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Extended Abstract

Introduction

Aging is a natural biological process accompanied by progressive changes in multiple physiological systems, including
the neuromuscular, cardiovascular, metabolic, and nervous systems. One of the most important consequences of aging is
the gradual decline in skeletal muscle mass and strength, which can negatively affect functional capacity, mobility,
independence, and quality of life in older adults. The reduction in lower-body muscle strength is particularly important
because it is closely associated with the ability to perform essential daily activities such as walking, climbing stairs,
standing from a chair, and maintaining postural stability. Therefore, identifying effective exercise strategies to preserve
or improve muscle strength has become an important objective in geriatric health and exercise science. In addition to
muscular adaptations, aging is associated with changes in neurobiological factors that contribute to the maintenance of
neuronal function and communication between the nervous and muscular systems. Brain-derived neurotrophic factor
(BDNF) is one of the most important neurotrophic factors involved in neuronal survival, growth, differentiation, synaptic
plasticity, and neural adaptation. BDNF may also contribute to neuromuscular function through its role in neural signaling
and adaptation to physical activity. Evidence suggests that regular exercise, particularly resistance training, can stimulate
neurotrophic responses and improve muscular performance. However, the magnitude of these adaptations may depend on
several characteristics of the training program, including intensity, volume, frequency, progression, and the method used
to organize training variables. Resistance training is widely recommended for older adults because it can improve muscle
strength and functional capacity while counteracting age-related declines in neuromuscular performance. Traditionally,
resistance training programs have often been organized according to a linear model, in which training intensity gradually
increases while repetitions and training volume progressively decrease throughout the intervention. Although linear
programming can effectively promote progressive adaptation, maintaining a relatively predictable progression may not
provide sufficient variation in training stimuli for all individuals, particularly older adults. In contrast, nonlinear or
undulating resistance training involves systematic variation in training intensity, repetitions, and volume across training
sessions or weeks. This approach provides repeated changes in the training stimulus and may promote different
neuromuscular adaptations compared with conventional linear programming. The greater variation in training load may
also reduce training monotony and provide repeated physiological challenges that could enhance adaptation.
Nevertheless, the comparative effects of linear and nonlinear resistance training on neurotrophic factors such as BDNF,
together with lower-body muscle strength, remain insufficiently established in older women. Therefore, the present study
was conducted to compare the effects of two different resistance training programming models, namely linear and
nonlinear programming, on serum BDNF concentration and lower-body muscle strength in older women. It was
hypothesized that both resistance training models would improve BDNF concentration and lower-body muscle strength
compared with a non-training control condition, with nonlinear programming potentially producing greater improvements
because of its greater variation in training intensity and volume.

Methods

This quasi-experimental study was conducted using a pretest—posttest design with a control group. Thirty-six older women
aged 65—70 years were randomly assigned to three groups: linear resistance training, nonlinear resistance training, and
control (n = 12 per group). The two training groups performed circuit-based resistance training for 8 weeks, three sessions
per week, with each session lasting 80 minutes. Serum BDNF concentration was measured using the ELISA method, and
lower-body muscle strength was assessed using the leg press test before and after the intervention. Data were analyzed
using analysis of covariance (ANCOVA) followed by the Bonferroni post hoc test.

Results

The results showed significant differences among the three groups in serum BDNF concentration and lower-body muscle
strength following the intervention (P < 0.001). Serum BDNF concentration in the nonlinear resistance training group
was 3.10 and 6.90 ng/mL higher than that in the linear resistance training and control groups, respectively. Moreover,
lower-body muscle strength in the nonlinear group was 2.63 and 13.38 kg greater than that in the linear and control groups,
respectively, while the linear group demonstrated 10.75 kg greater lower-body muscle strength than the control group (P
<0.001).

Conclusion

The findings of the present study demonstrated that an eight-week resistance training program was effective in improving
both serum BDNF concentration and lower-body muscle strength in older women. Importantly, the results indicated that
the pattern used to organize resistance training variables influenced the magnitude of these adaptations. Both linear and
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nonlinear resistance training produced significantly greater improvements in the examined outcomes compared with the
control condition; however, the nonlinear resistance training program resulted in superior responses compared with the
linear training model. The greater increase in serum BDNF observed following nonlinear resistance training suggests that
variation in training intensity, repetition range, and set volume may provide a more effective stimulus for neurotrophic
adaptation in older women. BDNF is an important mediator of neuronal survival, synaptic plasticity, and neural
adaptation, and its increase following exercise may reflect enhanced neurobiological responses to repeated physical
stimuli. The present findings therefore suggest that resistance training may have benefits extending beyond improvements
in muscular performance and may also contribute to adaptations associated with neural function. The greater BDNF
response observed in the nonlinear group may be related to the repeated changes in training demands and the resulting
variation in physiological and neuromuscular stimulation throughout the intervention. The results for lower-body muscle
strength also demonstrated a clear advantage of resistance training over the control condition. Both training groups
achieved significant improvements, with the nonlinear group demonstrating the greatest increase in strength. These
findings are particularly relevant for older women because lower-body strength is an important determinant of functional
independence, mobility, balance, and the ability to perform activities of daily living. Improvements in lower-body strength
may consequently contribute to better physical function and potentially reduce the risk of functional limitations associated
with aging. The superiority of nonlinear programming may be explained by its ability to expose participants to different
combinations of training intensity and volume rather than maintaining a relatively predictable progression. Such variation
may facilitate continuous neuromuscular adaptation and prevent prolonged exposure to a single training stimulus.
Nevertheless, the mechanisms underlying the greater effects of nonlinear programming on BDNF and muscle strength
require further investigation. Overall, the findings indicate that resistance training should be considered an important
component of exercise programs designed for older women. Although both linear and nonlinear programming models
were beneficial, nonlinear resistance training appeared to be a more effective strategy for simultaneously improving serum
BDNF concentration and lower-body muscle strength. Therefore, incorporating systematic variation in resistance training
intensity, repetitions, and volume may provide a useful approach for optimizing neuromuscular and neurotrophic
adaptations in older women. Future studies with larger samples, longer intervention periods, and additional neurotrophic
and neuromuscular biomarkers are recommended to further clarify the mechanisms responsible for these differences.
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