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Abstract

Brain activity is characterized by rhythmic oscillations that regulate key cognitive, emotional, and behavioral functions. These
rhythms, categorized into delta, theta, alpha, beta, and gamma waves, represent a critical evolutionary mechanism for survival,
allowing early humans to adapt to dangerous and unpredictable environments. However, in modern times, alterations in these
rhythms, whether excessive or deficient, can lead to significant dysfunctions, particularly in women, where hormonal and
neurobiological factors significantly influence brainwave production. This article explores the evolutionary origins of brain
rhythm alterations, gender differences in brainwave production, and their implications for women's behavior and mental
health. A multidisciplinary approach to addressing these imbalances is discussed, including bio- neurofeedback techniques,
the use of dietary supplements (magnesium, omega-3, L-theanine, B vitamins, and zinc), and lifestyle modifications. The
proposed strategies aim not only to restore balance to brain rhythms but also to introduce an innovative model of personalized
intervention tailored to women's specific needs. This approach addresses a gap in many neurocognitive studies, which often
overlook gender variables as a central element offering practical tools to improve emotional and cognitive well-being and
prevent chronic conditions such as anxiety, depression, and sleep disorders [1].

1. Introduction attention, and complex reasoning. These evolutionarily adapted
Brainwaves form the foundation of neural communication, rhythms enabled humans to respond flexibly to environmental
regulating major cognitive, emotional, and behavioral functions. threats, ensuring survival in a world characterized by danger and
Each type of wave-delta, theta, alpha, beta, and gamma—is uncertainty [2]. For example, beta wave activation supported a
associated with specific mental states, such as sleep, relaxation, state of vigilance necessary for reacting quickly to predators or
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physical threats, while delta and theta waves facilitated physical
and mental regeneration during sleep. In women, the production
and regulation of brainwaves are influenced by hormonal factors,
such as estrogen and progesterone levels, which modulate the
balance between relaxation, concentration, and brain regeneration
[3]. This biological sensitivity makes women particularly
vulnerable to disorders linked to imbalances in brain rhythms, such
as anxiety, depression, and insomnia, especially during phases of
hormonal changes such as the menstrual cycle, pregnancy, and
menopause. The aim of this article is to analyze alterations in brain
rhythms in women, exploring the evolutionary origins of these
imbalances, gender differences, and behavioral implications. A
multidisciplinary intervention model is also presented, including
bio-neurofeedback techniques, dictary supplements, and lifestyle
modifications, to restore brain balance and enhance women's
mental and cognitive well-being.

1.1. Evolutionary Origins of Brain Rhythm Alterations
Alterations in brain rhythms, whether excessive or deficient, have
deep evolutionary roots and are intimately connected to the adaptive
mechanisms that enabled our ancestors to survive in hostile and
unpredictable environments. These rhythms reflect the brain's ability
to respond flexibly and dynamically to environmental and biological
needs. However, in modern contexts, these same responses
can become dysfunctional when chronically or inappropriately
stimulated.

1.2. Excess Beta Waves: Vigilance as A Survival Tool

Beta waves, with a frequency range of 13-30 Hz, are associated

with states of alertness, concentration, and intense mental activity.

From an evolutionary perspective, the activation of these waves

was essential for survival. In an environment where danger was

constant—manifesting as predators, competition for resources,
or social conflicts—a brain capable of remaining hyperactive
and focused on imminent threats was more likely to ensure the
survival of both individuals and the group [4]. Excessive beta
wave activity triggered the sympathetic nervous system, leading
to the release of stress hormones such as adrenaline and cortisol.

These hormones enhanced sensory capabilities, increased

vigilance, and improved reaction times. This hypervigilant state

was particularly advantageous during "fight or flight" scenarios,
enabling individuals to respond promptly and effectively to threats.

For example:

e Enhanced Visual and Auditory Perception: Increased beta
waves could help ancestors detect threatening movements or
sounds in their environment.

*  Faster Decision-Making Processes: Greater brain activity
facilitated rapid choices, such as attacking or fleeing from a
predator.

e Improved Motor Skills: The sympathetic nervous system
coordinated energy resources to support the physical activity
required for survival.

However, this adaptive response becomes maladaptive in modern
contexts, where real dangers are less frequent but psychological
and social stressors are constant. Chronic hypervigilance, sustained

by an excess of beta waves, is associated with disorders such as
chronic anxiety, insomnia, and, in extreme cases, post-traumatic
stress disorder [5].

1.3. Alpha Waves: Relaxation and Social Connection

Alpha waves, oscillating between 8 and 12 Hz, represent a state
of relaxed vigilance and mental equilibrium. In an evolutionary
context, these brain rhythms were crucial for psychological and
physical recovery following periods of intense activity or stress.
For instance, after confronting a dangerous situation, returning
to a state dominated by alpha waves allowed individuals to relax,
restore homeostasis, and strengthen social bonds within the
group [6]. The ability to rapidly shift the brain between states of
hypervigilance (beta waves) and relaxation (alpha waves) was a
hallmark of adaptive flexibility. A healthy balance between these
brain rhythms enabled individuals to maintain optimal mental
efficiency. However, a deficiency in alpha waves in evolutionary
contexts could indicate that an individual was trapped in a state
of continuous stress, reducing their ability to rest, regenerate, and
engage socially. This imbalance, particularly in highly competitive
or socially unstable environments, could compromise survival.

1.4. Theta and Delta Waves: The Role of Regeneration and

Memory Consolidation

Theta waves (4—8 Hz) and delta waves (0.5—4 Hz) dominate during

sleep and deep recovery periods. These brain rhythms played

an essential role in physical and mental regeneration, providing
critical support for survival. During deep sleep, the predominance
of delta waves ensured:

e Tissue Repair: Sleep facilitated the release of growth
hormones and the repair of cellular damage.

*  Energy Conservation: A slower metabolism reduced energy
consumption, particularly vital during times of resource
scarcity.

e Memory Consolidation: Theta waves, characteristic of REM
sleep, were essential for integrating new information and
preparing for more effective responses to future situations [7].

In evolutionary terms, quality sleep—and thus the proper activation
of theta and delta waves—was necessary to maintain cognitive and
physical capabilities. However, sleep deprivation, often caused by
stress or danger, could diminish this regenerative capacity, leading
to cognitive impairment and increased vulnerability to threats.

1.5. Modern Implications: Ancient Adaptations in A New
Context

In today’s world, brain rhythm alterations often represent a conflict
between evolutionary mechanisms and the demands of modern
life. While hypervigilance might have been beneficial for dealing
with predators, it is now frequently triggered by less immediate
but chronic factors such as work stress, social relationships, and
financial concerns. Similarly, the lack of relaxation (alpha waves)
or regeneration (theta and delta waves) can lead to cascading
negative effects on physical and mental health, including anxiety,
depression, and sleep disorders [8]. Modern studies suggest
that strategies to improve brain rhythm regulation, such as
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meditation, biofeedback, and optimizing sleep, can help restore an
evolutionarily adaptive balance, promoting psychophysical well-
being in complex environments.

2. Gender Differences in Brainwave Production

Differences in the production and regulation of brainwaves
between men and women result from a complex interplay
of biology, hormonal factors, and evolutionary needs. These
differences influence how the sexes perceive, process, and respond
to internal and external stimuli, with significant implications for
mental health and behavior.

2.1. Greater Alpha Wave Activity in Women: Relaxation and
Multitasking
Alpha waves, oscillating at a frequency of 812 Hz, are associated
with states of relaxed vigilance and passive attention. Recent
studies have shown that women exhibit a predominance of alpha
waves compared to men, especially during rest or tasks requiring
multitasking [1]. This may reflect a greater ability to enter
flexible mental states, useful for managing multiple activities
simultaneously. In an evolutionary context, this predisposition
might have been crucial for child-rearing and managing
simultaneous domestic and social responsibilities. However,
this alpha wave prevalence makes women more vulnerable to
disorders associated with dysregulation of these rhythms, such as
anxiety and depression. During periods of hormonal changes, such
as the menstrual cycle, pregnancy, or menopause, fluctuations in
estrogen and progesterone can influence alpha wave production,
increasing the risk of emotional imbalances [3]. For instance:

* Anxiety: a reduction in alpha waves is associated with
hypervigilance and difficulty relaxing, common symptoms in
anxiety disorders.

e Depression: dysregulation of alpha waves, particularly in
combination with increased delta waves, may contribute to
reduced motivation and energy.

2.2. Greater Beta Wave Activity in Men: Cognitive Processing

and Focus

* In men, greater beta wave activity (13—30 Hz) has been
observed, particularly during complex cognitive tasks or
situations requiring intense focus [9]. This characteristic
may reflect a mode of information processing more oriented
toward problem-solving and direct responses to stimuli. In an
evolutionary context, men’s ability to produce higher amounts
of beta waves during complex cognitive tasks might be linked
to traditional roles requiring sustained focus, such as hunting
or tool-making. However, this heightened beta activation also
makes men more vulnerable to stress from intense cognitive
demands, potentially leading to:

e Burnout: Chronic beta wave overactivity can cause mental
fatigue and difficulty relaxing.

*  Insomnia: The inability to transition from beta waves to alpha
or theta waves can hinder the relaxation needed for sleep.

2.3. Hormonal Differences and Neuroplasticity
Differences in brainwave production between men and women are

significantly influenced by hormonal levels. Estrogens, for instance,
enhance neuroplasticity and promote brainwave synchronization,
contributing to the greater prevalence of alpha waves in women.
Conversely, testosterone has been associated with increased
beta wave activity, influencing a focus on competition and task
orientation.

These differences are not solely biological but also rooted in

evolutionary adaptation. For example:

*  Women: The ability to rapidly oscillate between alpha and
beta waves may reflect an adaptation for managing multiple
activities, ensuring the needs of offspring and the social group
were met.

e Men: Prolonged beta activation could represent an advantage
in contexts requiring focus and precision, such as monitoring
prey or defending territory

2.4. Vulnerability to Trauma and Stress

Women’s greater mental flexibility, as evidenced by their
predominance in alpha waves, makes them more vulnerable
to the effects of chronic stress or trauma. Recent studies have
shown that women exhibit an amplified amygdala response—a
brain structure involved in emotional processing—during
traumatic experiences. This can lead to heightened beta wave
hyperactivation in response to trauma, making it challenging to
return to a relaxed alpha-dominated state [10]. In men, trauma
responses may be characterized by emotional dissociation, with
decreased alpha waves and a predominance of theta or delta waves
during dissociative states.

3. Segmentation by Age Groups

A detailed analysis of brainwave alterations across different stages

of a woman’s life highlights the predominant brainwave activities

and common disorders for each age group. For example:

e Adolescence: Rising estrogen levels modulate alpha and
beta wave activity, influencing the maturation of cognitive
functions [11].

e Adulthood: Chronic exposure to stress and cognitive demands
may increase beta wave hyperactivity, contributing to anxiety
states [4].

*  Menopause: The decline in estrogen reduces neuroplasticity
efficiency and gamma wave activity, correlating with memory
impairments and mood alterations [9].

4. Intervention Strategies For Enhancing Brainwave Balance

in Women

Optimizing brainwave regulation in women can be achieved

through multidisciplinary approaches, including:

* Dietary Supplements: Specific nutrients like magnesium,
omega-3 fatty acids, L-theanine, B vitamins, and zinc support
brain function and regulate brainwave activity.

* Biofeedback Techniques: These can train the brain to achieve
optimal brainwave states, reducing stress and improving
focus.

* Lifestyle Modifications: Practices such as meditation,
mindfulness, and regular physical activity can restore balance
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between different brainwave states, promoting emotional and
cognitive well-being.

These interventions aim to rebalance brainwave activities,
improving resilience against stress and hormonal changes while
enhancing overall mental and emotional health.

4.1. The Role of Dietary Supplements in Regulating Brain

Rhythms

Dietary supplements are essential tools to support the brain in

modulating brainwave rhythms. Each nutrient plays a specific

role in enhancing neuronal functionality and neurotransmitter

production, directly influencing brainwave regulation.

a) Magnesium

e Effects: Magnesium is crucial for modulating the
parasympathetic nervous system and regulating the brain's
electrical activity. Studies have shown that magnesium
reduces beta wave activity, promoting relaxation and calming
the stress response [12].

*  Sources and Dosage: Available in bioavailable forms like
magnesium bisglycinate or citrate, with a recommended daily
dosage of 300400 mg.

b) Omega-3 Fatty Acids

e Effects: Omega-3s, particularly eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), improve neuronal
membrane fluidity and synaptic transmission. They enhance
gamma and alpha wave synchronization, improving cognitive
functions and reducing depression [13].

*  Sources and Dosage: Found in fish oil or algae supplements,
with a recommended daily intake of 1-2 g of EPA/DHA.

c¢) L-Theanine

e Effects: An amino acid found in green tea, L-theanine
increases alpha wave activity, fostering relaxation without
causing drowsiness [14].

*  Dosage: Typically, 100-200 mg, often combined with caffeine
supplements to improve focus and relaxation.

d) B Vitamins

e Effects: Vitamins B6, B9, and B12 are crucial for synthesizing
neurotransmitters like serotonin and dopamine, positively
influencing brainwave balance and alleviating depressive
symptoms [15].

*  Dosage: Balanced multivitamins or specific supplements such
as B12 (500 mcg) and B6 (10-50 mg) are recommended.

e) Zinc

e Effects: Zinc supports neuroplasticity and regulates synaptic
communication, stabilizing theta and delta waves during sleep
and promoting cellular regeneration [16].

*  Dosage: A safe and effective dosage ranges between 10-25
mg daily.

5. A Targeted Approach for Life Stages
Proposing tailored interventions for each stage of life:

e Adolescence

» Nutritional Support: Omega-3 supplements to aid in prefrontal
cortex development and zinc to support synaptic plasticity during
brain maturation [13,16].

e Adulthood

» Bio-Neurofeedback Implementation: Effective for managing
anxiety and cognitive overload. Research shows biofeedback
is particularly beneficial in rebalancing alpha and beta waves in
individuals exposed to chronic stress [17].

*  Menopause

> Specific Interventions: Strategies to improve sleep and
quality of life, such as magnesium supplementation to regulate
parasympathetic nervous system activity, and progressive
relaxation techniques to stimulate theta and delta waves.

6. Bio-Neurofeedback Techniques for Brainwave Regulation
Bio-neurofeedback is a cutting-edge technology that enables real-
time monitoring of brainwave activity and intervention to optimize
its regulation. This approach is particularly beneficial for women
experiencing dysfunctions related to chronic stress, anxiety,
depression, or hormonal imbalances.

6.1. How it Works

e EEG Monitoring: Bio-neurofeedback uses EEG
(electroencephalography) devices to detect brain rhythms and
provide visual, auditory, or tactile feedback. Patients learn to
modulate specific brainwaves based on the feedback received
[17]. Examples include:

» Reducing Beta Wave Activity during states of anxiety.

» Increasing Alpha Waves to enhance relaxation and focus.

> Enhancing Theta Waves to promote sleep and memory

consolidation.

a) Benefits

»  Anxiety: Reduces beta wave activity and enhances alpha
waves, decreasing hyperactivation.

> Depression: improves gamma and alpha wave activity,
stimulating neuroplasticity and mood.

»  Sleep: balances delta and theta waves, fostering restorative
rest [18].

b) Protocol

Sessions typically last 30—-60 minutes, with a course of 10-20
sessions. Studies show that the positive effects are cumulative
and long-lasting, especially when combined with nutritional
interventions and lifestyle modifications.

6.2. Lifestyle Optimization for Brainwave Rhythms

a) Physical Activity

»  Regular Aerobic Exercise: Engaging in 30-45 minutes of
daily aerobic exercise enhances neuroplasticity, promotes gamma
and alpha wave activity, and reduces beta waves associated with
stress [19].

b) Balanced Diet
Adietrich in antioxidants, healthy fats, and essential micronutrients
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supports brain health. Foods such as nuts, fatty fish, leafy greens,
and whole grains are particularly beneficial.

¢) Stress Management
»  Mindful Breathing and Progressive Muscle Relaxation:
These techniques can quickly lower beta wave activity and increase

alpha waves, promoting calmness and relaxation.

7. Future Research Directions

Conducting longitudinal studies to explore the interaction between
age, hormones, and brain rhythms is crucial for understanding the
neurophysiological changes occurring across different

stages of a woman’s life. Current research often focuses on specific
moments, such as menopause or adolescence, but lacks studies
tracking women throughout their lives to evaluate how hormonal
changes influence brain rhythms over time.

7.1. Key Objectives for Future Studies

1. Investigate Neurophysiological Changes During Hormonal

Transitions

* Explore the Impact of Hormonal Fluctuations: Analyze
how changes in estrogen and progesterone levels during
puberty, pregnancy, postpartum, and menopause affect brain
rhythms. Targeted studies could examine the relationship
between decreased alpha or gamma waves and the cognitive
and emotional changes associated with these phases.

* For instance, research could focus on the correlation between
declining estrogen levels in menopause and reduced gamma
waves, linked to memory loss and decreased neuroplasticity

[91.

2. Develop Life Stage-Specific Therapeutic Protocols

* Tailored Interventions for Unique Needs:

» Adolescence: Strategies for managing emotional vulnerability
linked to brain maturation, such as nutritional support with omega-
3s and zinc.

» Adulthood: Bio-neurofeedback techniques to address chronic
stress and cognitive overload.

> Menopause: Interventions combining nutrition, sleep
regulation, and, where appropriate, hormone therapy to enhance

alpha and delta wave activity [12].

3. Analyze the Effectiveness of Personalized Interventions

* Evaluate Proposed Strategies: Conduct research to assess
the impact of interventions such as bio-neurofeedback
and dietary supplements on different female populations.
Comparative studies could clarify which approaches are most
effective based on age and hormonal phase.

4. Examine the Relationship Between Chronic Stress and

Brainwave Alterations

e Understand Stress-Related Brain Rhythm Changes:
Investigate how chronic stress interacts with brain rhythms
at different life stages and how these effects can be mitigated
with personalized strategies. For example, studying elevated
beta waves in adult women balancing family and career

responsibilities could yield insights into effective interventions

(5]

5. Study Cultural and Environmental Influences

e Incorporate Diversity: Future studies should consider
cultural, environmental, and socio- economic differences that
may influence brain rhythms and therapeutic responses. This
would help develop protocols applicable to a broader and
more diverse female population.

7.2. Perspectives and Expected Impact

Conducting longitudinal studies would provide a more

comprehensive and dynamic understanding of the interaction

between age, hormones, and brain rhythms, addressing current
research gaps. This would enable:

* Identification of Neurophysiological Markers: Detect early
signs of chronic conditions such as anxiety, depression, or
cognitive decline.

* Development of Targeted Interventions: Create more
effective strategies to improve women’s mental and cognitive
well-being at every life stage.

e Scientific Basis for Health Policies: Inform policies that
acknowledge the specific needs of the female population.

*  The necessity for deeper research in this area is supported by
growing evidence showing that gender-based, personalized
approaches can significantly enhance women’s quality of
life and reduce healthcare costs associated with ineffective
treatments.

8. Conclusions

Brain rhythm alterations are a complex and multifactorial
phenomenon that present unique characteristics in women due
to the interaction of biological, hormonal, and social factors.
These imbalances, rooted in adaptive evolutionary responses, are
magnified in today’s context of chronic stress, overstimulation, and
cyclic changes linked to female life stages. Women’s heightened
sensitivity to these alterations, especially during critical periods
such as pregnancy, postpartum, and menopause, underscores the
importance of targeted and specific therapeutic approaches. This
analysis highlights how personalized strategies that integrate
bio-neurofeedback techniques, nutritional interventions, and
lifestyle modifications can provide effective solutions to these
challenges. These approaches not only restore brainwave balance
but also enhance emotional and cognitive well-being, reducing
the risk of chronic conditions such as anxiety, depression, and
cognitive decline. The paper emphasizes the urgency of further
research, particularly longitudinal studies exploring the evolution
of brain rhythms across different female life stages, to develop
increasingly precise and tailored interventions. This requires
an interdisciplinary commitment, integrating neuroscience,
endocrinology, and behavioral psychology, to offer evidence-based
innovative solutions. Only through an inclusive and personalized
approach can we fully address women’s needs and significantly
improve their quality of life.
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