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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

Non-alcoholic fatty liver disease (NAFLD)
stands as one of the most prevalent chronic
hepatic disorders globally, exhibiting a
steadily increasing incidence. This condition,
often asymptomatic in its early stages, poses
a significant health burden due to its potential
progression to fibrosis, cirrhosis, and
hepatocellular carcinoma in the absence of
effective intervention. Given the current lack
of a definitive pharmacological cure, research
emphasis has shifted towards lifestyle
modifications, weight management, and the
utilization of exercise and nutritional
interventions. Within this context, physical
exercise, particularly resistance training, has
emerged as a promising non-pharmacological
strategy. Resistance training is recognized for
its efficacy in improving body composition,
insulin sensitivity, and metabolic profiles, all
of which are pathophysiologically linked to
NAFLD. Concurrently, systemic
inflammation, characterized by elevated
markers such as C-reactive protein (CRP), is
a key driver in the progression of hepatic
steatosis to more severe forms of liver injury.
The chronic low-grade inflammatory state
associated with NAFLD and obesity
significantly contributes to hepatic insulin
resistance and cellular damage. Alongside
exercise, there is growing interest in the
potential  hepatoprotective and  anti-
inflammatory  properties of medicinal
plants. Cichorium intybus L. (chicory), a
plant rich in polyphenolic compounds, inulin,
and sesquiterpene lactones, has demonstrated
antioxidant, anti-inflammatory, and potential
lipid-lowering effects in preclinical studies.
Its distillate, a traditional preparation, is
commonly consumed for purported liver-
protective benefits. However, the synergistic
effects of combining structured resistance
training with chicory distillate
supplementation on inflammatory markers

and hepatic function in human subjects with
NAFLD remain inadequately explored. This
study, therefore, aimed to investigate the
individual and combined impacts of an eight-
week resistance training program and daily
chicory distillate consumption on serum
levels of CRP and the liver enzymes aspartate
aminotransferase  (AST) and alanine
aminotransferase (ALT) in women diagnosed
with NAFLD.

Methods

This study employed a semi-experimental,
randomized clinical trial design. The target
population consisted of women aged 30 to 40
years diagnosed with NAFLD (grades 1-3
confirmed by ultrasound and a
gastroenterologist/hepatologist) residing in
Aligoudarz, Iran. From volunteers meeting
the inclusion criteria, a final sample of 48
participants was purposefully selected and
subsequently randomly assigned into one of
four groups (n=12 per group): (1) Resistance
Training plus Chicory Distillate (RT+CD),
(2) Resistance Training alone (RT), (3)
Chicory Distillate alone (CD), and (4) a
Control group (C). Inclusion criteria were a
confirmed NAFLD diagnosis, sedentary
lifestyle (no regular structured exercise in the
preceding six months), and age between 30-
40 years. Exclusion criteria included
consumption of any dietary supplements,
absence from more than two training
sessions, concurrent fasting, any acute illness
or injury during the study period, and
voluntary withdrawal. The resistance training
protocol was conducted over eight weeks,
with three sessions per week. The program
consisted of exercises targeting major muscle
groups, including chest press, leg flexion, leg
extension, lat pulldown, and crunches.
Training intensity commenced at 60% of one-
repetition maximum (1RM) and was
progressively increased by 5% every two
weeks, reaching 75% of 1RM by the final
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week. The chicory distillate, procured from a
traditional medicine products company, was
administered at a daily dose of 150 ml for 32
consecutive days. The control group received
a placebo (distilled water with chicory
aroma) in identical bottles. All participants
were instructed to maintain their habitual
dietary patterns throughout the intervention
period. Primary outcome measures were
serum levels of CRP, AST, and ALT. Blood
samples were collected after a 10-12 hour fast
at two time points: baseline (pre-test) and
after the eight-week intervention (post-test).
Serum separation was performed via
centrifugation, and analyses were conducted
using standard Pars Azmoon kits and a BT-
3000 auto-analyzer. Liver status was also
assessed via ultrasonography at both time
points.  Anthropometric  measurements
(height, weight, body fat percentage) were
recorded. The study protocol adhered to
ethical standards, including obtaining written
informed consent, ensuring participant
confidentiality, and allowing voluntary
withdrawal at any stage. For statistical
analysis, descriptive data are presented as
mean + standard deviation. The normality of
data distribution was confirmed using the
Shapiro-Wilk test. Within-group
comparisons were performed using paired-
sample t-tests. Between-group differences in
the changes (delta) of the measured variables
were analyzed using one-way analysis of
variance (ANOVA), followed by Tukey’s
post hoc test for pairwise comparisons. A p-
value of less than 0.05 was considered
statistically significant. All analyses were
conducted using SPSS software version 25.
Results

Baseline demographic and anthropometric
characteristics (age, height, weight) showed
no significant differences among the four
groups (p > 0.05), confirming the
homogeneity of the sample at the outset. The
Shapiro-Wilk  test confirmed normal

distribution of all studied variables across
groups (p > 0.05). The within-group analysis
(paired t-test) revealed significant reductions
from pre-test to post-test in CRP, AST, and
ALT levels in all three intervention groups
(RT+CD, RT, CD) with a p-value of 0.001
for each variable. In contrast, the control
group  demonstrated no  statistically
significant changes in CRP (p=0.73), AST
(p=0.93), or ALT (p=0.87). The between-
group analysis (one-way ANOVA) on the
change scores demonstrated significant main
effects for all three variables: CRP (F=58.34,
p=0.001), AST (F=27.12, p=0.001), and ALT
(F=29.47, p=0.001). Post-hoc Tukey tests
detailed the specific inter-group differences.
For CRP, the greatest reduction was observed
in the RT+CD group (-31.7%), followed by
the RT group (-22.4%) and the CD group (-
10.9%). All pairwise comparisons between
intervention groups and the control group
were significant (p=0.001). Notably, the
reduction in the RT+CD group was
significantly greater than in the RT group
alone, and the RT group's reduction was
greater than that of the CD group. Regarding
liver enzymes, a similar pattern emerged. For
AST, the RT+CD group showed the most
substantial decrease (-20.7%), significantly
outperforming both the RT group (-15.6%)
and the CD group (-6.6%). The RT group also
showed a significantly greater reduction than
the CD group. For ALT, the combined
intervention again yielded the most
pronounced effect (-16.2%), which was
significantly larger than the reductions seen
in the RT group (-13.6%) and the CD group
(-5.4%). The reduction in the RT group was
also significantly greater than in the CD
group. In summary, while both isolated
interventions (resistance training and chicory
distillate) produced beneficial effects, their
combination resulted in superior, synergistic
improvements in both systemic inflammation
(CRP) and markers of hepatocellular health
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(AST, ALT).

Discussion

The findings of this study provide compelling
evidence supporting the efficacy of resistance
training and chicory distillate, both
independently and in combination, for
ameliorating key pathological features of
NAFLD in women. The significant
reductions in CRP observed across
intervention groups, particularly in the
combined RT+CD group, underscore the
potent anti-inflammatory effects of these
modalities. The reduction in CRP following
resistance training aligns with existing
literature  highlighting  exercise-induced
decreases in visceral adiposity and the
subsequent  downregulation  of  pro-
inflammatory adipokine secretion (e.g., TNF-
a, IL-6), which are primary stimulants for
hepatic CRP synthesis. Chicory distillate,
rich in bioactive compounds like inulin and
caffeic acid derivatives, likely contributes
through direct antioxidant and anti-
inflammatory ~ mechanisms,  potentially
inhibiting pathways such as NF-xB
activation. The synergistic effect suggests
complementary mechanisms where exercise
reduces the source of inflammatory signals
(adipose tissue), while chicory compounds
may directly quench inflammatory mediators
and oxidative stress at the hepatic level.

The observed reductions in the liver enzymes
AST and ALT are of direct clinical relevance,
as they indicate a decrease in hepatocellular
injury. AST, predominantly mitochondrial,
and ALT, cytosolic, are released upon
damage to  hepatocyte = membranes.
Resistance training is known to improve
systemic lipid metabolism, enhance insulin
sensitivity, and promote mitochondrial
biogenesis, thereby reducing lipotoxicity and
metabolic stress on hepatocytes. The
hepatoprotective action of chicory, attributed
to its polyphenol content and prebiotic inulin,
may involve the activation of cellular defense

pathways (e.g., Nrf2) and improvement of
gut-liver axis function. The fact that the
combination therapy vyielded the greatest
enzyme reductions suggests an additive or
synergistic protection: exercise mitigates the
primary metabolic insult (e.g., elevated free
fatty acids), while chicory enhances the
liver's intrinsic antioxidant and detoxification
capacity. The more modest effect of chicory
distillate alone on liver enzymes, though still
significant, may relate to dosage or the
necessity ~ of  concomitant lifestyle
modification for substantial hepatic fat
mobilization and repair.

These results are consistent with and extend
previous research demonstrating the benefits
of exercise in NAFLD and the
hepatoprotective properties of chicory in
animal models. The study's strength lies in its
direct comparison of combined versus single
interventions in a human clinical setting. The
findings advocate for a multi-faceted
management approach for NAFLD that
integrates structured physical activity with
evidence-based herbal interventions.
Conclusion

In conclusion, this eight-week clinical trial
demonstrates that a structured resistance
training program and daily consumption of
chicory distillate are effective, non-
pharmacological strategies for improving
inflammatory status and liver function in
women with NAFLD. The interventions,
when applied individually, led to significant
reductions in CRP, AST, and ALT levels.
Most importantly, the concurrent application
of resistance training and chicory distillate
resulted in superior, synergistic benefits,
producing the greatest improvements across
all measured biomarkers. This suggests that
the mechanisms of action for exercise and
chicory are complementary, addressing both
the systemic metabolic-inflammatory drivers
and the local hepatic oxidative stress inherent
to NAFLD. Consequently, the integration of
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regular resistance exercise with chicory
distillate supplementation can be
recommended as a safe, cost-effective, and
practical  adjunctive  strategy  within
comprehensive lifestyle modification
programs for the management and potential
prevention of non-alcoholic fatty liver
disease. Future research with longer
durations, larger sample sizes, and more
detailed mechanistic analyses is warranted to
further elucidate the long-term efficacy and
underlying pathways of this promising
combined modality.

Keywords: Resistance training, Chicory
extract, Inflammatory  markers, Liver
enzymes, Non-alcoholic fatty liver disease.
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