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Background: This latest systematic review and meta-analysis aim to examine 
efficacy and safety of androgen analog oxandrolone in burn patients.

Methods: Relevant articles were retrieved from Pubmed, Embase, Cochrane, 
Web of science, International Clinical Trials Registry Platform, China National 
Knowledge Infrastructure, VIP Database for Chinese Technical Periodicals, 
Wanfang database and China Biology Medicine disc. The output measures were 
the weight loss in catabolic phase, weight gain in recovery phase, lean body mass 
in recovery phas, operation times, healing time of donor area, length of hospital 
stay/total body surface area burned (LOS/TBSA%), length of hospital stay (LOS), 
side effects, infection and mortality. Data were pooled and expressed as relative 
risk (RR) and standardized mean difference (SMD) with a 95% confidence interval 
(CI).

Results: 19 studies were included in this systematic review and meta-analysis, 
with 779 patients who received oxandrolone (treatment group) and 1,227 
patients who received standard care or placebo (control group). The pooled 
data from all included studies demonstrated that the treatment group has 
significantly reduced weight loss in catabolic phase (SMD = 1.86; 95% CI: −0.13–
3.84; p < 0.001, I2 = 95.0%), operation times (SMD = −0.69; 95% CI: −1.84–0.46, 
p < 0.001, I2 = 96.8%), LOS/TBSA% (SMD = −1.07; 95% CI: −2.43–0.29, p < 0.001, 
I2 = 98.1%), LOS (SMD = −0.55; 95% CI: −1.32–0.22, p < 0.001, I2 = 97.3%) and 
increased weight gain (SMD = 0.58; 95% CI: −1.21–2.38, p < 0.001, I2 = 95.1%), 
as well as lean body mass in recovery phase (SMD = 1.30; 95% CI: −0.47–3.24, 
p < 0.001, I2 = 95.0%). There were no significant differences in healing time of 
donor area (SMD = −1.48; 95% CI: −2.18–0.77, p = 0.116, I2 = 53.7%), side effects 
(RR = 1.13; 95% CI: 0.68–1.87, p = 0.174, I2 = 28.4%) and infection (RR = 0.83; 
95% CI: 0.67–1.02, p = 0.639, I2 = 0.0%) between the two groups, and it did not 
significantly reduce mortality (RR = 1.04, 95% CI: 0.47–2.32, p = 0.013).

Conclusion: Our meta-analysis showed that oxandrolone supplements are 
beneficial for burn patients as they significantly reduce the weight loss in 
catabolic phase, operation times, LOS/TBSA%, LOS, mortality and increase 
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weight gain and lean body mass in recovery phase. However, this intervention 
has minimal impact on healing time of donor area, side effects and infection.
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burn patients, androgen analog, oxandrolone, meta analysis, mortality

1 Background

Severe burns represent a major global health burden, with an 
estimated 18 million cases annually worldwide, leading to 265,000 
deaths and consuming substantial healthcare resources, particularly in 
low-income regions (1). Severe burns often lead to an upsurge in 
pro-inflammatory cytokines and stress hormones (2), resulting in a 
state of heightened metabolism. This metabolic state is characterized 
by increased protein catabolism and inadequate protein synthesis, 
leading to a negative nitrogen balance that impacts nutritional status 
and the wound healing process (3). Furthermore, it can compromise 
the body’s immunity and predispose individuals to infections (4). In 
burn patients, reduced levels of androgen are observed (5) due to 
varying degrees of degeneration and necrosis in Leydig cells following 
extensive burns (6). These changes manifest as decreased cytoplasmic 
lipid droplets, expansion of smooth endoplasmic reticulum, condensed 
mitochondria, and diminished Golgi complexes (7, 8). Testosterone 
concentration rapidly decreases in adult male burn patients post-injury, 
with more severe burns correlating with greater reductions of it (9).

Burns are a significant global health burden, affecting millions of 
individuals annually and resulting in substantial mortality and 
consumption of medical resources. Oxandrolone, a synthetic 
testosterone analog, exhibits promising potential for enhancing 
wound healing by promoting protein synthesis while attenuating 
protein catabolism (10, 11). Its administration has been associated 
with accelerated wound closure in trauma patients along with 
increased wound contractility and collagen deposition (12). 
Oxandrolone exerts its effects by binding to androgen receptors, 
thereby promoting protein synthesis and inhibiting protein 
breakdown. It also plays a role in regulating metabolism and immune 
function (11). Specifically, it can increase the synthesis of muscle 
proteins, reduce the degradation of muscle fibers, and modulate the 
immune response to reduce inflammation and promote wound 
healing (11, 12). Although some studies (13, 14) have demonstrated 
its efficacy, high-quality research on this topic remains limited without 
comprehensive evidence review or summary regarding its application 
specifically in burn cases thus far. Moreover, previous findings (15–17) 
indicate that high-dose oxandrolone usage may lead to abnormal liver 
enzymes and disruptions in lipid metabolism; however, clear evidence 
confirming any adverse effects of oxandrolone on burns is lacking at 
present necessitating further investigation into its safety 
profile. Therefore, this systematic review is aimed to assess the 
androgen analog oxandrolone in improving clinical outcomes in 
burn patients.

2 Methods

The research protocol, outcomes, and relevant items in this 
systematic review were reported in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 
Statement (18). The protocol for this meta-analysis has been registered 
with PROSPERO (https://www.crd.york.ac.uk/PROSPERO/view/
CRD42024564282, CRD42024564282).

2.1 Data source and search strategy

Relevant articles were searched in Pubmed, Embase, Cochrane, 
Web of science, International Clinical Trials Registry Platform, China 
National Knowledge Infrastructureris, VIP Database for Chinese 
Technical Periodicals, Wanfang database and China Biology Medicine 
disc using subject headings and keywords containing “Burns,” 
“Trauma,” “Wounds and Injuries,” “Wounds,” “Gonadal Hormones,” 
“Gonadal Steroid Hormones,” “Estradiol Congeners,” “Equilenin,” 
“Equilin,” “Estradiol,” “Estriol,” “Estrogenic Steroids, Alkylated,” 
“Estrogens, Catechol,” “Estrogens, Conjugated (USP),” “Estrogens, 
Esterified (USP),” “Estrone,” “Progesterone Congeners,” 
“Pregnenolone,” “Progesterone,” “Testosterone Congeners,” “Anabolic 
Androgenic Steroids,” “Androstane-3,17-diol,” “Androstenediol,” 
“Androstenedione,” “Androsterone,” “Dehydroepiandrosterone,” 
“Dihydrotestosterone,” “Etiocholanolone,” “Nandrolone” and 
“Testosterone.” For example, the PubMed search strategy included: 
“(((((Burns[Title/Abstract]) OR (Wounds and Injuries[Title/
Abstract])) OR (Wounds[Title/Abstract])) OR (Trauma[Title/
Abstract])) OR (diabetic foot[Title/Abstract])) AND ((((((((((((((((((
(((((((((Gonadal Hormones[Title/Abstract]) OR (Gonadal Steroid 
Hormones[Title/Abstract])) OR (Estradiol Congeners[Title/
Abstract])) OR (Equilenin[Title/Abstract])) OR (Equilin[Title/
Abstract])) OR (Estradiol[Title/Abstract])) OR (Estriol[Title/
Abstract])) OR (Estrogenic Steroids, Alkylated[Title/Abstract])) OR 
(Estrogens, Catechol[Title/Abstract])) OR (Estrogens, Conjugated 
(USP)) OR (Estrogens, Esterified (USP)) OR (Estrone[Title/
Abstract])) OR (Progesterone Congeners[Title/Abstract])) OR 
(Pregnenolone[Title/Abstract])) OR (Progesterone[Title/Abstract])) 
OR (Testosterone Congeners[Title/Abstract])) OR (Anabolic 
Androgenic Steroids[Title/Abstract])) OR (Androstane-3,17-
diol[Title/Abstract])) OR (Androstenediol[Title/Abstract])) OR 
(Androstenedione[Title/Abstract])) OR (Androsterone[Title/
Abstract])) OR (Dehydroepiandrosterone[Title/Abstract])) OR 
(Dihydrotestosterone[Title/Abstract])) OR (Etiocholanolone[Title/
Abstract])) OR (Nandrolone[Title/Abstract])) OR (Testosterone[Title/
Abstract])) OR (Gonadal Hormones[MeSH Terms])).” Similar 
strategies were adapted for other databases (e.g., Embase, Cochrane) 
using database-specific syntax and controlled vocabulary 
(Supplementary Table 1). In addition, the references of the included 
studies and relevant review articles were screened to identify eligible 

Abbreviations: RCT, Randomized controlled trials; LOS/TBSA%, Length of hospital 

stay/total body surface area burned; LOS, Length of hospital stay; ND, Nandrolone 

decanoate; ARDS, Acute respiratory distress syndrome; RR, Relative risk; SMD, 

Standardized mean difference; CI, Confidence interval.
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clinical trials that were not found through the database searches. The 
identified articles were imported, stored, and managed by EndNote 
20. Each search result was independently reviewed for eligibility by 
two authors (Ziyi Xiang, Jiaqi Lou), and any disagreement was 
resolved by the corresponding author (Shengyong Cui). The literature 
search for each database was conducted from inception to December 
2023. The search results were updated every 3 months during the 
study period to ensure the inclusion of the most recent studies.

2.2 Research question (PICOS framework)

This systematic review addressed the following question: (1) 
Population: Burn patients of all ages; (2) Intervention: Administration of 
androgen analogs (e.g., oxandrolone) alone or in combination with 
standard care; (3) Comparator: Placebo, standard care, or 
non-oxandrolone treatments; (4) Outcomes: Weight loss in the catabolic 
phase, weight gain in the recovery phase, lean body mass, operation 
times, healing time of donor area, length of hospital stay (LOS), LOS/
TBSA%, side effects, infection, and mortality; and (5) Study Design: 
Randomized controlled trials (RCTs) (Supplementary Table 2).

2.3 Eligibility criteria

Inclusion criteria: (1) Type of study: RCT; (2) Participants: Burn 
patients of all ages; (3) Intervention: Androgen analog, like 
oxandrolone, alone or in combination with other treatment compared 
with placebo or non- oxandrolone; and (4) Outcomes: The weight loss 
in catabolic phase, weight gain in recovery phase, lean body mass in 
recovery phas, operation times, healing time of donor area, length of 
hospital stay/total body surface area burned (LOS/TBSA%), length of 
hospital stay (LOS), side effects, infection and mortality.

Exclusion criteria: (1) Studies without clear inclusion and 
exclusion criteria; (2) Outcomes that had not been clearly stated; (3) 
Uncontrolled studies; and (4) Preclinical studies in animal models. If 
multiple articles reported the same or overlapping data, the article 
with the longer duration of the intervention or larger sample size was 
included in this study.

2.4 Data extraction and quality assessment

Two co-authors (Jiaqi Lou and Xiaoyu Zhu) independently 
conducted article selection through the initial screening of titles and 
abstracts, followed by a full-text review to assess eligibility and 
sufficiency of information. For every study adhering to the eligibility 
requirements, relevant data including study sources (author, 
publication year, and country), study population characteristics 
(sample size, study design, type of subjects, gender ratio, baseline 
mean age), treatment details (drug, dosage, duration of intervention), 
and outcomes (weight loss in catabolic phase, weight gain, lean body 
mass in recovery phase, number of operations, healing time of donor 
area, LOS/TBSA%, LOS, side effects, infection and mortality) were 
gathered using a standardized data extraction template (19). A pilot-
tested extraction template was used by two independent reviewers 
(Jiaqi Lou, Xiaoyu Zhu) to ensure accuracy. Discrepancies were 
resolved via consensus or third-author arbitration (Youfen Fan).

The methodological quality of the included randomized 
controlled trials was evaluated using the Cochrane Collaboration’s risk 
of bias tool, outlined in version 5.0.1 of the Cochrane Handbook for 
Systematic Reviews of Interventions (20). The risk of bias for each 
parameter was classified as either low, high, or unclear, conforming to 
the Cochrane Handbook’s criteria for Systematic Reviews (21). 
Independent authors, Jiaqi Lou and Shengyong Cui, performed data 
abstraction and quality appraisal. Any differences were resolved 
through discussion and, if consensus was not reached, a third 
researcher, Youfen Fan, provided an arbitrative judgment. Data 
synthesis was conducted using Review Manager (RevMan) 5.4.

2.5 Statistical analysis

Three co-authors (Jiaqi Lou, Jingyao Song, and Guoying Jin) 
concurrently extracted data from full-text studies using a shared 
worksheet. Information retrieved from the included studies 
encompassed: first author, year of publication, duration of treatment, 
study design, inclusion and exclusion criteria, intervention details, 
number of subjects, and outcomes. A third author, Jiliang Li, 
employed a standardized method for scrutinizing the data for validity. 
The methodological quality assessment, outlined in Table  1, 
conformed to the Cochrane Reviewers’ Handbook guidelines (20). 
Risk ratios (RR) and 95% confidence intervals (CIs) reported discrete 
numerical variables. Due to varying methods used to assess identical 
outcomes, standardized mean difference (SMD) was used as the 
summary statistic in this meta-analysis (22). The I2 statistic was 
utilized to quantify heterogeneity, and forest plots were jointly 
generated and double-checked by two authors (Jiaqi Lou and Neng 
Huang). When I2 statistics were below 50%, pooled outcomes were 
deemed as having low statistical heterogeneity, whereas figures above 
50% indicated high statistical heterogeneity. A fixed-effects model 
estimated each low heterogeneity analysis, while high heterogeneity 
results were assessed using a random-effects model (21). To analyze 
potential sources of heterogeneity, a leave-one-out sensitivity 
evaluation was conducted, sequentially omitting studies to identify 
the confounding randomized control trial(s). Publication bias was 
assessed using funnel plots, Egger’s regression test, and a sensitivity 
analysis, where p-values below 0.05 were deemed statistically 
significant (23). If there was a discrepancy in funnel plot asymmetry 
or the Egger’s regression test results, the “trim and fill” method was 
utilized to substitute missing studies and estimate the influence of 
publication bias on the observed pooled effect size (24). All statistical 
analyses were performed using StataSE 15.1. A p < 0.05 was 
considered statistically significant for all tests except for the 
heterogeneity test, in which case a p < 0.10 was used.

3 Results

3.1 Characteristics of included studies

As depicted by the PRISMA statement flowchart in Figure 1, the 
study selection process began with 8,590 records identified from the 
database search. Automated filtering eliminated 4,569 duplicates, 
leaving 4,021 records. Following the exclusion of 1,529 records not 
meeting the inclusion criteria and the manual removal of a further 
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TABLE 1 Summary of details in the randomized controlled trials (RCTs) studies included.

Study 
(author/
year)

Journal Country Patients Design Group Dosage and 
administration

Numbers of 
patients

Male 
(n)

Female 
(n)

Mean age 
(SD, Year)

%TBSA Outcomes

Demling 

1997 (25)

J Trauma America Patients with 

deep partial-

thickness burns 

(30 to 50% TBSA 

burned)

Single center, 

RCT

High protein, high calorie 

diet+high protein 

supplement (MET-

Rx) + Oxandrolone

10 mg oxandrolone, po, 

bid+High protein, high 

calorie diet+high protein 

supplement

7 NA NA 36 ± 9 47 ± 6 (1)(2)(4)(10)

High protein, high calorie 

diet+high protein 

supplement (MET-Rx)

High protein, high calorie 

diet+high protein 

supplement

8 NA NA 34 ± 8 45 ± 8

Demling 

2000 (26)

J Crit Care America Patients with 

burns (40 to 70% 

TBSA burned)

Single center, 

RCT

Oxandrolone Orally at a dose of 20 mg/

day in two divided doses 

of four 2.5 mg tablets, 

either through a feeding 

tube or by mouth

11 NA NA 49 ± 13 54 ± 9 (2)(4)(8)(10)

Placebo Given in the same 

fashion. The composition 

of the oxandrolone pill is 

2.5 mg of oxandrolone 

combined with 150 mg of 

lactulose monohydrate, 

corn starch, and methyl 

cellulose

9 NA NA 44 ± 6 49 ± 7

Demling 

2001-1 (1) 

(27)

Burns America Young patients 

with deep 

partial-thickness 

burns (30 to 55% 

TBSA burned) 

entering the 

injury recovery 

phase

Single center, 

RCT

Optimum nutrition and 

Exercise+Oxandrolone

Given 10 mg 

Oxandrolone orally twice 

a day for the next 4 weeks 

or until pre-burn weight 

had been 

restored+Optimum 

nutrition and Exercise

13 NA NA 34 ± 5 47 ± 10 (1)(2)(3)(4)(10)

Optimum nutrition and 

Exercise alone

Optimum nutrition and 

Exercise

12 NA NA

(Continued)
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TABLE 1 (Continued)

Study 
(author/
year)

Journal Country Patients Design Group Dosage and 
administration

Numbers of 
patients

Male 
(n)

Female 
(n)

Mean age 
(SD, Year)

%TBSA Outcomes

Demling 

2001-1 (2) 

(27)

Burns America Old patients with 

deep partial-

thickness burns 

(30 to 55% TBSA 

burned) entering 

the injury 

recovery phase

Single center, 

RCT

Optimum nutrition and 

Exercise+Oxandrolone

Given 10 mg 

Oxandrolone orally twice 

a day for the next 4 weeks 

or until pre-burn weight 

had been 

restored+Optimum 

nutrition and Exercise

8 NA NA 60 ± 5 36 ± 5 (1)(2)(3)(4)(10)

Optimum nutrition and 

Exercise alone

Optimum nutrition and 

Exercise

7 NA NA

Demling 

2001-2 (28)

Burns America > 50%TBSA, and 

> 25% TBSA 

burned needed 

skin grafting, or 

> 25%TBSA 

burned with 

concurrent 

factors (60 years 

of age or older, 

malnutrition or 

diabetes)

Single center, 

RCT

Testosterone analog 

(oxandrolone)

20 mg oxandrolone, po, 

qd

16 13 3 49 ± 15 56 ± 15 (2)(4)(8)(10)

0.1 mg/kg i.m. for HGH 24 16 8 40 ± 13 39 ± 12

Zhang 2002 

(29)

Guangxi Med J China Burn patients 

over the age of 

18 years and 

under the age of 

50 years with 

30–60% TBSA 

burned and 10% 

deep partial-

thickness burns”

Single center, 

RCT

Androgens (testosterone 

propionate) group

Application 3 days a 

week, qd, 25 mg, with 

4 weeks in a row

16 NA NA (8)(10)

Control Same dose of saline, im 16 NA NA

(Continued)
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TABLE 1 (Continued)

Study 
(author/
year)

Journal Country Patients Design Group Dosage and 
administration

Numbers of 
patients

Male 
(n)

Female 
(n)

Mean age 
(SD, Year)

%TBSA Outcomes

Demling 

2003 (30)

Burns America Burn patients 

transferred to 

rehabilitation 

center

Single center, 

RCT

Oxandrolone+Nutrition-

Exercise

20 mg oxandrolone, po, 

qd + Nutrition-exercise 

program

23 NA NA 43 ± 15 40 ± 14 (1)(2)(3)(10)

Nutrition-Exercise Nutrition-exercise 

program

22 41 ± 14 37 ± 15

Murphy 2004 

(31)

Surgery America Children with > 

40%TBSA 

burned and 

younger than 

18 years of age

Single center, 

RCT

Oxandrolone 0.1 mg/kg body weight 

oxandrolone was 

administered, po, bid

42 27 15 8.5 ± 5 54 ± 16 (4)

Placebo 0.1 mg/kg body weight 

placebo was 

administered, po, bid

42 29 13 8.2 ± 5 60 ± 15

Thomas 2004 

(32)

J Trauma America After entering 

burn 

rehabilitation 

wards, children 

with ≥ 40% 

TBSA

Single center, 

RCT

Oxandrolone Oxandrosterone (0.1 mg/

kg, po, bid) from the 5th 

day after burn to 1 year 

after burn

10 8 2 9 ± 1 62 ± 5 (4)(7)

Placebo Placebo (0.1 mg/kg, po, 

bid) from the 5th day 

after burn to 1 year after 

burn

11 9 2 7 ± 2 60 ± 4

Przkora 2005 

(33)

Ann Surg America Children with > 

40%TBSA 

burned and ≤ 

18 years of age

Single center, 

RCT

Oxandrolone 0.1 mg/kg oxandrolone 

(BTG Pharmaceuticals, 

Iselin, NJ), po, bid, for 

12 months after burn 

from the date of hospital 

discharge

30 20 10 9 ± 5 56 ± 16 (4)

Placebo 0.1 mg/kg placebo, po, 

bid, for 12 months after 

burn from the date of 

hospital discharge

31 20 11 9 ± 5 61 ± 16

(Continued)
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TABLE 1 (Continued)

Study 
(author/
year)

Journal Country Patients Design Group Dosage and 
administration

Numbers of 
patients

Male 
(n)

Female 
(n)

Mean age 
(SD, Year)

%TBSA Outcomes

Wolf 2006 

(34)

J Burn Care Res America Burn patients 

with 20 to 

60%TBSA

Multiple 

center, RCT

Oxandrolone Oxandrolone 10 mg, po, 

q12h

46 39 ± 2 35 ± 2 (4)(5)(7)(10)

Placebo Placebo 10 mg, po, q12h 35 40 ± 3 36 ± 2

Jeschke 2007 

(35)

Ann Surg America > 40% TBSA 

burned children 

under the age of 

eight, and need 

at least a surgical 

intervention

Single center, 

RCT

Standard burn 

care+Oxandrolone

Oxandrolone 0.1 mg/kg 

body weight was 

administered, po, 

q12h + Standard burn 

care

45 31 14 8 ± 0.7 58 ± 2 (5)(6)(9)(10)

Standard burn 

care+Placebo

Placebo 0.1 mg/kg body 

weight was administered, 

po, q12h + Standard burn 

care

190 112 78 7.7 ± 0.4 55 ± 2

Pham 2008 

(36)

J Burn Care Res America ≥20% TBSA 

burned without 

concomitant 

traumatic injury

Multiple 

center, RCT

Oxandrolone treated Within 7 days of 

admission for a duration 

of at least 7 days

59 46 13 42.3 ± 14.1 42.9 ± 16.9 (4)(6)(7)(9)(10)

. Oxandrolone non-treated Duration of less than 

7 days

58 44 14 42.9 ± 18.1 46.3 ± 20.3

Tuvdendorj 

2011 (37)

Surgery America age ≤18 years, at 

admission ≥40% 

TBSA burned

Single center, 

RCT

Oxandrolone 0.1 mg/kg, po, bid, for 

6 months after discharge

12 10 2 10.4 ± 1.4 53 ± 2 (3)(9)

Control placebo, for 6 months 

after discharge

10 4 6 7.4 ± 1.2 58 ± 5

(Continued)
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TABLE 1 (Continued)

Study 
(author/
year)

Journal Country Patients Design Group Dosage and 
administration

Numbers of 
patients

Male 
(n)

Female 
(n)

Mean age 
(SD, Year)

%TBSA Outcomes

Porro 2012 

(38)

J Am Coll Surg America Patients aged 

0–18 years with 

>30% TBSA 

burned and 

requiring at least 

one surgical 

intervention

Single center, 

RCT

Oxandrolone Started within 48 h of the 

first surgery and 

administered 

Oxandrolone orally at a 

dose of 0.1 mg/kg, bid, 

for one year

70 45 25 8 ± 5 54 ± 15 (6)(7)(9)(10)

Control Started within 48 h of the 

first surgery and 

administered placebo 

orally at a dose of 0.1 mg/

kg, bid, for one year

152 99 53 8 ± 5 57 ± 15

Herndon 

2016 (1) (39)

Ann Surg America Age ranged from 

0.5 to 18 years 

with ≥30% TBSA 

burned

Single center, 

RCT

Oxandrolone 0.1 mg/kg body weight 

was administered, po, 

q12h, at least for 1 year

67 43 24 6 ± 0.5 54 ± 2 (4)(6)(10)

Control NA 248 146 102 6 ± 0.2 52 ± 1

Herndon 

2016 (2) (39)

Ann Surg America Age ranged from 

0.5 to 18 years 

with ≥30% TBSA 

burned

Single center, 

RCT

Oxandrolone+Propranolol 4.0 ± 0.2 mg/kg/day, at 

least for 1 week, the dose 

was set to reduce the 

heart rate by 15%

103 72 31 5 ± 0.4 51 ± 1 (4)(6)(10)

Control NA 248 146 102 6 ± 0.2 52 ± 1

Reeves 2016 

(40)

Shock America Age ≤ 18 years 

with ≥30% TBSA 

burned

Single center, 

RCT

Long-Term Oxandrolone 0.1 mg/kg oxandrolone, 

po, bid, for 2 years

35 27 8 8.58 ± 0.96 50.57 ± 2.68 (4)(6)(7)(9)

Control Placebo, po, bid, for 

2 years

84 55 29 7.17 ± 0.56 56 ± 1.35

(Continued)
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TABLE 1 (Continued)

Study 
(author/
year)

Journal Country Patients Design Group Dosage and 
administration

Numbers of 
patients

Male 
(n)

Female 
(n)

Mean age 
(SD, Year)

%TBSA Outcomes

Chao 2018 

(41)

Med Sci Sports Exerc America Children aged 7 

to 17 years with 

burns

Single center, 

RCT

Rehabilitative Exercise 

Training 

(RET) + Oxandrolone+ 

Propranolol (Oxprop)

Oxandrolone was 

administered at 0.1 mg/

kg (BTG 

Pharmaceuticals, Iselin, 

NJ), bid, during the 

patients entire stay in 

hospital and throughout 

the exercise training 

program. Propranolol 

was administered at a 

dose of 0.33 mg/kg of 

body weight every 4 h 

(1.98 mg/kg)

20 16 4 (1)(3)

RET with a Placeb NA 22 16 6

Herndon 

2018 (42)

Ann Surg America Children 

between 

6 months and 

18 years of age 

with burns over 

30% TBSA and 

requiring skin 

grafting

Single center, 

RCT

OxProp Oxandrolone (BTG 

Pharmaceuticals, West 

Conshohocken, PA) was 

administered at a dose of 

0.1 mg/kg every 12 h for 

a minimum of 1 year; 

propranolol (Roxane 

Laboratories, Columbus, 

OH) was administered at 

a dose of 4.0 ± 0.2 mg/kg/

day for a minimum of 

1 year

126 91 35 7.4 ± 0.5 50 ± 1 (10)

Control NA 226 142 84 7.1 ± 0.4 52 ± 1

Ali 2022 (43) Burns Egypt Burn patients 

receiving 

treatment in the 

burn unit

Single center, 

RCT

Nandrolone decanoate 

(ND) + Escharectomy and 

skin grafting

Nandrolone decanoate 

injection in dose of 

0.5 mg/kg/3 weeks, deep 

IM repeated till recovery

20 20 0 20–40岁 2–40%TBSA (2)(4)(5)

Escharectomy and skin 

grafting

Not received nandrolone 

decanoate injection

20 20 0

Serial number definition:(1) Weight loss in catabolic phase; (2) Weight gain in recovery phase; (3) Lean body mass in recovery phase; (4) Side effects (mild liver dysfunction or local tissue edema); (5) Infection; (6) Mortality; (7) Operation times; (8) Healing time of 
donor area; (9) LOS/TBSA (d/TBSA); (10) LOS. The age data conforming to the normal distribution is expressed as M ± SD. NA: Not available; TBSA: Total body surface area; LOS: Length of stay; RCT: Randomized controlled trial; OxProp: Oxandrolone+Propranolol; 
qd: Quaque die; bid: Bis in die; im: Intramuscular Injection; po: peros.
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1,184 duplicates, 124 records remained for review. Detailed scrutiny 
of these full articles resulted in 19 studies (25–43) meeting our 
inclusion criteria, thus qualifying for inclusion in this systematic 
review and meta-analysis. Table 1 presents the summarized attributes 
of these studies. The collective total of 2006 patients were classified 
into two groups: the androgen analog group (n = 779) and the control 
group (n = 1,227).

5 trials were explicit double-blinded except for the studies 
conducted by reference [25–29]. 2 studies were multi-center studies 
(34, 36), the others were single-center studies. These trials were 
published between 1997 and 2022, with sample sizes in individual 
trials ranging from 15 to 418. All trials were published in English 
except one (29) in Chinese. All trials were completed in the 
United States, except for the study by Zhang et al. (29), which was 
conducted in China, and the study by Ali et  al. (43), which was 
conducted in Egypt.

The youngest participants were infants at gestational age of 
6 months (29), and the vast majority were children participants (31–
42). Interventions in the included trials consisted of different dosages 
of oxandrolone. All oxandrolone was administered orally in all trials, 

and the daily dose of oxandrolone in most trials was 10 or 20 mg, or 
calculated at 0.1 mg/kg. The androgen analog used in Ali et al.’s (43) 
trial was Nandrolone decanoate (ND), which was treated through 
injection at a dose of 0.5 mg/kg/3 weeks, combined with 
electrochemistry and skin grafting. The drug used by Zhang et al. (29) 
is testosterone propionate. In addition, in four studies (39–42), the 
experimental group received treatment with oxandrolone combined 
with propranolol. Chao et al. (41) and Demling et al. (30) combined 
physical exercise therapy on the basis of oxandrolone. The trial time 
of Pham et  al. (36) was relatively shortest, with the minimum 
medication time for participants being only 1 week, while Reeves et al. 
(40) conducted the longest trial time, up to 2 years.

3.2 Risk of bias and quality assessment of 
individual studies

The Cochrane Collaboration’s risk of bias tool was employed to 
evaluate 19 studies. Figure 2 presents the risk of bias in the included 
trials across different quality domains of the risk of bias tool. Notably, 

FIGURE 1

PRISMA diagram detailing the literature search and the study selection/exclusion process. PRISMA, preferred reporting items for systematic reviews and 
meta-analyses; RCT, randomized controlled trials.
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five trials (25, 27, 33, 40, 43) did not adhere to allocation 
considerations, engendering high risk. Conversely, eight trials (26, 29, 
31–34, 36, 39) displayed a clear double-blind design, while the 
remaining studies exhibited either low or unclear risks regarding the 
blinding of participants and key study personnel. Additionally, all the 
randomized controlled trials demonstrated a low or unclear risk of 
bias concerning incomplete outcome data and selective 
outcome reporting.

3.3 Meta-analysis findings

3.3.1 Weight loss in catabolic phase
5 studies reported data on the weight loss in catabolic phase. 

Quantitative pooling of data revealed a significantly lower weight loss 
in catabolic phase in burn patients receiving oxandrolone compared 
with controls (SMD = 1.86; 95% CI: −0.13–3.84; p < 0.001, I2 = 95.0%) 
(Figure 3A). Publication bias was assessed using funnel plots, which 

appeared relatively asymmetrical, indicating significant publication 
bias (Figure  3B). Publication bias was assessed using the Egger’s 
regression test, which showed no possibility of statistically significant 
publication bias (p > 0.05) (Supplementary Figure  1A). We  also 
performed publication bias assessment using funnel plots, which have 
slight asymmetrical distributions, indicating publication bias. 
Subsequently, trim-and-fill method was selected for adjustment, and 
the funnel plot and statistical results did not change, suggesting that 
our results was robust (Supplementary Figure  1B). In the leave-
one-out sensitivity analysis, the removal of individual study did not 
lead to a significant change in the OR values (Supplementary Figure 1C).

3.3.2 Weight gain in recovery phase
Complete data on diarrhea were available in 6 studies. Pooled data 

from these trials demonstrated that there was no significant difference in 
the weight gain in recovery phase between the treatment and control 
groups (SMD = 0.58; 95% CI: −1.21–2.38, p < 0.001, I2 = 95.1%) 
(Figure 4A). The funnel plot showed no evidence of publication bias 

FIGURE 2

Risk of bias charts. (A) Risk of bias in the included studies; (B) Risk of bias summary for all included studies.
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(Figure 4B), Egger’s regression test’ and trim-and-fill method’ results 
were not statistically different (p < 0.001) (Supplementary Figures 2A,B). 
Sensitivity analysis showed no significant change in the result after 
excluding each study (Supplementary Figure 2C).

3.3.3 Lean body mass in recovery phase
The lean body mass in recovery phase was not significantly 

different between the treatment and control groups in four trials 

(SMD = 1.30; 95% CI: −0.47–3.24, p < 0.001, I2 = 95.0%) (Figure 5A), 
The funnel plot (Figure 5B) and Egger’s test (Supplementary Figure 3A) 
showed no publication bias in these analyses (p for Egger’s test was 
0.861). The corrected OR using the trim-and-fill method was 33.38% 
(95% CI, 24.20–35.15; random-effects model, p < 0.001) 
(Supplementary Figure 3B). There was no significant change in the 
pooled 95% CI upon removal of each study (Supplementary  
Figure 3C).

FIGURE 4

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the weight gain in 
recovery phase in burns. (A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall weighted estimate. (B) Funnel plot. 
The effect size “SMD” is shown on the abscissa, and the inverse of the standard error of the value of the effect size, SE (SMD), is shown on the ordinate. 
The dots in the figure are the individual studies included.

FIGURE 5

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the lean body mass in 
recovery phas in burns. (A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall weighted estimate. (B) Funnel plot. 
The effect size “SMD” is shown on the abscissa, and the inverse of the standard error of the value of the effect size, SE (SMD), is shown on the ordinate. 
The dots in the figure are the individual studies included.

FIGURE 3

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the weight loss in 
catabolic phase in burns. (A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall weighted estimate. (B) Funnel plot. 
The effect size “SMD” is shown on the abscissa, and the inverse of the standard error of the value of the effect size, SE (SMD), is shown on the ordinate. 
The dots in the figure are the individual studies included.
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3.3.4 Operation times
Meta-analysis of 5 trials showed that the operation times was 

significantly decreased in the treatment group than in the control 
group (SMD = −0.69; 95% CI: −1.84–0.46, p < 0.001, I2 = 96.8%) 
(Figure 6A). The I2 statistic indicated a high heterogeneity among the 
studies. However, funnel plot (Figure 6B) symmetry and the lack of 
significant difference in the Egger’s regression test (p = 0.483) 
(Supplementary Figure 4A) indicated that there was no detectable 
publication bias (Supplementary Figure 10). Through the results of the 
trim and fill analysis, it was identified that there was no distinct 
variation in the estimated value of the pooled effect size, indicating 
that the impact of publication bias was not evident and the outcomes 
were quite robust (Supplementary Figure 4B). A sensitivity analysis 
was conducted, revealing no impactful outliers (Supplementary  
Figure 4C).

3.3.5 Healing time of donor area
Data of healing time of donor area was reported in 3 studies. 

There was no significant difference in healing time of donor area 
between the treatment and control groups (SMD = −1.48; 95% CI: 
−2.18–0.77, p = 0.116, I2 = 53.7%) (Figure  7A). There was no 
significant publication bias in the selected studies, as indicated by 
funnel plot symmetry and the lack of significant difference in the 
Egger’s regression test (p = 0.472) (Figure  7A; Supplementary  
Figure 5A). Trim-and-fill method did not add any new studies to 
correct possible asymmetry in the funnel plot, and the estimates did 

not change (Supplementary Figure 5A). Sensitive analysis showed that 
no single study qualitatively altered the pooled healing time of donor 
area, providing evidence for the stability of the meta-analysis 
(Supplementary Figure 5C).

3.3.6 Length of hospital stay/total body surface 
area burned

Length of hospital stay/total body surface area burned (LOS/
TBSA%) was significantly different between the treatment and control 
groups (SMD = −1.07; 95% CI: −2.43–0.29, p < 0.001, I2 = 98.1%) 
(Figure 8A). The funnel plot was partially symmetrical (Figure 8B), 
and Egger’s regression for funnel plot asymmetry revealed no risk of 
publication bias (p = 0.318) (Supplementary Figure 6A). Subsequently, 
we performed a trim and fill analysis, which not added any study, 
suggesting no existence of overlooked small study (Supplementary  
Figure 6B). Sensitivity analysis revealed no substantial change in LOS/
TBSA% after omitting each of the 5 studies, confirming the stability 
of the results (Supplementary Figure 6C).

3.3.7 Length of hospital stay
Thirteen studies that reported the length of hospital stay (LOS) in 

the oxandrolone and control groups were included. Based on the 
random effects model, the oxandrolone treatment groups showed a 
significant reduction in LOS compared to the control groups 
(SMD = −0.55; 95% CI: −1.32–0.22, p < 0.001, I2 = 97.3%) 
(Figure  9A). Publication bias was checked using a funnel plot 

FIGURE 6

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the operation times in 
burns. (A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall weighted estimate. (B) Funnel plot. The effect size 
“SMD” is shown on the abscissa, and the inverse of the standard error of the value of the effect size, SE (SMD), is shown on the ordinate. The dots in the 
figure are the individual studies included.

FIGURE 7

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the healing time of 
donor area in burns. (A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall weighted estimate. (B) Funnel plot. The 
effect size “SMD” is shown on the abscissa, and the inverse of the standard error of the value of the effect size, SE (SMD), is shown on the ordinate. The 
dots in the figure are the individual studies included.
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(Figure 9B), which was objectively verified using Egger’s regression 
test (p = 0.425) to confirm that there was no publication bias 
(Supplementary Figure 7A). The funnel plot appeared symmetric after 
trim-and-fill analysis of the linear estimator imputed 
(Supplementary Figure 7B). Sensitivity analysis revealed that the risk 
was not significantly altered by any of the individual studies 
(Supplementary Figure 7C).

3.3.8 Side effects
There was no difference in side effects among the oxandrolone 

and control groups (RR = 1.13; 95% CI: 0.68–1.87, p = 0.174, 
I2 = 28.4%) (Figure  10A). Visual inspection of the funnel plot 
(Figure  10B) and further evaluation by Egger’s test 
(Supplementary Figure 8A) indicated no publication bias (p = 0.371). 
The trim-and-fill analysis (Supplementary Figure 8B) revealed a tiny 
pre- and post-combined effect size change, thereby indicating a small 
publication bias and more stable results. The sensitivity analysis results 
indicated that the meta-analysis results for side effects did not alter 
when each study was removed in turn and that the findings were 
robust (Supplementary Figure 8C).

3.3.9 Infection
3 studies revealed no significant difference in infectious 

complications between the oxandrolone and control groups 
(RR = 0.83; 95% CI: 0.67–1.02, p = 0.639, I2 = 0.0%) (Figure 11A). A 
funnel plot (Figure 11B) showed that effect sizes were symmetrically 

distributed around the central dotted line. The results of Egger’s 
regression test and the trim and fill method indicated no publication 
bias (Supplementary Figures  9A,B). The leave-one-out sensitivity 
analysis showed that no single study significantly affected the pooled 
correlation from the meta-analysis, which indicated the reliability of 
the findings (Supplementary Figure 9C).

3.3.10 Mortality
Forest plot analysis showed no significant mortality reduction 

with oxandrolone (RR = 1.04; 95% CI: 0.47–2.32, p  = 0.013, 
I2  = 65.5%). The CI crosses the null line (RR = 1), indicating no 
statistically significant effect, despite the nominal p-value (Figure 12A). 
Publication bias was suspected by observing the funnel plot 
(Figure 12B). The result from Egger’s regression test suggested that 
there were no publication bias (p = 0.628) (Supplementary Figure 10A). 
Then, we performed the trim-and-fill correction procedure, and the 
meta-analysis results did not alter. The findings were robust 
(Supplementary Figure 10B). The pooled results of sensitivity analysis 
were robust after omitting any of the studies once a time 
(Supplementary Figure 10C).

4 Discussion

This study presents a comprehensive systematic review and meta-
analysis exploring the efficacy and safety of oxandrolone, 

FIGURE 8

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the length of hospital 
stay/total body surface area burned (LOS/TBSA%) in burns. (A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall 
weighted estimate. (B) Funnel plot. The effect size “SMD” is shown on the abscissa, and the inverse of the standard error of the value of the effect size, 
SE (SMD), is shown on the ordinate. The dots in the figure are the individual studies included.

FIGURE 9

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the length of hospital 
stay (LOS) in burns. (A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall weighted estimate. (B) Funnel plot. The 
effect size “SMD” is shown on the abscissa, and the inverse of the standard error of the value of the effect size, SE (SMD), is shown on the ordinate. The 
dots in the figure are the individual studies included.
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representative of androgen analogs in burn treatment. This summary 
analysis suggests that oxandrolone can effectively mitigate weight loss 
during the catalytic phase, augment weight gain and lean body mass 
during the recovery phase, and lessen the number of surgeries and the 
length of hospital stays. Moreover, the incidence of patient infections 
or side effects, such as mild liver dysfunction and local tissue edema, 
parallels that of conventional treatments, indicating the clinical safety 
of oxandrolone.

Previous research (44) suggests that oxandrolone administration 
may reduce body mass loss, decrease nitrogen excretion, and expedite 
healing at donor sites in burn patients; however, these results were 
hampered by the limited number of included studies, significant 
publication bias, and inadequate research addressing pediatric 
patients. Li et  al.’s meta-analysis (45), although focused solely on 
severely burned patients, included fewer participants than our study. 
Interestingly, despite their findings showing no significant reduction 
in mortality rate among burn patients receiving oxandrolone relative 
to the control group, our study suggests that oxandrolone does not 
affect the mortality during hospitalization. The significant p-value 
likely reflects heterogeneity (I2  = 65.5%) rather than true efficacy, 

necessitating re-evaluation of our initial conclusion. When comparing 
LOS reduction (SMD = −0.55) with Demling et  al. (30) 
(SMD = −1.07), differences may stem from variations in patient age 
(adults vs. children) and oxandrolone dosing (20 mg/day vs. 0.1 mg/
kg). In addition, safety concerns persist: Oxandrolone elevates hepatic 
transaminases via direct hepatotoxicity and disrupts lipid metabolism 
by reducing HDL-C. Long-term data (>5 years) on endocrine 
dysfunction (e.g., HPA axis suppression) remain scarce, warranting 
vigilance (15, 16).

Thermal injury can instigate complex alterations in metabolism and 
the immune system, including an often overlooked aspect: severe 
thermal injury’s significant impact on testicular function, thereby 
impairing spermatogenesis and testosterone secretion (46). Although no 
single drug can rectify the multiple defects in the endocrine and immune 
systems caused by severe burns (47), recent data suggest certain 
medications such as testosterone, oxandrolone, human recombinant 
growth hormone, insulin, metformin, and propranolol can enhance the 
nutritional status of severe burn patients. This includes factors like the 
net balance of skeletal muscle protein (48), providing effective assistance 
for treating burn patients in the hypermetabolic phase. Our study, 

FIGURE 10

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the side effects in 
burns. (A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall weighted estimate. (B) Funnel plot. The effect size 
“RR” is shown on the abscissa, and the inverse of the standard error of the value of the effect size, SE (SMD), is shown on the ordinate. The dots in the 
figure are the individual studies included.

FIGURE 11

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the infection in burns. 
(A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall weighted estimate. (B) Funnel plot. The effect size “RR” is 
shown on the abscissa, and the inverse of the standard error of the value of the effect size, SE (SMD), is shown on the ordinate. The dots in the figure 
are the individual studies included.
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among others, has focused on both the acute hypermetabolic phase of 
burn injury and the subsequent recovery phase, despite the absence of a 
clear demarcation between these periods. As one therapeutic strategy to 
mitigate the hypermetabolic response and associated insulin resistance 
post-burn, the ability of oxandrolone to increase the body’s protein 
synthesis may be linked to the upregulation of genes associated with 
transcription factors, growth factors, and muscle proteins, in addition to 
the downregulation of phosphatase I inhibitor (49). A previous DNA 
microarray analysis with oxandrolone revealed modifications in a large 
number of genes, significantly reducing the expression of various 
transcription factors and signaling molecules (50). This finding suggests 
that oxandrolone might also attenuate burn-related inflammation. 
However, opposing conclusions exist, with a placebo-controlled, 
randomized trial finding no beneficial impact of oxandrolone on the 
healing or closure of target pressure ulcers 8 weeks post-treatment (51). 
Another clinical trial of surgical patients requiring mechanical 
ventilation found those treated with oxandrolone necessitated a longer 
duration of ventilation support. This finding accentuates the potential 
exacerbating impact of oxandrolone on collagen deposition and fibrosis 
in later stages of acute respiratory distress syndrome (ARDS), thus 
prolonging the recovery phase for surgical patients (46). As severe burn 
patients often present complications like respiratory tract injuries or 
severe infections requiring mechanical ventilation, determining whether 
the net benefits of oxandrolone outweigh its potential respiratory harm 
merits further investigation.

Our study also observed oxandrolone in into the trial are almost 
as part of a complementary medicine. In the study by Demling et al. 
(25–28), oxandrolone was combined with high protein, high calorie 
diet, high protein supplement and/or exercise therapy, Herndon et al. 
(39) the study was applied in the intervention group oxandrolone joint 
propranolol treatment, and research such as Chao (41) has combined 
the advantages of the test in the test group, provides patients with a 
high protein diet plus exercise + oxandrolone joint naphthalene, 
comprehensive intervention measures. The other included studies also 
provided basic burn care protocols for patients, Most of these solutions 
is a surgical wound repair and care, is given priority to with enteral 
and parenteral nutrition therapy of nutritional support scheme, 
physical exercise therapy of comprehensive strategy (47), combined 
with some drug metabolism after more beneficial to the optimization 
of muscle mass burn patients, And help them to better restore physical 
function (48). In addition, there are differences in the dose of 

oxandrolone administered, and almost always in tablet form (49). In 
the future, more attention should be paid to the best dosage form of 
androgen analog in drug research and development to meet the 
universality and personalization of androgen analog in 
clinical practice.

This study offers a comprehensive review and analysis of high-
quality RCTs, establishing the potential for oxandrolone to improve 
certain clinical outcomes in patients with burns, while manifesting a 
moderate safety profile. Nonetheless, the interpretations of the findings 
should be handled with caution due to the limitations, which include 
a small sample size, discrepancies in the data extracted, and variance 
in oxandrolone intervention modalities and doses (50). Future research 
should deliberate on the microscopic mechanisms underlying the 
effects of oxandrolone (or drugs with a similar structure) on 
metabolism and immune function in patients with burns at specific 
post-injury periods. Such research would provide insights on whether 
the promising effects observed extend to substantial clinical benefits, 
as well as elucidating the specific pharmacokinetics of oxandrolone in 
burn patients, aiding in determining the optimal administration 
method. Ultimately, the results from this study posit oxandrolone as a 
potentially valuable addition to existing burn treatments. Nonetheless, 
applicability to demographics with diverse burn conditions warrants 
further exploration.

5 Conclusion

Androgen analog oxandrolone supplementation plays a beneficial 
role in burn patients and presents a novel approach to the management 
of burns. This systematic review and meta-analysis supports the 
potential role of oxandrolone in reducing the weight loss in catabolic 
phase and operation times, as well as the LOS/TBSA%, LOS, and it 
also can increase weight gain in recovery phase and lean body mass in 
recovery phase in burn patients.
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FIGURE 12

Forest plot and funnel plot of the meta-analysis illustrating the overall weighted effect size of androgen analog versus control on the mortality in burns. 
(A) Forest plot. The diamond symbol at the bottom of the forest plot represents the overall weighted estimate. (B) Funnel plot. The effect size “RR” is 
shown on the abscissa, and the inverse of the standard error of the value of the effect size, SE (SMD), is shown on the ordinate. The dots in the figure 
are the individual studies included.
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SUPPLEMENTARY FIGURE 1

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
androgen analog versus control on the weight loss in catabolic phase in 
burns. (A) Result of Egger's regression test. (B) Result of the trim and fill 
method. (C) Result of sensitivity analysis.

SUPPLEMENTARY FIGURE 2

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
androgen analog versus control on the weight gain in recovery phase in 
burns. (A) Result of Egger's regression test. (B) Result of the trim and fill 
method. (C) Result of sensitivity analysis.

SUPPLEMENTARY FIGURE 3

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
androgen analog versus control on the lean body mass in recovery phase in 
burns. (A) Result of Egger's regression test. (B) Result of the trim and fill 
method. (C) Result of sensitivity analysis.

SUPPLEMENTARY FIGURE 4

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
androgen analog versus control on the operation times in burns. (A) Result of 
Egger's regression test. (B) Result of the trim and fill method. (C) Result of 
sensitivity analysis.

SUPPLEMENTARY FIGURE 5

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
androgen analog versus control on the healing time of donor area in burns. 
(A) Result of Egger's regression test. (B) Result of the trim and fill method. 
(C) Result of sensitivity analysis.

SUPPLEMENTARY FIGURE 6

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
androgen analog versus control on the length of hospital stay/total body 
surface area burned (LOS/TBSA%) in burns. (A) Result of Egger's regression 
test. (B) Result of the trim and fill method. (C) Result of sensitivity analysis.

SUPPLEMENTARY FIGURE 7

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
androgen analog versus control on the length of hospital stay (LOS) in burns. 
(A) Result of Egger's regression test. (B) Result of the trim and fill method. 
(C) Result of sensitivity analysis.

SUPPLEMENTARY FIGURE 8

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
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androgen analog versus control on the side effects in burns. (A) Result of 
Egger's regression test. (B) Result of the trim and fill method. (C) Result of 
sensitivity analysis.

SUPPLEMENTARY FIGURE 9

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
androgen analog versus control on the infection in burns. (A) Result of 

Egger's regression test. (B) Result of the trim and fill method. (C) Result of 
sensitivity analysis.

SUPPLEMENTARY FIGURE 10

The results of Egger’s regression test, trim and fill method and sensitivity 
analysis of the meta-analysis illustrating the overall weighted effect size of 
androgen analog versus control on the mortality in burns. (A) Result of 
Egger's regression test. (B) Result of the trim and fill method. (C) Result of 
sensitivity analysis.

References
 1. Lou J, Cui S, Huang N, Jin G, Chen C, Fan Y, et al. Efficacy of probiotics or 

synbiotics in critically ill patients: a systematic review and meta-analysis. Clin Nutr 
ESPEN. (2024) 59:48–62. doi: 10.1016/j.clnesp.2023.11.003

 2. Mrazek AA, Simpson P, Lee JO. Nutrition in pediatric burns. Semin Plast Surg. 
(2024) 38:125–32. doi: 10.1055/s-0044-1782648

 3. Knuth CM, Auger C, Jeschke MG. Burn-induced hypermetabolism and skeletal 
muscle dysfunction. Am J Physiol Cell Physiol. (2021) 321:C58–71. doi: 
10.1152/ajpcell.00106.2021

 4. Miricescu D, Badoiu SC, Stanescu-Spinu II, Totan AR, Stefani C, Greabu M. 
Growth factors, reactive oxygen species, and metformin-promoters of the wound 
healing process in burns? Int J Mol Sci. (2021) 22:9512. doi: 10.3390/ijms22179512

 5. Kopel J, Sorensen G, Griswold J. A reappraisal of Oxandrolone in burn 
management. J Pharm Technol. (2022) 38:232–8. doi: 10.1177/87551225221091115

 6. Wang L, Chen Y. Observation on the therapeutic effect of androgen in burn 
patients. Zhonghua Zheng Xing Shao Shang Wai Ke Za Zhi. (1994) 10:459–61.

 7. Shao XM. Advances in burn treatment. Zhonghua Zheng Xing Shao Shang Wai Ke 
Za Zhi. (1991) 7:200–39.

 8. Wu J. Clinical study of burn wound healing. Zhonghua Zheng Xing Shao Shang Wai 
Ke Za Zhi. (1989) 5:119–59.

 9. Guillory AN, Herndon DN, Silva MB, Andersen CR, Suman OE, Finnerty CC. 
Oxandrolone coadministration does not alter plasma propranolol concentrations in 
severely burned pediatric patients. J Burn Care Res. (2017) 38:243–50. doi: 
10.1097/BCR.0000000000000494

 10. Feathers JR, Richardson G, Cornier A, Rebuffa N, Sloan B, Muthayya P, et al. The 
use of Oxandrolone in the Management of Severe Burns: a multi-service survey of burns 
Centres and units across the United  Kingdom. Cureus. (2024) 16:e57167. doi: 
10.7759/cureus.57167

 11. Demling R, De Santi L. Closure of the "non-healing wound" corresponds with 
correction of weight loss using the anabolic agent oxandrolone. Ostomy Wound Manage. 
(1998) 44:58–62, 64, 66 passim.

 12. Hundeshagen G, Blears E, Mertin V, Day AG, Palackic A, Tapking C, et al. 
Administration and effects of beta blockers and oxandrolone in severely burned adults: 
a post hoc analysis of the RE-ENERGIZE trial. Burns Trauma. (2024) 12:tkad063. doi: 
10.1093/burnst/tkad063

 13. Zeitouni F, Zhu C, Pang A, O'Banion S, Bharadia D, Griswold J. Vitamin A-induced 
hypercalcemia in burn patients: a case study. J Burn Care Res. (2022) 43:1445–8. doi: 
10.1093/jbcr/irac101

 14. Wischmeyer PE, Suman OE, Kozar R, Wolf SE, Molinger J, Pastva AM. Role of 
anabolic testosterone agents and structured exercise to promote recovery in ICU 
survivors. Curr Opin Crit Care. (2020) 26:508–15. doi: 10.1097/MCC.0000000000000757

 15. Gus EI, Shahrokhi S, Jeschke MG. Anabolic and anticatabolic agents used in burn 
care: what is known and what is yet to be  learned. Burns. (2020) 46:19–32. doi: 
10.1016/j.burns.2018.03.009

 16. Kiracofe B, Zavala S, Gayed RM, Foster CJ, Jones KM, Oltrogge Pape K, et al. Risk 
factors associated with the development of Transaminitis in Oxandrolone-treated adult 
burn patients. J Burn Care Res. (2019) 40:406–11. doi: 10.1093/jbcr/irz041

 17. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Int 
J Surg. (2021) 88:105906. doi: 10.1016/j.ijsu.2021.105906

 18. Stern C, Jordan Z, McArthur A. Developing the review question and inclusion 
criteria. Am J Nurs. (2014) 114:53–6. doi: 10.1097/01.NAJ.0000445689.67800.86

 19. Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The 
Cochrane collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 
343:d5928. doi: 10.1136/bmj.d5928

 20. Giner-Sorolla R, Montoya AK, Reifman A, Carpenter T, Lewis NA, Aberson CL, 
et al. Power to detect what? Considerations for planning and evaluating sample size. 
Personal Soc Psychol Rev. (2024) 28:276–301. doi: 10.1177/10888683241228328

 21. Liu Y, Hau KT, Liu H. Linear mixed-effects models for dependent data: power and 
accuracy in parameter estimation. Multivariate Behav Res. (2024) 59:978–94. doi: 
10.1080/00273171.2024.2350236

 22. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. 
BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

 23. Demling RH, DeSanti L. Oxandrolone, an anabolic steroid, significantly increases 
the rate of weight gain in the recovery phase after major burns. J Trauma. (1997) 
43:47–51. doi: 10.1097/00005373-199707000-00012

 24. Demling RH, Orgill DP. The anticatabolic and wound healing effects of the 
testosterone analog oxandrolone after severe burn injury. J Crit Care. (2000) 15:12–7. 
doi: 10.1053/jcrc.2000.0150012

 25. Demling RH, DeSanti L. The rate of restoration of body weight after burn injury, 
using the anabolic agent oxandrolone, is not age dependent. Burns. (2001) 27:46–51. doi: 
10.1016/S0305-4179(00)00064-4

 26. Demling RH. Comparison of the anabolic effects and complications of human 
growth hormone and the testosterone analog, oxandrolone, after severe burn injury. 
Burns. (1999) 25:215–21. doi: 10.1016/S0305-4179(98)00159-4

 27. Zhang LM, Liang ZQ, Meng CY, Li DH. Observation of the 
therapeutic effect of androgen application in burn patients. Guangxi Med J. (2002) 
11:1731–3.

 28. Demling RH, DeSanti L. Oxandrolone induced lean mass gain during recovery 
from severe burns is maintained after discontinuation of the anabolic steroid. Burns. 
(2003) 29:793–7. doi: 10.1016/j.burns.2003.08.003

 29. Murphy KD, Thomas S, Mlcak RP, Chinkes DL, Klein GL, Herndon DN. Effects 
of long-term oxandrolone administration in severely burned children. Surgery. (2004) 
136:219–24. doi: 10.1016/j.surg.2004.04.022

 30. Thomas S, Wolf SE, Murphy KD, Chinkes DL, Herndon DN. The long-term effect 
of oxandrolone on hepatic acute phase proteins in severely burned children. J Trauma. 
(2004) 56:37–44. doi: 10.1097/01.TA.0000108636.63225.63

 31. Przkora R, Jeschke MG, Barrow RE, Suman OE, Meyer WJ, Finnerty CC, et al. 
Metabolic and hormonal changes of severely burned children receiving long-term 
oxandrolone treatment. Ann Surg. (2005) 242:384–91. doi: 
10.1097/01.sla.0000180398.70103.24

 32. Wolf SE, Edelman LS, Kemalyan N, Donison L, Cross J, Underwood M, et al. 
Effects of oxandrolone on outcome measures in the severely burned: a multicenter 
prospective randomized double-blind trial. J Burn Care Res. (2006) 27:131–9. doi: 
10.1097/01.BCR.0000202620.55751.4F

 33. Jeschke MG, Finnerty CC, Suman OE, Kulp G, Mlcak RP, Herndon DN. The effect 
of oxandrolone on the endocrinologic, inflammatory, and hypermetabolic responses 
during the acute phase postburn. Ann Surg. (2007) 246:351–62. doi: 
10.1097/SLA.0b013e318146980e

 34. Pham TN, Klein MB, Gibran NS, Arnoldo BD, Gamelli RL, Silver GM, et al. 
Impact of oxandrolone treatment on acute outcomes after severe burn injury. J Burn 
Care Res. (2008) 29:902–6. doi: 10.1097/BCR.0b013e31818ba14d

 35. Tuvdendorj D, Chinkes DL, Zhang XJ, Suman OE, Aarsland A, Ferrando A, et al. 
Long-term oxandrolone treatment increases muscle protein net deposition via 
improving amino acid utilization in pediatric patients 6 months after burn injury. 
Surgery. (2011) 149:645–53. doi: 10.1016/j.surg.2010.12.006

 36. Herndon DN, Voigt CD, Capek KD, Wurzer P, Guillory A, Kline A, et al. Reversal 
of growth arrest with the combined Administration of Oxandrolone and Propranolol in 
severely burned children. Ann Surg. (2016) 264:421–8. doi: 
10.1097/SLA.0000000000001844

 37. Reeves PT, Herndon DN, Tanksley JD, Jennings K, Klein GL, Mlcak RP, et al. Five-
year outcomes after long-term oxandrolone administration in severely burned children: 
a randomized clinical trial. Shock. (2016) 45:367–74. doi: 
10.1097/SHK.0000000000000517

 38. Chao T, Porter C, Herndon DN, Siopi A, Ideker H, Mlcak RP, et al. Propranolol 
and Oxandrolone therapy accelerated muscle recovery in burned children. Med Sci 
Sports Exerc. (2018) 50:427–35. doi: 10.1249/MSS.0000000000001459

 39. Herndon D, Capek KD, Ross E, Jay JW, Prasai A, Ayadi AE, et al. Reduced 
Postburn hypertrophic scarring and improved physical recovery with yearlong 
Administration of Oxandrolone and Propranolol. Ann Surg. (2018) 268:431–41. doi: 
10.1097/SLA.0000000000002926

https://doi.org/10.3389/fmed.2025.1485474
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.clnesp.2023.11.003
https://doi.org/10.1055/s-0044-1782648
https://doi.org/10.1152/ajpcell.00106.2021
https://doi.org/10.3390/ijms22179512
https://doi.org/10.1177/87551225221091115
https://doi.org/10.1097/BCR.0000000000000494
https://doi.org/10.7759/cureus.57167
https://doi.org/10.1093/burnst/tkad063
https://doi.org/10.1093/jbcr/irac101
https://doi.org/10.1097/MCC.0000000000000757
https://doi.org/10.1016/j.burns.2018.03.009
https://doi.org/10.1093/jbcr/irz041
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.1097/01.NAJ.0000445689.67800.86
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1177/10888683241228328
https://doi.org/10.1080/00273171.2024.2350236
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1097/00005373-199707000-00012
https://doi.org/10.1053/jcrc.2000.0150012
https://doi.org/10.1016/S0305-4179(00)00064-4
https://doi.org/10.1016/S0305-4179(98)00159-4
https://doi.org/10.1016/j.burns.2003.08.003
https://doi.org/10.1016/j.surg.2004.04.022
https://doi.org/10.1097/01.TA.0000108636.63225.63
https://doi.org/10.1097/01.sla.0000180398.70103.24
https://doi.org/10.1097/01.BCR.0000202620.55751.4F
https://doi.org/10.1097/SLA.0b013e318146980e
https://doi.org/10.1097/BCR.0b013e31818ba14d
https://doi.org/10.1016/j.surg.2010.12.006
https://doi.org/10.1097/SLA.0000000000001844
https://doi.org/10.1097/SHK.0000000000000517
https://doi.org/10.1249/MSS.0000000000001459
https://doi.org/10.1097/SLA.0000000000002926


Lou et al. 10.3389/fmed.2025.1485474

Frontiers in Medicine 19 frontiersin.org

 40. Ali YH, Ali T. Nandrolone decanoate safely combats catabolism in burned patients: 
a new potential indication after recall. Burns. (2022) 48:59–68. doi: 
10.1016/j.burns.2021.04.011

 41. Real DS, Reis RP, Piccolo MS, Okamoto RH, Gragnani A, Ferreira LM. 
Oxandrolone use in adult burn patients. Systematic review and meta-analysis. Acta Cir 
Bras. (2014) 29:68–76. doi: 10.1590/S0102-86502014001700013

 42. Li H, Guo Y, Yang Z, Roy M, Guo Q. The efficacy and safety of oxandrolone 
treatment for patients with severe burns: a systematic review and meta-analysis. Burns. 
(2016) 42:717–27. doi: 10.1016/j.burns.2015.08.023

 43. Jewo PI, Duru FI, Fadeyibi IO, Saalu LC, Noronha CC. The protective role of 
ascorbic acid in burn-induced testicular damage in rats. Burns. (2012) 38:113–9. doi: 
10.1016/j.burns.2011.02.009

 44. Jewo PI, Fadeyibi IO. Progress in burns research: a review of advances in burn 
pathophysiology. Ann Burns Fire Disasters. (2015) 28:105–15.

 45. Shi H, Cheer K, Simanainen U, Lesmana B, Ma D, Hew JJ, et al. The contradictory 
role of androgens in cutaneous and major burn wound healing. Burns Trauma. (2021) 
9:tkaa046. doi: 10.1093/burnst/tkaa046

 46. Bauman WA, Spungen AM, Collins JF, Raisch DW, Ho C, Deitrick GA, et al. The 
effect of oxandrolone on the healing of chronic pressure ulcers in persons with spinal 
cord injury: a randomized trial. Ann Intern Med. (2013) 158:718–26. doi: 
10.7326/0003-4819-158-10-201305210-00006

 47. Bulger EM, Jurkovich GJ, Farver CL, Klotz P, Maier RV. Oxandrolone does not 
improve outcome of ventilator dependent surgical patients. Ann Surg. (2004) 
240:472–80. doi: 10.1097/01.sla.0000137131.22608.e2

 48. Klein GL. Disruption of iPads and skeletal muscle in severe burns. Bone Res. 
(2015) 3:15002. doi: 10.1038/boneres.2015.2

 49. Garg A, Garg S, She RW. Development of an extemporaneous oral liquid 
formulation of oxandrolone and its stability evaluation. Burns. (2011) 37:1150–3. doi: 
10.1016/j.burns.2011.06.007

 50. von Hippel PT. The heterogeneity statistic I2 can be biased in small meta-analyses. 
BMC Med Res Methodol. (2015) 15:35. doi: 10.1186/s12874-015-0024-z

 51. Barrow RE, Dasu MRK, Ferrando AA, Spies M, Thomas SJ, Perez-Polo JR, et al. 
Gene expression patterns in skeletal muscle of thermally injured children treated with 
oxandrolone. Ann Surg. (2003) 237:422–8. doi: 10.1097/01.SLA.0000055276.10357.FB

https://doi.org/10.3389/fmed.2025.1485474
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.burns.2021.04.011
https://doi.org/10.1590/S0102-86502014001700013
https://doi.org/10.1016/j.burns.2015.08.023
https://doi.org/10.1016/j.burns.2011.02.009
https://doi.org/10.1093/burnst/tkaa046
https://doi.org/10.7326/0003-4819-158-10-201305210-00006
https://doi.org/10.1097/01.sla.0000137131.22608.e2
https://doi.org/10.1038/boneres.2015.2
https://doi.org/10.1016/j.burns.2011.06.007
https://doi.org/10.1186/s12874-015-0024-z
https://doi.org/10.1097/01.SLA.0000055276.10357.FB

	The efficacy and safety of androgen analog oxandrolone in improving clinical outcomes in burn patients: a systematic review and meta-analysis of randomized controlled trials
	1 Background
	2 Methods
	2.1 Data source and search strategy
	2.2 Research question (PICOS framework)
	2.3 Eligibility criteria
	2.4 Data extraction and quality assessment
	2.5 Statistical analysis

	3 Results
	3.1 Characteristics of included studies
	3.2 Risk of bias and quality assessment of individual studies
	3.3 Meta-analysis findings
	3.3.1 Weight loss in catabolic phase
	3.3.2 Weight gain in recovery phase
	3.3.3 Lean body mass in recovery phase
	3.3.4 Operation times
	3.3.5 Healing time of donor area
	3.3.6 Length of hospital stay/total body surface area burned
	3.3.7 Length of hospital stay
	3.3.8 Side effects
	3.3.9 Infection
	3.3.10 Mortality

	4 Discussion
	5 Conclusion

	References

