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ABSTRACT

Background: Despite ongoing interest in anabolic therapies for sarcopenia and cachexia, pharmacological interventions are
being developed to counteract age- and condition-related losses of muscle mass and strength. This systematic review and meta-
analysis evaluated the effect of nandrolone decanoate on lean soft tissue (LST), fat mass, handgrip strength, knee extension
strength and bone mineral density (BMD) in adults.

Methods: Following PRISMA guidelines, we searched PubMed, Scopus, Web of Science and Cochrane Library (inception to
April 2025) for randomised controlled trials (RCTs) comparing nandrolone decanoate to placebo in adults >18years. Data were
analysed using a random-effects meta-analysis, and risk of bias was assessed using the RoB2 tool. Mean differences (MD) along-
side 95% confidence intervals (95% CI) were applied, whereas standardised MD (SMD) was used when methods or/and units of
measurement were not identical (i.e., body fat mass/percentage).

Results: Twenty RCTs were included in this study. Nandrolone decanoate significantly increased LST (k=11; MD: 1.59kg, 95%
CI1.06-2.13, p<0.01, I?=0%) but had no effect on fat mass (k=11; SMD: —0.04, p=0.65), handgrip strength (k=12; SMD: 0.39,
p=0.10) or knee extension strength (k=1; p=0.99). BMD outcomes were inconsistent, with only total proximal femur BMD
showing improvement (p <0.05). No publication bias was detected. Most studies showed a low risk of bias, whereas GRADE
assessment displayed a low certainty of evidence.

Conclusion: Although nandrolone decanoate modestly increases LST, this was not accompanied by improvements in handgrip
strength or consistently observed improvements in BMD, and functional outcomes were informed by limited trial data. Taken
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together, these findings do not support routine clinical use of nandrolone decanoate for improving musculoskeletal health. Given

its limited benefit and known safety concerns, non-pharmacological approaches such as resistance training and nutritional sup-

port should remain the preferred strategy for preserving musculoskeletal health.

1 | Introduction

The musculoskeletal system plays a critical role in human
health. The loss of bone mass, muscle mass, muscle function and
physical performance due to ageing or concomitant diseases is
highly prevalent and has been shown to be strongly associated
with adverse outcomes, such as increased disability [1], higher
mortality risk [2] and impaired quality of life.

This decline in musculoskeletal health is, at least partly, revers-
ible through targeted interventions, with non-pharmacological
strategies remaining the cornerstone of prevention and treatment
[3-6]. A well-balanced diet with adequate protein intake [7], regu-
lar physical activity [8] and structured resistance exercise [5, 9, 10]
are among the most effective and safest approaches for preserving
and improving muscle and bone health [6, 8]. Despite these well-
established strategies, in some clinical conditions where muscle
wasting or bone loss is severe, pharmacological interventions have
also been explored [4]. However, their roles remain secondary,
given the risks and limitations associated with their use [3, 5].

Androgenic-anabolic steroids, including testosterone and its de-
rivatives, have been investigated for their potential to enhance
muscle protein synthesis and satellite cell proliferation [11], main-
tain physical function [12] and promote musculoskeletal health
[13, 14]. One such compound is nandrolone decanoate, which has
been prescribed in specific clinical settings [11, 15]. Nandrolone
decanoate has been used in the management of certain conditions
characterised by muscle wasting or bone loss, including chronic
kidney disease, osteoporosis in postmenopausal women, inoper-
able breast cancer, HIV-associated wasting syndrome and other
catabolic states caused by chronic diseases or acute conditions,
such as acute stress or trauma. Nevertheless, its therapeutic ap-
plication remains poorly defined, and it has been linked to clini-
cally relevant adverse effects, including infertility, impaired lipid
profiles, high blood pressure, acne, hair loss and gynaecomastia.
Clinically significant hepatotoxicity is uncommon with injectable
nandrolone decanoate at therapeutic doses, with hepatic adverse
effects primarily reported following prolonged exposure or supra-
physiological use. Robust evidence on both efficacy and safety is
therefore required before considering wider clinical use.

Importantly, the non-medical use of nandrolone decanoate
is prohibited in competitive sport under World Anti-Doping
Agency regulations, although its legal status outside sport varies
by jurisdiction and regulatory context, and may be associated
with significant health risks [16]. Although some professional
athletes, including in bodybuilding and weightlifting, are
sometimes users of nandrolone decanoate [15], their misuse is
strongly discouraged due to the potential for serious adverse ef-
fects and ethical concerns related to sports doping [17]. Given
these risks, the role of nandrolone decanoate should be carefully
evaluated within a strict clinical framework rather than for per-
formance enhancement in healthy individuals.

Despite its use in both clinical and non-clinical settings, no sys-
tematic review or meta-analysis has evaluated whether reported
anabolic effects of nandrolone decanoate translate into clinically
meaningful improvements in musculoskeletal and bone health,
that is, bone mineral density (BMD), body composition (e.g.,
muscle mass and fat mass) and physical function (i.e., muscle
strength and physical performance). Furthermore, the optimal
dose and duration of administration to provide clinically mean-
ingful or significant improvements on musculoskeletal health
are also unclear, as is the possibility of sex- or age-dependent
responses.

The primary objective of this study was to assess the efficacy of
nandrolone decanoate on musculoskeletal and bone health out-
comes (i.e., physical function, body composition and BMD) by
examining randomised controlled trials (RCTs) in adults. The
secondary objectives were to determine (1) the optimal dose and
duration of administration to provide meaningful and/or signif-
icant improvements and (2) whether age and sex influence the
response to nandrolone decanoate.

2 | Methods

This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [18]. The pro-
tocol was registered in the International Prospective Register
of Systematic Reviews (PROSPERO) (registration number
CRD42022367273).

2.1 | Search Strategy

Six independent reviewers (K.P., AM.H., C.B., M.A., B.U. and
L.P.) searched PubMed, Scopus, Web of Science and Cochrane
Library from inception until April 2025 using the search strategy
outlined in Table 1. Data extraction was performed by four inde-
pendent reviewers (K.P., T.T., A.M.H. and C.B.). Discrepancies
in the literature search process were resolved by other investiga-
tors through Covidence software.

2.2 | Inclusion and Exclusion Criteria

Studies were included based on the following criteria: (i)
RCTs with at least one arm using placebo and one using nan-
drolone and (ii) participants aged >18years old. Studies were
excluded if they were (i) open-label studies without a control
group, (ii) interventions including additional pharmacological
means known to improve physical fitness (i.e., use of other
anabolic androgenic steroids) and (iii) reviews, letters, ani-
mal experiments, commentaries or studies not published as
full text.
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= 2.3 | Endpoints
2>
—é E -;‘—‘: B :2 :2 :2 :2 :2 ; Lean soft tissue (LST) (kg), fat mass (kg) and handgrip strength
§ % g g g (kg), knee extension (kg) and BMD of the lumbar and radial
@] 2 spine, femoral neck, total proximal femur, total forearm and
E total body (g/cm? or % change from baseline) were the pri-
::5' g2 & mary endpoints used in the meta-analysis. In line with our
g '.3 4 - < w o o =3 g PROSPERO registration, ‘muscle mass’ was operationalised
$ 5 g = % using LST mass or fat-free mass, as these were the only muscle-
ge Y g related body composition measures consistently reported across
s eligible placebo-controlled RCTs. Where possible, all data were
K] - E converted to the same units in order to obtain mean differences
E téﬂ = § E (MDs) between nandrolone and placebo groups for both pri-
=3 5 oo o o o S & mary and secondary outcomes.
g2 3 & R 3 @ |E
=g|lsk =
£3|7 5 Z : : : .
2 g 2.4 | Risk of Bias and Quality of Evidence
=)
£
“ "8‘ B S g The.quality of included studies Was evaluated us?ng the risk-
_g bt % 5 % 5 8 =} of-bias 2 (RoB2) tool [19] by three independent reviewers (K.P.,
2 g g = .g = E A g J.M. and B.U.). Discrepancies were resolved by another mem-
é 2 g | l D §< D §< 2 £ ber of the team (N.V.). RoB2 is a comprehensive tool used to
g 3 %’J 2 %D I : | assess bias in RCTs across the following domains: (i) rando-
°© § a3 Ag E g misation process; (ii) deviations from intended interventions;
z (iii) missing outcome data; (iv) measurement of the outcome;
::,D and (v) selection of the reported result. According to the scor-
e =) o s a s ing‘ sys:[em, study bias was defined as ‘high’, ‘some concerns’
¢ls 3 & ¥4 ¥ & -E or ‘low’ [20].
< | — g ®Q “ ° @)
S % © S A 8 % The GRADE approach was used to assess the quality of evidence
g for each outcome from the meta-analysis. Factors evaluated in-
§ cluded risk of bias, inconsistency, indirectness, imprecision and
g~ 4 publication bias. Evidence quality was rated as high, moderate,
352 =y S & 3 3 g low or very low.
E E = a S 15 S S E
=2
=%
[
2| - @ @ @ £ 2.5 | Statistical Analysis
2T z 8 3 |z
@ = E E S g g E Our meta-analysi d the i t of drol deca-
als o) o) & & & S ysis compared the impact of nandrolone deca
= *é O O 2 2 2 g noate versus placebo on LST, fat mass and handgrip strength.
é O o o o ‘3 Quantitative data were treated as continuous measurements,
g and changes in outcomes from baseline to follow-up were com-
& & & & & & o pared between groups to calculate effect sizes. For LST, effect
o @ = @ = @ = @ = @ = @ = g size was the MD in pre-post weight gain between nandrolone
%’3 =5 £ 25 £E £ £E|3 and control groups measured in kg. For fat mass and change in
2| k5 2 k5 2 k5 2 B 2 ks 2 k5 § grip strength, we used the standardised mean difference (SMD),
_E» T; T‘g T; T‘g T; T‘g T; T‘g T; T‘g T; g E given thzlit diff.er-ept stgdies assessed these 01.1tcome with differ-
2 ,%; § ,%; § ,%; § ,%; § ,%; § é § g eﬁt met?cs, utlhsn.lg either pre—-post change in kg or percentage
2 2 2 2 2 2 =] change from baseline.
A A A A A A §
3 Meta-analysis was conducted using a random-effects model,
§ given likely heterogeneity of effect sizes due to variation in study
— E characteristics. Estimation was conducted using the Hunter-
§ § 2 § Schmidt estimation method with a small sample-size correction
é 9 - S S, R N 2 S [21]. The classification of data as moderately inconsistent was
S 531 = = = = = | 2%  basedon Higgins' I? from 50% to 74.9% and highly inconsistent
- § g ;} ;j_j) 2 g’ § 2;3 é ?;) from 75% and above.
- S5 2
E _g» § o E % é E gé § Furthermore, publication bias was assessed by visually in-
) Bl é & e 5 3 2 22 ) specting funnel plots and using the Egger's bias test. To explore
= @ | < . © - . . 2EZ sources of heterogeneity, we conducted multiple random-effects
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meta-regressions [22], examining the tool used for the as-
sessment of body composition, whether studies assessed and
accounted for dietary intake, participant age and treatment
duration. We explored sex as a potential effect modifier using
study-level female proportion in meta-regression. This analy-
sis was exploratory and does not permit sex-specific inference.
In relation to the systematic review, a narrative synthesis was
used [23].

3 | Results
3.1 | Search Results

Our search yielded 942 articles, of which 187 were removed
as duplicates. Out of 755 screened records, 711 were excluded
based on title and abstract, and of the remaining 44, 19 had
a non-placebo comparator [24-42], two had insufficient
data [43, 44], one was open label [45], one had no full text [46],
and one had a portion of participants identical to ones included
in another trial [47] in this meta-analysis. In total, 20 stud-
ies were included in the systematic review and meta-analysis
(Figure 1) [15, 48-66]. Of these, one study included college
students without reporting age specifics, but the highest mean
age across studies was 83 years. Six studies used bioelectrical
impedance (BIA), eight used dual x-ray absorptiometry (DXA;
from which one used also dual- energy quantitative com-
puted tomography), one used underwater densitometry, and
two used single-photon absorptiometry. Treatment duration
ranged from 2 to 104 weeks, and based on available data, 37.9%

=l _
£ PubMed (n =155) Records removed before
] Cochrane Library (n = 69) .
S ; screening:
= Web of Science (n =225) [—» Duplicate records
g Scopus (n = 493) removed (n = 187)
= Total (n=942)
Records screened » | Records marked as ineligible
(n=1755) (n="711)
8l .
=
5 '
§ Reports excluded (n = 24):
= Insufficient data (n = 2)
Reports assessed for l - Non-placebo comparator (n = 19)
eligibility (n = 44) - No full text (n=1)
- Open label (n=2)
i - Identical population to an existing
— included study (n=1)
=
= Studies included in the
% systematic review and meta-
= analysis (n = 20)

of participants were females. Finally, seven studies controlled
for dietary intake. Detailed characteristics of the studies are
presented in Table 1.

3.2 | Effect of Nandrolone Decanoate on LST, Fat
Mass and Handgrip Strength

Supplementation with nandrolone decanoate versus placebo led
to a statistically significant increase in LST (used as a proxy for
muscle mass) (k=12; nandrolone n=358 vs. placebo n=259;
MD: 1.59kg, 95% CI 1.06-2.13, p<0.01, I’=0%) (Figure 2). No
changes were observed in terms of fat mass (k=12; nandrolone
n=383 vs. placebo n=265; SMD: —0.04, 95% CI: —0.20-0.12,
p=0.65, >’=0%) (Figure 3) and handgrip strength (k=4; nan-
drolone n="79 vs. placebo n=67; SMD: 0.39, 95% CI —0.08-0.85,
p=0.10, I>=44%) (Figure 4).

No publication bias was found for any outcome of interest
(Table S2). Likewise, we found no covariates that significantly
modified the results of our analysis based on meta-regressions,
including the exploratory moderator analysis using study-level
female proportion (Table S3).

3.3 | Effect of Nandrolone Decanoate on Knee
Extension Strength

Only one study assessed the impact of nandrolone decanoate
on knee extension strength through three repetition maximum

FIGURE1 | Flowchart of the search strategy employed in the literature search.
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Study MD [95% CI]
Sharma 2008 0.70% 0.00 [-6.39, 6.39]
Lovejoy 1996 »—l—o 34.90% 0.99[0.09, 1.89]
Mulligan 2005 P — 2.60% 1.10[-2.21,4.41]
Fahey 1973 0.69% 1.19[-5.22, 7.60]
Gold 2006 i 8.93% 1.40[-0.39, 3.19]
Storer 2005 : 26.51% 1.70[0.66, 2.74]
Van Loan 1999 1.01% 1.75[-3.56, 7.07]
Frisoli Jr 2005 —— 6.60% 1.79[-0.28, 3.87]
Johansen 1999 : 13.52% 2.60[1.15, 4.05]
Sloan 1992 n—-—c 2.59% 3.10[-0.22, 6.42)
Crawford 2003 : 1.02% 3.30[-1.97, 8.57]
Johansen 2006 0.94% 3.40[-2.11, 8.91]
Random Effects model 100% 1.59[ 1.06, 2.13]

[ |
Favours Control =10 -5

0 5 10

Favours Treatment

Comparative LST gain (kg)

FIGURE2 | Effect of nandrolone decanoate versus placebo on lean soft tissue.

Study SMD [95% CI]
Johansen 1999 451% -0.72[-1.47,0.03]
Lovejoy 1996 3.23% -0.44 [-1.33, 0.45]
Crawford 2003 5.40% -0.31[-0.99, 0.38]
Storer 2005 D—l—*—d 9.58% -0.25[-0.76, 0.27]
Johansen 2006 ' . 6.45% -0.07 [-0.70, 0.56]
Lichtenbelt 2004 261% -0.05[-1.04, 0.94]
Mulligan 2005 6.29% -0.03 [-0.67, 0.61]
Sharma 2008 2.65% -0.02 [-1.00, 0.96]
Sardar 2010 r—o—o 8.98% -0.01[-0.55, 0.52]
Gold 2006 0—.—1 35.10% 0.05[-0.22, 0.32]
Fahey 1973 A 461% 0.07[-0.68,0.81]
Frisoli Jr 2005 o——.—o 10.59% 0.36 [-0.13, 0.85]
Random Effects model < 100% -0.04 [-0.20, 0.12]
[ I 1 I I 1
Favours Treatment -1.5 -1 -0.5 0 0.5 1 Favours Control

Comparative Fat Mass change (SMD)

FIGURE3 | Effect of nandrolone decanoate versus placebo on fat mass.

(BRM) [58], precluding any pooled analysis or firm inference. No
changes were observed after 12weeks (nandrolone change: 1.4
[2.1] 1b.; placebo change: 0.8 [2.0] 1b., p=0.99).

3.4 | Effect of Nandrolone Decanoate on BMD

Spine BMD remained unchanged in one study after 52 weeks
(nandrolone change: 0.002 [0.080] g/cm? placebo change:

—0.010 [0.064] g/cm?) (p>0.05) [56]. Radial BMD also re-
mained unchanged (nandrolone change: 2.07 [1.22]%; pla-
cebo change: —2.57 [1.17]%) (p>0.05) [61]. In another study
[53], 104weeks of nandrolone decanoate supplementation
did not increase lumbar spine BMD (nandrolone change: 3.0
[2.2]%; placebo change: 1.6 [1.3]%, p>0.05) nor femoral neck
BMD (nandrolone change: 1.9 [1.9]%; placebo change: —0.1
[1.9]%, p>0.05) or total forearm BMD (nandrolone change:
—0.4 [0.9]%; placebo change: —1.8 [1.2]%), but increased total
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Study SMD [95% CI]
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Anstey 2022 19.21% 0.68 [-0.18, 1.54]
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FIGURE 4 | Effect of nandrolone decanoate versus placebo on handgrip strength.

proximal femur BMD (nandrolone change: 3.8 [1.8]%; placebo
change: 0.7 [1.1]%, p<0.05), using DXA. Additionally, no ef-
fect was observed when dual-energy quantitative computed
tomography (DEQCT) was used to measure lumbar spine
BMD (nandrolone change: 11.2 [6.0]%; placebo change: 7.8
[4.1]%, p>0.05). Finally, in another RCT [15], no changes were
demonstrated after 14weeks on total BMD (nandrolone de-
canoate pre: 1.279 [0.091] g/cm?-nandrolone decanoate post:
1.274 [0.075] g/cm?; placebo pre: 1.328 [0.092] g/cm?-placebo
post: 1.338 [0.086] g/cm?) (p>0.05). Overall, BMD findings
were derived from a small number of heterogeneous studies
using different skeletal sites and assessment methods, preclud-
ing pooling and limiting interpretability.

Reported adverse events are presented in the Supporting
Information.

3.5 | Risk of Bias and GRADE Approach

Of the included studies, six were judged to have some concerns
overall [48, 51, 52, 57, 61, 64], whereas the rest had a low over-
all risk of bias. Three studies had at least one domain as high
risk of bias [52, 61, 63], due to a lack of baseline detail and
statistical differences between the nandrolone and the placebo
group at baseline. One study had some concerns due to lack of
blinding [53]. In other studies, there was no information on al-
location concealment [15, 51, 56, 59, 64], or the randomisation
process was not described [60]. A notable age difference be-
tween groups was observed in two studies [48, 57]. Finally, one
study had some concerns due to missing data and high dropout
rates [65]. Risk of bias assessment is shown in Table S4.

GRADE assessment (Table S5) displayed low certainty per-
taining to results around fat mass, LST and handgrip strength

changes, moderate certainty related to knee extension strength
and very low certainty regarding BMD. Moderate to high con-
founding risk, small sample sizes along with large 95% CI, and
distinct assessments were reasons for these findings.

4 | Discussion

This systematic review and meta-analysis investigated the ef-
fects of nandrolone decanoate supplementation on LST, fat
mass, handgrip strength, knee extension strength and BMD in
adults across various RCTs.

The most consistent finding was a statistically significant in-
crease in LST following nandrolone decanoate supplementa-
tion compared to placebo, with a pooled MD of 1.59kg. This
aligns with previous work suggesting that anabolic steroids can
enhance lean mass, likely through increased muscle protein
synthesis and androgen receptor-mediated activation of sat-
ellite cells [67, 68]. However, this effect should be interpreted
cautiously, as LST does not directly equate to functional muscle
mass and may reflect fluid or non-contractile tissue. More im-
portantly, these gains were not accompanied by improvements
in strength or BMD, which raises questions about their clinical
relevance.

Within the included RCTs, adverse events associated with
nandrolone decanoate were predominantly mild to moderate
and reflected expected androgenic or administration-related
effects, including voice hoarseness, facial hair, fluid retention,
injection-site reactions and transient changes in blood pres-
sure, haemoglobin or lipid profile [52-54, 57, 61, 66]. Several
trials reported no clinically meaningful changes in renal
function, liver enzymes, lipid profile or haematological pa-
rameters during the intervention period [48, 51, 59, 62, 63].
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Serious adverse events were reported in a small number of
studies, typically within trials enrolling older adults or clin-
ical populations with substantial baseline health risk, and
were not consistently attributed to nandrolone decanoate by
the original trial authors [49, 64]. Importantly, most trials
were short to medium in duration and not designed or pow-
ered to assess long-term safety outcomes; therefore, concerns
regarding cardiovascular, hepatic or endocrine risk are largely
inferred from external literature rather than directly demon-
strated within the present evidence base. Taken together, the
dissociation between increased LST and the absence of con-
sistent improvements in strength or BMD highlights the need
for caution when inferring clinical benefit from these out-
comes alone.

From a clinical perspective, the most relevant safety consider-
ations relate to sex-specific endocrine effects rather than car-
diometabolic toxicity. In men, exogenous nandrolone decanoate
suppresses the hypothalamic-pituitary-gonadal axis through
negative feedback, leading to reduced endogenous testosterone
and oestradiol production, with a transient hypogonadal state
following cessation and associated reversible infertility [17, 69].
These effects are particularly pertinent given the musculoskele-
tal outcomes targeted in this review, as suppression of oestradiol
may adversely affect bone turnover and BMD [70]. In women,
prolonged exposure is associated with virilising effects, includ-
ing voice deepening, hirsutism, clitoromegaly and menstrual
disturbance, which may be irreversible and represent a major
limitation to clinical use [17, 54].

Against this background, interpretation of anabolic effects re-
mains limited by the sensitivity of commonly used outcome mea-
sures. This is particularly relevant given recent evidence from a
systematic review by Aldrich et al., which highlighted the rapid
onset and clinical impact of acute sarcopenia in hospitalised
adults [71]. Their findings also highlight the limitations of con-
ventional outcome measures such as LST or grip strength, which
may underestimate meaningful physiological change. Advanced
imaging-based assessments of muscle quality (e.g., CT, MRI and
ultrasound) may provide greater sensitivity in detecting clini-
cally relevant muscle loss or recovery and should be prioritised
in future trials. The observed increase in LST is consistent with
other studies showing that nandrolone decanoate has a reliable
anabolic effect, particularly when combined with resistance ex-
ercise or when administered in individuals with muscle wasting
conditions such as those with HIV or undergoing haemodialysis
[36, 38, 58]. Nonetheless, given that improvements in LST were
not paralleled by changes in strength or BMD, the clinical utility
of this anabolic response remains limited.

Our findings pertaining to grip strength changes found no sig-
nificant increases, and evidence for knee extension strength was
limited to a single trial, which reported no differences versus
placebo. This suggests that increases in LST, may not translate
into improvements in muscle strength and function—a key con-
sideration in patient-centred care. The disconnect between mus-
cle quantity and muscle quality highlights the need to prioritise
interventions that yield functional gains. This dissociation be-
tween structural and functional outcomes may be particularly
relevant in clinical practice, where the aim is to primarily re-
store mobility and quality of life.

In contrast to LST, no significant changes in fat mass were ob-
served. This suggests that although nandrolone decanoate may
potentially promote muscle hypertrophy, it does not signifi-
cantly affect body fat loss. However, it remains unclear whether
a potential shift in fat distribution occurs, especially in more
adipose-prone regions, which may require more specific im-
aging techniques to assess [72]. Additionally, it is important to
consider the long-term cumulative effects of fat mass changes
alongside improvements in LST. Existing studies lack sufficient
long-term exposure and follow-up to assess chronic changes
in fat mass following lean muscle gains with nandrolone de-
canoate. Hence, it would be important for future studies to
consistently assess and report energy and protein intake to con-
textualise body composition outcomes.

Regarding muscle strength and functional outcomes, the effect
of nandrolone decanoate on handgrip strength was not statis-
tically significant, with a SMD of 0.39. Although there was a
positive trend in handgrip strength improvement, the results
were inconclusive, as reflected by the relatively wide confidence
intervals. Further studies examining the relationship between
nandrolone decanoate and handgrip strength, particularly those
focused on older adults, are needed to clarify the potential ben-
efits in improving upper body strength. Similarly, the effect of
nandrolone decanoate on knee extension strength did not yield
significant improvements. This may be due to the specific na-
ture of knee extension exercises, which may not be as sensitive
to the effects of anabolic steroids compared to exercises target-
ing larger muscle groups, such as squats or deadlifts. Another
possibility is that the supplementation duration of 12 weeks may
not have been long enough to induce significant improvements
in strength, particularly in older adults or those with significant
muscle loss. Nevertheless, the consistent lack of strength im-
provement suggests that LST gains alone are not a reliable proxy
for functional recovery.

Effects on BMD were also inconclusive. No significant changes
were observed in lumbar spine, radial or femoral neck BMD
across studies, with most p values exceeding 0.05, suggesting
that the supplementation did not have a significant impact.
Although there is some evidence suggesting that nandrolone
decanoate may have positive effects on BMD in specific pop-
ulations, such as those with osteoporosis or osteopenia [54],
its generalisability in the broader population remains limited.
Reduced aromatisation of nandrolone compared with testoster-
one may also limit oestrogen-mediated skeletal effects, which
could partly explain the inconsistent BMD findings observed
in men [73]. Given the lack of consistency and the absence of
clinically meaningful changes, these findings do not currently
support the use of nandrolone decanoate for bone health in gen-
eral populations.

Despite the observed increase in LST, the potential risks of
nandrolone decanoate cannot be overlooked. Whereas car-
diometabolic adverse effects appear inconsistent or minimal in
short-term RCTs, sex-specific endocrine consequences remain
the primary safety-limiting factor. Given that no consistent im-
provements were found in strength or BMD and that lean mass
gains alone may not translate into clinical benefit, the case for
nandrolone as a therapeutic agent is weak. Alternative short-
term strategies such as neuromuscular electrical stimulation or
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bespoke rehabilitation protocols may offer safer and more prac-
tical means of attenuating muscle loss during acute illness or
hospitalisation [74, 75]. Taken together, the limited benefit and
clear disadvantages suggest that the routine use of nandrolone
decanoate for muscle maintenance should be approached with
extreme caution, if not avoided altogether.

4.1 | Strengths and Limitations

This is the first study to examine the effect of nandrolone deca-
noate supplementation on LST, fat mass, muscle strength and
BMD compared with placebo. Our study employed multiple sub-
group analyses to investigate different tissue compartments of
BMD. However, our study was limited to a lack of research in
terms of muscle strength, whereas simultaneously, the absence
of dietary control weakens our ability to interpret changes pri-
marily observed in LST and fat mass. This is critical to consider,
given that different energy and/or protein intakes could have
influenced our results. In addition, sex-stratified analyses were
not feasible due to inconsistent sex-stratified outcome report-
ing and the under-representation of female participants across
included trials; however, sex was explored as a potential effect
modifier using study-level female proportion in an exploratory
meta-regression, which does not permit sex-specific inference.
Additionally, the relatively short-exposure and follow-up period
provides limited long-term data to understand the long-term
real-world effects of nandrolone decanoate supplementation.
Moreover, although study design and comparator groups were
broadly similar, the included trials differed substantially in
participant populations and health status, and several were
conducted decades ago using outcome assessment methods, re-
porting standards and clinical protocols that are no longer rou-
tinely used. Pre-specified physical performance outcomes (e.g.,
6-min walk test, SPPB, gait speed and timed up and go) were
not reported in eligible placebo-controlled trials and therefore
could not be synthesised. Finally, six studies had some con-
cerns in terms of risk of bias assessment primarily due to the
lack of information on whether group allocation was concealed.
Although I? values were low or 0% for two of our primary out-
comes, this may reflect either genuine consistency across studies
or limited statistical power to detect heterogeneity, particularly
given the relatively small number of included trials.

5 | Conclusions

In conclusion, nandrolone decanoate supplementation may lead
to modest increases in LST but does not significantly affect fat
mass, handgrip strength or knee extension strength in the short
term. Its effect on BMD was inconsistent, with no significant im-
provements observed across various BMD sites. Taken together,
the limited functional outcomes and known risks suggest that
nandrolone decanoate offers little clinical value and should
not be considered a routine intervention. In select, short-term
clinical scenarios, its use may be explored cautiously, but only
under strict monitoring and in the absence of safer alternatives.
Future research should prioritise safe, non-pharmacological
strategies—as resistance exercise, nutritional support and re-
habilitation—as the default approach to maintain and restore
musculoskeletal health.
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