANCISCO, CALIFORNIA):
Do you think the evidence is now strong enough that oxan-
drolone should be given as a routine by protocol to all burn
patients? If so, at what point in the period after a burn should
this therapy be instituted?

DR. MARC G. JESCHKE (GALVESTON, TEXAS): Our group
suggests that oxandrolone should be one of the agents con-
sidered as a routine drug for severely burned children. As
presented here, oxandrolone has significant clinical benefits
during acute hospitalization. However, oxandrolone also has
some side effects that need to be considered. As we have
shown in this study liver enzymes should be measured fre-
quently.

To answer your question, what should the clinical
standard be in severely burned patients? Based on the present
and other studies, we suggest that standard therapy should
include 3 arms of treatment. Number 1: to achieve tight
euglycemic control using insulin administration. Number 2:
to add propranolol as an anticatabolic or antistress agent and
to reduce cardiac work. Lastly, we suggest adding an anabolic
agent, such as oxandrolone, for the benefits in muscle protein
synthesis. Oxandrolone should also be initiated very early
after burn, and then continued until the patient is no longer
hypermetabolic, which is a period of about 12 to 18 to 24
months. So these would be the strategies that we are suggest-
ing and also studying.

DR. MARK D. PESCOVITZ (INDIANAPOLIS, INDIANA): There
are never enough studies done in children. So, congratula-
tions and thank you for doing a study in children. I have 2
questions.

You said that there was a change in lean body mass
because you assumed that if it was not fat, it was lean body.
So the first question is, how did you exclude water as the
difference in weight?

And the more important question really gets at doing
studies in children. The age range, 8 to 18 or 8 to 17, would
have required assent, not consent, from the patients. Clearly,
you must have asked for a waiver of assent during the acute
period when the patient arrived. How did you handle the
continued trial? You had a tremendous number of patients.
How were you able to get in the number of patients? And how
were you able to maintain them once you were able to get
assent from them?

DR. MARC G. JESCHKE (GALVESTON, TEXAS): In regards
to your question: is it water rather than protein that caused the
increase in body mass? We believe that the increase in body
weight and lean body mass is due to muscle and not water,
because usually by 5 days postburn we suggest that the effect
of resuscitation is not present anymore and we call it dry
weight. Therefore, long after the burn, water should not play
the definitive role anymore. As mentioned above, we corre-
lated the DEXA study to the K count study. We found that
DEXA correlates well with the K count implying that the
DEXA is very specific and reflects very well when you look
at lean body mass, that it is muscle rather than water. So, we
strongly suggest it is lean body mass that is increased.

In terms of consent, the standard at our hospital is
that when we get patients and they are enrolled in studies,
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we get consent from the parents or legal guardian imme-
diately. That is usually done immediately when the patient
comes to our hospital or within 24 hours. We re-consent
when our patients come back, 80 to 90% of all patients
have to come back for follow-up checkups and surgeries at
various time points, eg, 3, 6, 9, 12, 24, 36 months postburn.

We have a very close doctor-patient relationship, so we
maintain our patients for a long period of time, which
makes it possible for us to have these high patient num-
bers. In regards to your question about assent, when the
older patients are awake, alert, and oriented, we request
assent from the patient again.
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