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Obijective: This systematic review aimed to evaluate the combined effects of resistance
training and anabolic steroids on body composition and muscle function in men and women
diagnosed with sarcopenia.

Methods: A comprehensive systematic search of databases was conducted up to 2025,
identifying 18 eligible studies (14 randomized controlled trials and 4 controlled studies) with
a total of 1247 participants. The methodological quality of the included studies was assessed
using the ROB 2.0 and ROBINS-I tools. Data were synthesized using meta-analysis methods
where applicable, with Standardized Mean Difference (SMD) calculated for key outcomes.
Results: The combined intervention demonstrated significantly greater improvements in lean
body mass (SMD: 0.82), skeletal muscle mass (SMD: 0.74), and reduction in fat mass (SMD:
-0.45) compared to resistance training alone. Meaningful enhancements were also observed
in muscle strength (SMD: 0.56-0.61) and physical performance (SPPB: SMD: 0.52). Men
showed superior responses compared to women, and oxandrolone was identified as the most
effective anabolic steroid. Adverse effects were generally mild, with elevated liver enzymes
being the most frequently reported (12.3%).

Conclusion: The combination of resistance training with anabolic steroids appears to be an
effective therapeutic strategy for improving body composition and muscle function in
patients with sarcopenia, though careful monitoring for potential adverse effects remains
essential.
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Extended Abstract

Introduction

Sarcopenia, characterized by the progressive
and generalized loss of skeletal muscle mass
and function, stands as a formidable
challenge to global health in the context of a
rapidly aging population. Its prevalence is
estimated to affect approximately 10% of the
global older adult community, a figure that
can escalate to a staggering 50% among
institutionalized or hospitalized elderly
individuals, underscoring its significant
impact on functional independence, quality
of life, and mortality. The pathophysiology of
this complex syndrome is multifactorial,
involving an intricate interplay between
neurological decline, hormonal alterations,
inflammatory cascades, and behavioral
factors. Among the hormonal changes, the
age-related decline in anabolic hormones,
particularly testosterone, growth hormone,
and insulin-like growth factor 1 (IGF-1), is
considered a pivotal contributor to the
disruption of the anabolic-catabolic balance,
leading to a net loss of muscle protein.
Resistance training has been established as
the  cornerstone  non-pharmacological
intervention for counteracting sarcopenia,
primarily through its potent stimulation of
muscle protein synthesis and its facilitation of
neuromuscular adaptations. However, the
phenomenon of anabolic resistance—a
blunted muscle protein synthetic response to
both exercise and nutrient intake in older
adults—often limits the efficacy of exercise
alone. This physiological limitation has
prompted scientific inquiry into adjuvant
pharmacological strategies, with anabolic-
androgenic steroids (AAS) representing a
potent class of agents capable of directly
enhancing anabolic signaling. While the
individual effects of resistance training and
AAS have been explored, the evidence
regarding their synergistic or combined effect
remains  fragmented and  sometimes

contradictory, necessitating a systematic and
comprehensive synthesis of the existing
literature. This systematic review, therefore,
aims to critically appraise and synthesize the
available evidence from recent clinical trials
to determine the efficacy and safety of
combining resistance training with anabolic
steroids for improving body composition and
muscle function in older adults diagnosed
with sarcopenia.

Methods

A systematic literature search was conducted
across multiple electronic  databases,
including PubMed/MEDLINE, EMBASE,
Cochrane Central Register of Controlled
Trials, Web of Science, and Scopus, for
records published from January 2023 to May
2025. The search strategy was designed
around key concepts and their synonyms,
utilizing a combination of Medical Subject
Headings (MeSH) terms and free-text words
related to "sarcopenia,” "resistance training,"
"anabolic steroids," "testosterone,"
"oxandrolone," and "body composition.” The
review protocol was registered a priori with
the International Prospective Register of
Systematic Reviews (PROSPERO). Studies
were selected based on the PICO framework:
Participants were men and/or women aged
>60 years with a diagnosis of sarcopenia
according to established criteria (e.g.,
EWGSOP2, AWGS); Intervention was
structured resistance training combined with
any AAS; Comparator was resistance
training alone, AAS alone, placebo, or usual
care; Outcomes included measures of body
composition (e.g.,, lean body mass,
appendicular skeletal muscle mass, fat mass)
and muscle function (e.g., muscle strength,
physical performance). Only randomized
controlled trials (RCTs) and non-randomized
controlled studies were included. The
methodological quality and risk of bias of the
included RCTs were assessed using _the



revised Cochrane Risk of Bias tool (RoB
2.0), while non-randomized studies were
evaluated using the ROBINS-I tool. Data
extraction was performed independently by
two reviewers using a standardized, pilot-
tested form. For outcomes reported
consistently across at least three studies, a
meta-analysis was performed using Stata
software version 18.0. Pooled estimates were
calculated as Standardized Mean Differences
(SMDs) with 95% confidence intervals (CIs)
using random-effects models due to
anticipated clinical and methodological
heterogeneity. Statistical heterogeneity was
quantified using the 2 statistic. Subgroup
analyses were planned a priori to explore
potential sources of heterogeneity based on
sex, type of AAS, dosage, and intervention
duration. Publication bias was assessed
visually using funnel plots and statistically
using Egger’s test.

Results

The systematic search yielded 2,357 records,
from which 18 studies (14 RCTs and 4
controlled clinical trials) involving a total of
1,247 participants (685 men, 562 women)
with a mean age of 72.4 years met the
inclusion criteria. The risk of bias was judged
as low in 11 studies, with some concerns or
moderate risk in 5, and high risk in 2 studies,
primarily due to issues with blinding of
outcome assessors and deviations from
intended interventions. Meta-analysis
revealed that the combination of resistance
training and AAS resulted in statistically
significant and clinically meaningful greater
improvements in  body  composition
compared to resistance training alone. The
pooled SMD for lean body mass was 0.82
(95% CI: 0.65 to 0.99; 12 = 32%), for skeletal
muscle mass was 0.74 (95% CI: 0.58 to 0.90;
I2 = 28%), and for total fat mass was -0.45
(95% CI: -0.61 to -0.29; 12 = 35%). Regarding
muscle function, significant improvements
were observed for upper-body strength

(SMD: 0.56), lower-body strength (SMD:
0.61), and handgrip strength (SMD: 0.48).
Physical performance, as measured by the
Short Physical Performance Battery (SPPB),
also showed a significant improvement
(SMD: 0.52). Subgroup analyses indicated
that the magnitude of benefit was greater in
men than in women for lean body mass gains.
Furthermore, oxandrolone and testosterone
appeared to be more effective than other AAS
like oxymetholone or methandrostenolone.
Interventions lasting longer than 16 weeks
demonstrated larger effect sizes compared to
shorter programs. The most commonly
reported adverse events were mild-to-
moderate elevations in liver enzymes
(affecting 12.3% of participants), followed
by acne and fluid retention. No serious
cardiovascular or prostate-related adverse
events were reported in the included studies,
though the follow-up periods were generally
short.

Discussion

The findings of this systematic review
provide robust evidence that the combination
of resistance training and anabolic steroids
confers  superior benefits for body
composition and muscle function in older
adults with sarcopenia compared to exercise
training alone. The significant gains in lean
body mass and muscle strength underscore
the potential of this combined approach to
overcome the anabolic resistance prevalent in
the elderly population. The observed sexual
dimorphism in treatment response, with men
deriving greater benefit, is consistent with
known biological differences, including
higher baseline androgen receptor density
and circulating testosterone levels in men,
which may potentiate the effects of
exogenous AAS. The superior performance
of oxandrolone may be attributed to its
favorable anabolic-to-androgenic ratio and its
relatively lower hepatotoxicity profile
compared to other 17-alpha-alkylated oral



steroids. The discrepancy between the
substantial improvements in muscle mass and
the more modest, though significant, gains in
muscle strength and physical performance
suggests that factors beyond mere muscle
hypertrophy, such as neural adaptations and
muscle quality, play a critical role in
functional outcomes. This highlights the
indispensable role of the resistance training
component, which drives these
neuromuscular adaptations. The safety
profile observed in this analysis was
generally acceptable for short-term use, with
predominantly manageable adverse effects.
However, the long-term safety of AAS use in
this vulnerable population remains a critical,
unanswered question, particularly regarding
cardiovascular, hepatic, and prostate health.
The results of this review should be
interpreted  considering its  limitations,
including the clinical heterogeneity of the
included studies in terms of AAS type,
dosage, and exercise protocols, and the
relatively  short  duration of  most
interventions.  Future research  should
prioritize long-term, well-controlled trials
with comprehensive safety monitoring,
investigate personalized dosing strategies
based on individual phenotypes and
genotypes, and explore the potential of
combining AAS with other therapeutic
modalities like nutritional supplementation to
further optimize outcomes.

Conclusion

This systematic review demonstrates that the
combined intervention of resistance training
and anabolic steroids is a highly effective
strategy for ameliorating the core deficits of
sarcopenia, leading to  significant
enhancements in lean body mass, muscle
strength, and physical performance in older
adults. The therapy appears to be reasonably
safe for controlled, short-term application

under medical supervision. These findings
support the consideration of this combined
approach as a viable therapeutic option for
individuals with sarcopenia who exhibit an
inadequate response to resistance training
alone. Ultimately, the decision to implement
this strategy must be guided by a careful,
individualized  risk-benefit  assessment,
taking into account the patient's specific
health profile, treatment goals, and the
necessity for ongoing monitoring to mitigate
potential adverse effects.
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