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one of the most effective non-pharmacological strategies for counteracting the
adverse consequences of aging. However, limited information is available regarding
the effects of different resistance training periodization models on hormonal indices
in elderly women. Therefore, the present study aimed to investigate the effects of
linear and nonlinear resistance training programs on myostatin and follistatin levels
in elderly women.

Methods: This quasi-experimental study employed a pretest—posttest design with
three groups (two experimental groups and one control group). The statistical
population consisted of women aged 6570 years residing in Tehran. A total of 36

14 Feb 2026 participants were selected through purposive and convenience sampling and were
randomly assigned to one of three groups: linear resistance training (n=12), nonlinear
resistance training (n=12), and control (n=12). The training intervention was
conducted for 8 weeks, three sessions per week, with each session lasting 80 minutes.
Data were analyzed using one-way analysis of variance (ANOVA) and Tukey’s post
hoc test.
Results: The findings demonstrated that both linear and nonlinear resistance training
significantly decreased myostatin levels and significantly increased follistatin levels
compared with the control group. Comparison of the two training models indicated
that nonlinear resistance training was slightly more effective in reducing myostatin
and increasing follistatin concentrations.
Conclusion: Overall, the results showed that both linear and nonlinear resistance
training significantly improved biomarkers associated with muscle growth and
regeneration in women aged 65-70 years. Specifically, myostatin, one of the most
important inhibitors of muscle growth, decreased significantly, whereas follistatin, a
NO”I”’@?F Resistance Training,  key facilitator of muscle growth and hypertrophy, increased significantly. These
Myostatin, findings suggest that both resistance training models can be effective strategies for
Follistatin, enhancing muscle health in elderly women, with nonlinear periodization
Elderly Women. . . .
demonstrating a slightly greater anabolic effect.
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Extended Abstract

Introduction

Aging is a natural biological process characterized by progressive declines in physiological, metabolic, and functional
capacities. One of the most prominent age-related changes is the gradual loss of skeletal muscle mass, strength, and
function, commonly referred to as sarcopenia. Sarcopenia is associated with reduced mobility, impaired physical
performance, increased risk of falls and fractures, loss of independence, and diminished quality of life among older adults.
These adverse outcomes are particularly pronounced in elderly women, who experience accelerated declines in muscle
mass and hormonal function following menopause. Consequently, identifying effective interventions that can preserve
muscle health and functional capacity in aging women has become a major public health priority. The regulation of
skeletal muscle growth and regeneration is influenced by several molecular factors, among which myostatin and follistatin
play critical roles. Myostatin, a member of the transforming growth factor-beta (TGF-) superfamily, is a potent negative
regulator of muscle growth. Elevated levels of myostatin inhibit muscle protein synthesis, suppress satellite cell activation,
and contribute to muscle atrophy. In contrast, follistatin acts as a natural antagonist of myostatin by binding to and
neutralizing its activity, thereby promoting muscle hypertrophy and regeneration. The balance between myostatin and
follistatin is therefore considered a key determinant of muscle mass maintenance and adaptation. Physical exercise,
particularly resistance training, has been recognized as one of the most effective non-pharmacological strategies for
combating age-related muscle loss. Resistance training stimulates muscle protein synthesis, enhances neuromuscular
function, and improves muscular strength and functional performance. Recent evidence suggests that resistance exercise
may also influence the expression and circulating concentrations of myostatin and follistatin, thereby contributing to
favorable anabolic adaptations. However, the magnitude of these responses may depend on the specific design and
periodization of the training program. Among resistance training approaches, linear and nonlinear periodization models
are widely used. Linear periodization involves a gradual and systematic increase in training intensity accompanied by a
decrease in volume over time. In contrast, nonlinear periodization incorporates more frequent variations in training
intensity and volume, often within the same week. Although both models have demonstrated effectiveness in improving
muscular fitness, their comparative effects on molecular regulators of muscle growth in elderly populations remain
insufficiently understood. Furthermore, most previous studies have focused on younger adults or mixed-gender
populations, leaving a significant gap in knowledge regarding elderly women. Given the increasing prevalence of
sarcopenia and the importance of optimizing exercise interventions for healthy aging, further research is needed to
determine the most effective resistance training strategy for improving anabolic and anti-catabolic markers in older
women. Therefore, the present study aimed to investigate and compare the effects of eight weeks of linear and nonlinear
resistance training on circulating levels of myostatin and follistatin in women aged 65 to 70 years. It was hypothesized
that both training models would improve the hormonal profile associated with muscle growth, with nonlinear resistance
training potentially producing greater adaptations due to its increased variability and training stimulus.

Methods

This quasi-experimental study employed a pretest—posttest design with three groups (two experimental groups and one
control group). The statistical population consisted of women aged 65—70 years residing in Tehran. A total of 36
participants were selected through purposive and convenience sampling and were randomly assigned to one of three
groups: linear resistance training (n = 12), nonlinear resistance training (n = 12), and control (n = 12). The training
intervention was conducted for 8 weeks, three sessions per week, with each session lasting 80 minutes. Data were analyzed
using one-way analysis of variance (ANOVA) and Tukey’s post hoc test.

Results

The findings demonstrated that both linear and nonlinear resistance training significantly decreased myostatin levels and
significantly increased follistatin levels compared with the control group. Comparison of the two training models
indicated that nonlinear resistance training was slightly more effective in reducing myostatin and increasing follistatin
concentrations.

Conclusion

The findings of the present study provide further evidence supporting the beneficial effects of resistance training on
hormonal regulators of skeletal muscle growth in elderly women. Following eight weeks of intervention, both linear and
nonlinear resistance training programs resulted in significant reductions in circulating myostatin levels and significant
increases in follistatin concentrations compared with the control group. These changes indicate a favorable shift toward
a more anabolic physiological environment, which may contribute to the preservation and enhancement of skeletal muscle
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mass and function during aging. Myostatin is widely recognized as one of the most powerful inhibitors of muscle growth
and regeneration. Elevated myostatin activity has been associated with muscle wasting, reduced muscle strength, and
impaired functional capacity in older adults. Therefore, the observed reduction in myostatin following resistance training
suggests a decrease in catabolic signaling and a greater potential for muscle maintenance and adaptation. At the same
time, the increase in follistatin levels is particularly important because follistatin acts as a natural inhibitor of myostatin,
promoting muscle hypertrophy, satellite cell activation, and tissue repair. The simultaneous reduction in myostatin and
elevation in follistatin observed in this study reflects a coordinated anabolic response that may help counteract the
detrimental effects of age-related muscle decline. Although both training models produced significant improvements, the
nonlinear resistance training program demonstrated a slightly greater effect on reducing myostatin and increasing
follistatin levels. This finding may be explained by the greater variation in training intensity and volume inherent in
nonlinear periodization. Frequent alterations in training stimuli may enhance neuromuscular adaptation, reduce
physiological accommodation, and provide a stronger anabolic signal compared with traditional linear progression.
Consequently, nonlinear periodization may represent a particularly effective strategy for optimizing hormonal responses
and promoting muscle health in older women. From a practical perspective, these findings have important implications
for exercise prescription in aging populations. Given the increasing prevalence of sarcopenia and functional limitations
among elderly individuals, resistance training should be considered an essential component of health promotion and
disease prevention programs. Both linear and nonlinear resistance training models appear capable of inducing beneficial
hormonal adaptations; however, nonlinear periodization may offer additional advantages in maximizing anabolic
responses. Several limitations should be acknowledged. The relatively small sample size and the restriction of participants
to healthy elderly women limit the generalizability of the findings to other populations. Future studies should examine
larger and more diverse samples, include additional biomarkers related to muscle metabolism, and evaluate long-term
training effects. Furthermore, assessing changes in muscle mass, strength, and functional performance alongside hormonal
adaptations would provide a more comprehensive understanding of the mechanisms underlying exercise-induced
improvements. In conclusion, eight weeks of both linear and nonlinear resistance training effectively improved key
hormonal regulators of skeletal muscle growth by decreasing myostatin and increasing follistatin levels in women aged
65-70 years. These findings highlight the value of resistance exercise as a non-pharmacological intervention for
promoting healthy aging and suggest that nonlinear resistance training may provide slightly superior anabolic benefits
compared with linear training.
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