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Abstract 

Neuroplasticity, the brain’s ability to reorganize structurally and functionally, 

remains a central mechanism underlying cognitive aging. While aging is 

associated with declines in memory, processing speed, and executive function, 

accumulating evidence demonstrates that adaptive plasticity persists 

throughout life. This narrative review synthesizes current understanding of 

neuroplastic mechanisms in the aging brain, including synaptic plasticity, 

neurogenesis, and functional reorganization. It further explores compensatory 

processes such as cognitive reserve and highlights potential strategies to 

enhance brain resilience. 

This article is a narrative review based on existing literature and 

does not present original experimental data. 
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Introduction 

Neuroplasticity refers to the brain’s capacity to adapt to internal and external 

stimuli through structural and functional changes. This property is 

fundamental to learning, memory, and recovery from injury. Aging introduces 

complex neurobiological changes that affect plasticity mechanisms, 

contributing to cognitive decline. However, contrary to earlier beliefs, the 

aging brain retains significant adaptive potential [1]. 

 

1. Synaptic Plasticity and Aging 

Synaptic plasticity, including long-term potentiation (LTP) and long-term 

depression (LTD), is central to learning and memory. Aging alters synaptic 

efficiency, particularly in the hippocampus and prefrontal cortex, leading to 

cognitive decline [1]. Changes in calcium regulation and gene expression 

further influence synaptic adaptability. 

 

2. Neurogenesis in the Aging Brain 

Adult neurogenesis, primarily in the hippocampus, contributes to memory and 

learning. While robust in younger individuals, neurogenesis declines with age 

and remains limited in humans. Evidence suggests that it persists at low levels 

and may be influenced by environmental and physiological factors [2]. 

 

3. Functional Reorganization and Compensation 

The aging brain demonstrates compensatory functional reorganization. Neural 

networks adapt by recruiting additional regions to maintain cognitive 

performance, a phenomenon linked to preserved function despite structural 

decline [2]. 

 

 

 



4. Cognitive Reserve and Resilience 

Cognitive reserve refers to the brain’s ability to tolerate pathological changes 

without clinical manifestations. Factors such as education, mental activity, and 

lifestyle contribute to enhanced reserve, mitigating age-related decline [3]. 

 

5. Modifiable Factors Enhancing Neuroplasticity 

Lifestyle interventions significantly influence neuroplasticity: 

• Physical exercise  

• Cognitive stimulation  

• Nutritional optimization  

• Caloric regulation  

These factors enhance synaptic function and may delay neurodegenerative 

processes [4]. 

 

Discussion 

Neuroplasticity represents a dynamic and adaptive process that persists across 

the lifespan. Although aging affects structural and functional aspects of the 

brain, compensatory mechanisms maintain cognitive function. Integrating 

lifestyle interventions with emerging therapeutic strategies may enhance brain 

resilience and reduce the burden of neurodegenerative diseases. 

 

Conclusion 

The aging brain retains a significant capacity for plasticity, challenging 

traditional views of inevitable decline. Understanding mechanisms of 

neuroplasticity provides valuable insights into cognitive preservation and 

therapeutic innovation. Future research should focus on translating these 

mechanisms into targeted interventions for healthy aging. 

 



Table 1. Mechanisms of Neuroplasticity in Aging 

Mechanism Role in Aging Brain 

Synaptic plasticity Supports learning and memory 

Neurogenesis Limited but contributes to cognition 

Functional reorganization Compensatory adaptation 

Cognitive reserve Enhances resilience 

 

Figure 1. Neuroplasticity in the Aging Brain 

 

Figure 1. Illustration showing synaptic remodelling, reduced neurogenesis, 

and compensatory neural network reorganization contributing to cognitive 

resilience in the aging brain. 
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