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Introduction
Approximately 25 million women enter menopause annually, 
contributing to an estimated 1.2 billion postmenopausal 
women globally by 2030 [1]. The menopausal transition is 
characterized by declining estrogen and progesterone levels, 
cessation of ovulation, and systemic neuroendocrine alterations. 
Historically, menopause has been treated primarily as a 
reproductive endpoint; however, emerging evidence positions it 
as a multisystem metabolic disorder intimately tied to insulin 
resistance, mitochondrial decline, and neuroinflammation [2,3].

Pathophysiology of Menopause as a Neuroendocrine Process
Menopause reflects a disruption in the ovarian–hypothalamic–
pituitary axis, leading to diminished androgenic and estrogenic 
output [4]. As estrogen levels decline, glucose uptake in 
the central nervous system decreases, precipitating cerebral 
hypometabolism and reduced gray and white matter integrity 
[5]. This neuroendocrine disruption mirrors early bioenergetic 
changes observed in Alzheimer’s disease, suggesting that female 
brain aging is metabolically accelerated during the menopausal 
transition. Mitochondrial dysfunction and inflammatory signaling 
further exacerbate neural energy deficits, driving symptoms such 
as brain fog, mood instability, and vasomotor episodes [6]. 

The Diabetes–Menopause Connection
Diabetes and insulin resistance have been identified as key 
predictors of earlier and more symptomatic menopause [7,8]. 
Hyperinsulinemia and chronic inflammation accelerate ovarian 
senescence by impairing vascular and mitochondrial integrity. In 
turn, estrogen deficiency aggravates insulin resistance, creating 
a bidirectional cycle that fuels metabolic and cognitive decline 
[9]. This interplay underscores why women with Type 2 diabetes 
often experience more severe vasomotor symptoms and earlier 
cessation of menses [10]. 

Neurocognitive and Vasomotor Impacts
Estrogen plays a vital role in cerebral glucose utilization. As 
levels drop, the brain perceives an energy deficit despite normal 
serum glucose levels, leading to thermoregulatory instability 
and the classic hot-flash phenomenon [11]. Functional imaging 
reveals up to 30% reductions in brain metabolic activity 
during perimenopause [12]. Repeated vasomotor episodes 
transiently decrease cerebral blood flow and are associated with 
impaired memory and executive function, independent of other 
cardiovascular risk factors [13].
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Therapeutic Interventions Beyond Hormone Therapy
Hormone replacement therapy (HRT) remains a mainstay for 
managing menopausal symptoms; however, it carries potential 
risks dependent on age, duration, and formulation [14]. Clinical 
guidelines increasingly advocate for integrative approaches that 
include dietary, physical, and behavioral interventions [15]. 
Nutritional ketosis offers a promising avenue for mitigating 
menopausal sequelae by addressing underlying metabolic 
inflexibility rather than merely replacing hormones. 

Ketogenic Diet and Brain Energy Rewiring
The ketogenic diet (KD), characterized by high-fat, moderate-
protein, and low-carbohydrate intake, induces a metabolic shift 
from glucose to ketone utilization [16]. Ketone bodies, primarily 
β-hydroxybutyrate, provide a clean, efficient fuel that bypasses 
insulin-dependent glucose transport mechanisms and readily 
crosses the blood-brain barrier [17]. This shift restores energy 
supply to estrogen deprived neurons, enhances mitochondrial 
biogenesis, and reduces oxidative stress [18]. Clinical studies 
demonstrate that KD improves insulin sensitivity, reduces central 
adiposity, and enhances cognitive function in postmenopausal 
women [19,20].

Clinical Implications and Practical Applications
Viewing menopause through a metabolic lens opens new 
opportunities for prevention and therapy. Interventions that 
stabilize insulin levels, enhance mitochondrial health, and 
reduce systemic inflammation— such as time-restricted eating, 
resistance training, and ketogenic nutrition—offer significant 
promise. Clinicians should tailor recommendations to individual 
metabolic profiles while educating patients about the bidirectional 
relationship between hormonal and glycemic control. 
Collaborative care involving endocrinologists, nutritionists, and 
mental health professionals ensures comprehensive support [21]. 

Conclusion
Menopause is more than a reproductive milestone; it is a 
metabolic inflection point that reflects the intricate interplay of 
hormones, energy, and brain health. By reframing menopause as 
a neuroendocrine and metabolic disorder, clinicians can move 
beyond symptom suppression toward root-cause restoration. 
Addressing insulin resistance and promoting metabolic 
flexibility may not only alleviate menopausal symptoms but also 
delay neurodegenerative decline and optimize long-term health. 
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