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Abstract

Estrogen and progesterone work together to regulate the brain systems controlling
appetite, calorie burning, and fat distribution. Estradiol (E2) strengthens satiety
signaling through serotonin, reduces reward-driven eating through dopamine,
lowers cortisol-driven fat storage through GABA, increases resting metabolic rate
through noradrenaline, and directly governs the hypothalamic appetite circuit—
activating appetite-suppressing POMC neurons, quietening hunger-promoting NPY/
AgRP neurons, and enhancing the sensitivity of the melanocortin-4 receptor (MC4R),
the brain's central satiety switch. Natural (micronized) progesterone amplifies these
effects via allopregnanolone (which further calms the stress response),
complementary serotonergic actions, and counteracting fluid retention. Synthetic
progestins partially undermine these benefits through off-target binding to
androgen, glucocorticoid, and mineralocorticoid receptors. Combined hormone
therapy using transdermal estradiol with micronized progesterone, initiated early in
the menopausal transition, reduces visceral fat gain, preserves lean muscle, and
lowers metabolic syndrome risk. Formulation, route, and timing are the principal
determinants of outcome.

Introduction

Postmenopausal women reliably develop increased abdominal fat, insulin resistance,
abnormal blood lipids, and elevated cardiovascular risk, all changes that cannot be
explained by aging alone.!*! A growing body of evidence identifies the simultaneous
disruption of four key brain chemical systems—serotonin, dopamine, GABA, and
noradrenaline—together with hypothalamic appetite-neuropeptide dysfunction, as the
underlying neurobiological cause of menopausal weight gain.[?! The concurrent loss of
estrogen and progesterone destabilizes these systems in parallel, driving a
neurochemically enforced tendency toward increased hunger, reduced calorie burning,
and visceral fat accumulation. This review summarizes current mechanistic and clinical
evidence, with particular focus on the differential metabolic consequences of bioidentical
progesterone versus synthetic progestogens.



Neuroendocrine Mechanisms

1. Serotonin, Dopamine, GABA, and Noradrenaline

Estradiol boosts hypothalamic serotonin by increasing its production and slowing its
breakdown, while also sensitizing the serotonin receptor subtype (5-HT2C) responsible
for appetite suppression. Activation of this receptor stimulates satiety neurons (POMC)
and silences hunger neurons (NPY/AgRP).[3! When estrogen falls, serotonin tone drops,
meals feel less satisfying, and carbohydrate cravings and emotionally driven eating
become more prominent.

In the brain's reward pathway, estradiol increases dopamine production, slows its
clearance, and upregulates dopamine receptor density—moderating the motivational pull
of calorie-dense foods. Brain imaging in postmenopausal women confirms measurably
lower dopamine receptor availability in reward-related regions, correlating with a
stronger preference for energy-dense foods.!*!

Estradiol strengthens the brain's primary inhibitory system (GABA), which normally keeps
the stress response—and cortisol secretion—in check. When estrogen falls, this brake
weakens: postmenopausal women show chronically elevated 24-hour cortisol and
exaggerated stress hormone responses, directly promoting visceral fat deposition and
insulin resistance.l® Separately, estradiol enhances noradrenergic signaling to activate
calorie-burning brown adipose tissue and sustain resting energy expenditure.
Postmenopausal women burn approximately 50-100 kcal/day less at rest than
premenopausal women of equivalent muscle mass—a biologically driven shortfall that
accumulates independently of dietary intake.!®!

2. The Hypothalamic Appetite Circuit: POMC, NPY/AgRP, and MC4R

Within the hypothalamus, two opposing neuronal populations govern energy balance.
The first, POMC neurons, function as a satiety signal, releasing a peptide (a-MSH) that
activates the melanocortin-4 receptor (MC4R) to suppress appetite and increase calorie
burning. The second, NPY/AgRP neurons, act as a hunger signal, driving food intake and
directly blocking MC4R to silence its satiety output. The net state of MC4R at any
moment reflects the balance of these two competing inputs.[”!

Estrogen receptors are densely expressed on POMC neurons. Estradiol directly activates
these neurons both through rapid membrane signaling and by switching on the POMC
gene itself, increasing satiety peptide output and MC4R activation. At the same time,
estradiol suppresses NPY/AgRP neuron activity, tilting the hypothalamic balance firmly
toward satiety. Estradiol also amplifies the brain's sensitivity to leptin (the appetite-
suppressing hormone released by fat cells), which explains why estrogen deficiency can
produce a state of leptin resistance—circulating leptin is present but the brain no longer
responds to it properly.®

The resulting clinical picture of progressive abdominal weight gain, persistent hunger
despite adequate intake, blunted meal-induced satiety, and preferential visceral fat
accumulation closely resembles the phenotype seen in patients with inherited MC4R loss-
of-function mutations, the most common single-gene cause of human obesity. This



parallel is instructive: both conditions produce the same neurobiological state of impaired
MCA4R satiety signaling, by different routes. It also helps explain the critical window
effect: prolonged estrogen deficiency causes structural changes in hypothalamic circuitry
that may be only partially reversible, reducing the brain's capacity to respond to
hormone therapy initiated many years after menopause.!®!

3. Estrogen and Progesterone in Combination

Natural progesterone extends estrogen's metabolic benefits through several
complementary mechanisms. It is converted in the brain to allopregnanolone, which
directly activates GABA receptors and reinforces estrogen's calming effect on the stress
response, reducing cortisol more effectively than estrogen alone. Progesterone also
modifies serotonin receptor activity in a way that amplifies estradiol's appetite-
suppressing effects, and acts on the kidney to counteract estrogen's mild tendency to
promote fluid retention.[10

Estrogen primes progesterone receptors in the hypothalamus, fat tissue, and liver, so the
two hormones function as a unit rather than independently. Their combined effect on
stress regulation, satiety, calorie burning, and fat tissue inflammation substantially
exceeds what either produces alone. Progesterone's mild thermogenic action on the
hypothalamic temperature set-point adds an estimated 100-300 kcal/day to resting
energy expenditure during the luteal phase, complementing estrogen's own metabolic
rate support.it1]

Synthetic progestins differ from natural progesterone in clinically important ways.
Common agents such as medroxyprogesterone acetate (MPA), norethindrone acetate,
and levonorgestrel bind not only progesterone receptors but also androgen,
glucocorticoid, and mineralocorticoid receptors, producing unwanted metabolic effects
including increased visceral fat deposition, worsened insulin resistance, reduced HDL
cholesterol, and augmented fluid retention. MPA also reduces the sensitivity of the
hypothalamic serotonin receptor responsible for POMC activation, and unlike natural
progesterone generates no allopregnanolone—providing none of the GABA-mediated
cortisol-lowering benefit. Women in the WHI trial randomized to combined oral estrogen
plus MPA gained significantly more weight and visceral fat than those on estrogen alone,
an outcome substantially attributable to the progestin.!*?!



System Estradiol Effect Progesterone / Progestin Effect

Serotonin T serotonin production and availability; Micronized progesterone (MP): remodels
T 5-HT2C receptor sensitivity - serotonin receptors to additive satiety
activates POMC satiety neurons; effect. MPA: reduces 5-HT2C sensitivity,
meal-induced satiety partially blunting satiety.

Dopamine T dopamine production; slows Limited direct effect. Androgenic progestins
dopamine clearance; T dopamine may reduce dopamine receptor availability
receptor density - reduces reward- in reward circuits.

driven eating

GABA / Cortisol Strengthens GABA inhibitory tone - MP — allopregnanolone: directly activates
dampens HPA stress axis; lowers GABA receptors, amplifying cortisol
cortisol - reduces visceral fat reduction. MPA: does not produce
deposition and insulin resistance allopregnanolone; no GABA benefit.
Noradrenaline / Enhances noradrenergic signaling - Progesterone raises hypothalamic
REE activates brown fat thermogenesis; temperature set-point slightly; adds ~100-
sustains resting energy expenditure 300 kcal/day to REE during luteal phase.
POMC / MC4R Directly activates POMC neurons; MP preserves estrogen receptor density on
increases MC4R receptor density; POMC neurons. MPA indirectly reduces POMC
potentiates leptin sensitivity in drive by blunting serotonergic input.

hypothalamus

NPY / AgRP Suppresses hunger neuron gene Natural progesterone: mild transient
expression and firing rate - reduces increase in NPY late in cycle. MPA: amplifies
orexigenic drive orexigenic NPY signaling.

Adipose / Promotes subcutaneous fat distribution; MP: anti-inflammatory in fat tissue; reduces

Insulin T adiponectin; { visceral inflammation; macrophage infiltration. MPA: increases
T insulin sensitivity visceral fat; reduces adiponectin; worsens

insulin resistance.

Clinical Evidence and Therapeutic Implications

The ELITE and KEEPS trials demonstrated that transdermal estradiol started within the
critical window—within approximately six years of the last menstrual period, or before
age 60—significantly reduces visceral fat gain and preserves lean muscle mass
compared to placebo, with meaningfully better outcomes than hormone therapy started
a decade or more later.[*3! The E3N cohort (68,000 women, >10 years follow-up)
established that combined estradiol and micronized progesterone carries a neutral-to-
favorable cardiometabolic profile, in contrast to synthetic progestin-containing regimens.
(141 A 2023 meta-analysis by Lambrinoudaki et al. (Climacteric; 22 RCTs) confirmed that
micronized progesterone-based combined therapy was associated with significantly lower
waist circumference, body fat, and fasting insulin versus synthetic progestin regimens at
equivalent estrogen doses.[]

The biological basis for the critical window extends beyond cardiovascular biology to
hypothalamic neuroplasticity. Prolonged estrogen deficiency induces structural changes
in the appetite-regulating neuronal networks that may be only partially reversible,
reducing the brain's capacity to respond to hormone therapy started late—even at
equivalent estrogen doses. Early initiation preserves the neural architecture through
which hormone therapy exerts its appetite-regulating and metabolic effects.



For women with insulin resistance, obesity, or type 2 diabetes requiring combined
hormone therapy, a combination progesterone and estradiol/estriol combination is a
successful method for delivery.

Recommendation Rationale Evidence
Start hormone therapy within the Preserves hypothalamic appetite circuit integrity Level | (RCT)
critical window (within ~6 years for maximum metabolic and neurotransmitter

of last period or before age 60) benefit

Prefer transdermal estradiol Avoids liver first-pass metabolism; better brain Level Il (RCT/
(patch, cream or gel) over oral bioavailability meta-analysis)
estrogen

Choose micronized bioidentical Generates allopregnanolone for GABA-cortisol Level Il (RCT/
progesterone over synthetic benefit; preserves serotonergic and dopaminergic cohort)
progestins effects; counteracts fluid retention; no androgenic

or glucocorticoid off-target effects

Explain to patients that appetite Impaired MC4R satiety signaling parallels inherited Level Il
changes have a neurobiological appetite circuit dysfunction; supports combined (Mechanistic)
basis hormonal and behavioral treatment over

willpower-based approaches alone

Conclusion

Estrogen and progesterone form a hormonal unit whose coordinated action is central to
energy balance across the female lifespan. Their simultaneous decline at menopause
disrupts five interconnected brain systems: serotonin, dopamine, GABA, noradrenaline,
and the hypothalamic melanocortin appetite circuit, collectively driving increased
hunger, reduced calorie burning, leptin resistance, and visceral fat accumulation.
Progestogen choice substantially modifies these effects: bioidentical progesterone
reinforces estrogen's metabolic actions; synthetic progestins blunt them. Transdermal
bioidentical estradiol with bioidentical progesterone, initiated within the early
menopausal window, is the most evidence-supported strategy for limiting menopausal
metabolic deterioration. Clinicians should frame combined hormone therapy not simply
as symptom control, but as a targeted intervention in the neuroendocrine systems that
govern weight and metabolic health.
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