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ABSTRACT

Myelination, the process of forming a myelin sheath around nerve fibers, is 
critical not only during early development but also throughout adulthood. 
This article explores the multifaceted impacts of myelination on the adult 
brain, highlighting its importance in cognitive functions, neurological 
health, and overall brain efficiency. In adults, efficient myelination 
enhances information processing speed, supports memory consolidation, 
and contributes to cognitive reserve, potentially delaying the onset of 
neurodegenerative diseases. Myelination ensures synchronized neural 
activity and energy-efficient brain function, playing a key role in complex 
cognitive tasks and coordination. Despite a slower rate of plasticity

compared to early development, the adult brain retains the ability to adapt
and learn, with myelination facilitating these processes. This article also
draws parallels between myelination in the brain and learning curves in
deep learning perceptrons, emphasizing how reduced stimulation and
experience can significantly slow down cognitive and learning processes.
Additionally, the clinical implications of myelination are discussed,
including its role in multiple sclerosis and age-related cognitive decline,
along with strategies to maintain and enhance myelin health through
lifestyle choices and emerging pharmacological interventions.
Understanding the ongoing significance of myelination in the adult brain,
and its comparison to artificial neural networks, is crucial for developing
interventions to support cognitive health and mitigate neurological
disorders.
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INTRODUCTION

Myelination, the process by which axons are insulated with a fatty

substance called myelin, is a fundamental aspect of nervous system
development and function. Myelin enhances the speed and efficiency of
electrical signal transmission along nerve fibers, enabling rapid
communication between neurons and facilitating complex cognitive
processes. The formation of myelin sheaths around axons occurs throughout
development, with different brain regions undergoing myelination at
different stages. This sequential myelination corresponds to the maturation
of various cognitive functions such as sensory processing, motor skills,
language, and higher-order thinking.

Numerous studies have highlighted the link between myelination and
cognitive development. Montgomery discusses how myelination supports
the development of executive functions, including working memory,
cognitive flexibility, and inhibitory control. The author emphasizes that the
extended period of myelination in the prefrontal cortex, which continues
into early adulthood, underlies the gradual maturation of these critical
cognitive skills. Furthermore, research has shown that individual differences
in myelination patterns can influence cognitive abilities and academic
performance.

Montgomery proposes a model that explores the possible influence of
cortical neuronal circuits on each other, highlighting the role of myelination
in this process. The study suggests that the efficiency of signal transmission
between different brain regions, mediated by myelination, can shape the
dynamics of neuronal interactions and ultimately impact cognitive
processes. This finding underscores the importance of considering the
interconnectedness of brain circuits when examining the effects of
myelination on cognitive development.

Myelination also plays a vital role in learning and memory. As Montgomery
(another one) explains, the formation and strengthening of myelin sheaths
facilitate the consolidation of new information and skills. Efficient
myelination enables faster and more reliable signal transmission, allowing
the brain to process and store information effectively. This is particularly
important during critical periods of development when the brain exhibits
heightened plasticity and receptivity to learning.

However, reduced environmental stimulation can impact the rate of
myelination and, consequently, cognitive development and learning. Studies
have shown that animals raised in impoverished environments exhibit
slower rates of myelination compared to those in enriched environments. In
humans, lack of adequate sensory stimulation and social interaction during
early childhood has been associated with delays in cognitive development
and language acquisition.

MATERIALS AND METHODS

To compare the rate of myelination in a baby from 0 to 2 years old to the
learning curves of a weighted perceptron with different experience levels, we
can model and visualize these processes. Here's a detailed approach to the
comparison:

Myelination curve

Myelination is the process of forming a myelin sheath around the nerves to
improve the speed and efficiency of electrical signal transmission. Typically,
myelination in infants follows a rapid growth pattern in the first two years of
life [1-4].

Perceptron learning curves

A perceptron is a type of artificial neural network, and its learning curve
represents how quickly it can learn from experience (training data).
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We will compare two perceptrons:

• One with regular experience (training data).
• One with 50% less experience (training data).

Simulation parameters: We will use a three-layer perceptron (input, hidden,
output) for the simulation. The learning rate and other hyperparameters
will be kept constant. The training period is 730 days.

Let's proceed with the following steps:

Model the myelination curve.

Graph 1: Simulate the learning curves for the perceptrons.

Compare and visualise the results. First, we'll need to create the myelination
curve and the perceptron learning curves.

Let's start with the code to generate these curves.

Equations for the first code.

Myelination curve: The myelination curve is modeled using a sigmoid
growth function centered around 365 days:

where 𝑡 represents the number of days.

Perceptron learning curve (Regular experience): The perceptron learning 
curve with regular experience is defined by updating the weights based on a 
random error term scaled by the experience factor and learning rate:

where:

Graph 2: Perceptron learning curve (50% less experience).

For the perceptron with 50% less experience, the equations are similar but
with an experience factor of 0.5:

Equations for the last code:

Adjusted myelination curve for 50% less stimulation.

The myelination curve with 50% less stimulation is modeled with a slower
sigmoid growth function:

Adjusted perceptron learning curve (Regular experience, slow learning rate)
The perceptron learning curve with regular experience and a slower
learning rate is defined by a function that gradually reaches 1 around 500
days [5-9]:

Adjusted perceptron learning curve (50% less experience, slow learning
rate).

For the perceptron with 50% less experience and a slower learning rate, the
equation is:

Computational models, such as artificial neural networks, have been used
to simulate the effects of reduced experience on learning. Montgomery and
Smith demonstrate that a neural network trained with 50% less data
exhibits a slower learning curve compared to one with regular training. This
finding parallels the slower cognitive development observed in children
with reduced environmental stimulation.

Recent advancements in deep learning techniques have shown promise in
the diagnosis of neurodevelopmental disorders such as Attention Deficit
Hyperactivity Disorder (ADHD). Montgomery proposes a deep learning
approach that integrates diverse EEG biomarkers to enhance the predictive
accuracy of ADHD diagnosis. This study highlights the potential of
leveraging machine learning algorithms to identify myelination-related
abnormalities and improve the understanding and detection of
neurodevelopmental disorders.
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• 𝜂 is the learning rate.

• 𝜖𝑡 is the error term at time 𝑡.

• 𝑊𝑡 is the weight vector at time 𝑡.

• 𝐿(𝑡) is the learning curve.



RESULTS

Myelination is a critical process that underpins cognitive development and
learning. The insulating properties of myelin enable efficient neural
communication, supporting the maturation of cognitive functions and the
acquisition of new skills. The interconnectedness of brain circuits, as
explored by Montgomery, further emphasizes the significance of
myelination in shaping cognitive processes. However, reduced
environmental stimulation can slow down myelination rates, leading to
delays in cognitive development.

Understanding the role of myelination in brain function can inform
interventions and educational strategies aimed at optimizing cognitive
outcomes. Moreover, the application of deep learning techniques, as
demonstrated by Montgomery, holds promise for enhancing the diagnosis
and understanding of neurodevelopmental disorders associated with
myelination abnormalities (Figures 1 and 2).

Figure 1) The red line perceptron takes only a small bump, but rapdly recovers to 
opitmalitty, whereas that does not happen with real brains and its myelination patterns

brain regions like the hippocampus is particularly important for memory
processes.

Myelination also contributes to neurological health in adults. The myelin
sheaths protect axons from damage and provide structural support,
maintaining the integrity of neural circuits and reducing the risk of
neurodegenerative diseases. Moreover, healthy myelination is associated
with cognitive reserve, which refers to the brain's ability to compensate for
age-related changes and neurological damage. Individuals with higher levels
of cognitive reserve, supported by efficient myelination, may experience a
delay in the onset of symptoms related to conditions like Alzheimer's
disease.

We can see, drastically, both curves, myelination and perception that the
learning curves takes a lot longer to reach its optimal status when there is
no stimulus, including and, principally, caring, holding and nutritional
deficiencies. However, it is important to note that environmental factors,
such as hunger and deficiency of stimuli, can negatively impact myelination
and cognitive development much more severelly. Historical examples like
the Dutch Hunger Winter during World War II illustrate the long-term
consequences of prenatal exposure to severe malnutrition. Studies have
shown that individuals born during this period experienced increased rates
of obesity, diabetes, and cardiovascular disease later in life. Similarly, in
some parts of Africa and Brazil, where poverty and malnutrition are
prevalent, children may face developmental challenges due to inadequate
nutrition and lack of stimulation. These examples underscore the
importance of proper nutrition and a stimulating environment for optimal
brain development and myelination.

In terms of brain efficiency, myelination plays a key role in the
synchronization and coordination of neural activity. Myelinated fibers
ensure the precise timing of neuronal firing, which is essential for complex
cognitive tasks that require the integration of information from different
brain regions. Additionally, myelination reduces the energy required for
signal transmission, making brain function more energy-efficient and
sustainable.

While the majority of myelination occurs during early development, the
adult brain retains a degree of plasticity that allows for ongoing myelination
in response to new experiences and learning. This lifelong plasticity enables
the brain to adapt and reorganize, although at a slower rate compared to the
developing brain. Myelination also supports the brain's ability to recover
from injury through the process of remyelination, which involves the repair
of damaged myelin sheaths. Enhancing remyelination is a primary target in
therapies for conditions like Multiple Sclerosis (MS).

The clinical implications of myelination in adult brains are significant.
Disorders like MS, characterized by the immune system attacking myelin
sheaths, lead to impaired neural function and disability. Understanding the
mechanisms of myelination and promoting remyelination are crucial for
developing effective treatments for such conditions. Age related changes in
myelination also contribute to cognitive decline, with decreased myelination
being associated with slower processing speeds and memory issues in older
adults. Research into strategies to maintain and enhance myelination in the
adult brain holds promise for mitigating age-related cognitive decline.

Lifestyle factors such as physical exercise, cognitive stimulation, and a
healthy diet are thought to support myelin health in adults. Engaging in
activities that challenge the brain and body promotes myelination and
overall neurological well-being. Additionally, ongoing research explores
pharmacological interventions that can enhance myelination or promote
remyelination, offering potential therapeutic approaches for various
neurological conditions and cognitive enhancement.

In conclusion, myelination continues to exert significant influence on the
adult brain, impacting cognitive functions, neurological health, brain
efficiency, and plasticity. Maintaining the integrity of myelin sheaths is
crucial for preserving cognitive abilities, promoting brain resilience, and
recovering from neurological insults. However, it is essential to recognize
the role of environmental factors, such as nutrition and stimulation, in
shaping brain development and myelination. As our understanding of
myelination in the adult brain expands, it opens up new avenues for

The role and impact of myelination in the adult brain: Cognitive functions, neurological health, brain 
efficiency, and comparisons to deep learning perceptrons

DISCUSSION

Myelination, the process of forming insulating layers around neuronal 
axons, continues to play a vital role in the adult brain, significantly 
impacting cognitive functions, neurological health, and overall brain 
efficiency. The presence of myelin sheaths enables rapid and efficient 
transmission of electrical signals along neural pathways, which is essential 
for various aspects of brain function.

One of the primary impacts of myelination on adult brains is its influence 
on cognitive functions. Myelinated fibers facilitate faster information 
processing and reaction times, allowing individuals to think quickly and 
make decisions more efficiently. Furthermore, myelin is crucial for learning 
and memory, as it supports the efficient transmission of information and 
the  consolidation of long-term  memories. The formation of new  myelin  in
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Figure 2) With reduced stimulus, seen in several regions of Africa and Brazil, even 
in rich states in the South, myelination takes longer and the window disappears. The 
sequelae persist for the whole life. Even the perceptron takes a smaller, but significant 
bump, without with less stimulus



In summary, myelination is a vital process that continues to shape the adult
brain, influencing cognitive functions and neurological health. The
comparison to a perceptron emphasizes the importance of efficient signal
transmission and the brain's capacity for learning and adaptation. By
understanding the role of myelination and the factors that influence it, we
can develop targeted interventions to support brain health, optimize
cognitive function, and address neurological disorders throughout the
lifespan. Future research in this field will continue to shed light on the
complex interplay between myelination, environment, and cognitive
development, paving the way for innovative approaches to promote brain
health and well-being. The author states no conflict of interest.
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developing targeted interventions to support brain health and optimize 
cognitive function throughout the lifespan.

CONCLUSION

In conclusion, myelination is a critical process that continues to shape the 
adult brain, influencing cognitive functions, neurological health, brain 
efficiency, and plasticity. The presence of myelin sheaths enables rapid and 
efficient transmission of electrical signals along neural pathways, supporting 
cognitive processes such as learning, memory, and decision-making. 
Myelination also contributes to neurological health by protecting axons and 
maintaining the integrity of neural circuits, while also playing a role in 
cognitive reserve and the brain's ability to recover from injury.

However, it is crucial to recognize the impact of environmental factors on 
myelination and brain development. Examples like the Dutch Hunger 
Winter, as well as instances of poverty and malnutrition in parts of Africa 
and Brazil, highlight the detrimental effects of inadequate nutrition and 
lack of stimulation on cognitive development. These cases underscore the 
importance of providing proper nutrition and a stimulating environment 
for optimal brain development and myelination.

The concept of myelination can be compared to the functioning of a 
perceptron, a simple artificial neural network. In a perceptron, the 
efficiency of signal transmission and processing is determined by the 
strength of connections between input and output nodes. Similarly, in the 
brain, the presence and integrity of myelin sheaths influence the speed and 
efficiency of signal transmission between neurons. Just as a perceptron's 
performance can be enhanced by adjusting the weights of its connections, 
the brain's cognitive functions can be improved by maintaining and 
promoting healthy myelination.

Furthermore, the perceptron's ability to learn and adapt based on training 
data is analogous to the brain's plasticity, which allows for ongoing 
myelination in response to new experiences and learning. This comparison 
highlights the importance of lifelong learning and cognitive stimulation in 
maintaining brain health and preventing age-related cognitive decline.

The study of myelination in the adult brain has significant implications for 
understanding and treating neurological disorders, such as multiple 
sclerosis, where myelin damage leads to impaired neural function. 
Additionally, research into strategies to promote myelination, such as 
lifestyle interventions and pharmacological treatments, holds promise for 
enhancing cognitive function and mitigating age-related cognitive decline.
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