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Highlights:

® Menopause acts as a catalyst for lipedema progression through estrogen receptor
imbalance (ER{ > ERx)

* Intracrine estrogen excess sustains inflammation, fibrosis, and adipose tissue dysfunction in
lipedema

® Adipose tissue in lipedema shows upregulation of aromatase and 173-HSD1, and
downregulation of 173-HSD2

® Lipedema shares molecular mechanisms with endometriosis, adenomyosis, fibroids, and other
estrogen-driven gynecological disorders

® Menopause exacerbates adipose tissue dysfunction via loss of ERa signaling,
mitochondrial dysfunction, and chronic inflammation

e Therapeutic targets include estradiol restoration, progestin modulation, and metabolic
interventions such as tirzepatide

Abstract

Lipedema is a chronic, estrogen-sensitive adipose tissue disorder characterized by disproportionate
subcutaneous fat accumulation, fibrosis, inflammation, and resistance to fat mobilization. Despite its
high prevalence, lipedema remains poorly understood and frequently misdiagnosed. This narrative
review proposes a novel pathophysiological model in which menopause acts as a critical turning
point in the progression of lipedema, driven by estrogen receptor imbalance (ERf predominance over
ERa), intracrine estrogen excess, and adipose tissue dysfunction. We demonstrate how menopause-
induced estrogen deficiency amplifies adipose tissue dysfunction by suppressing ERa signaling,
enhancing ER activity, and disrupting mitochondrial function, insulin sensitivity, and lipid
oxidation. Concurrently, the upregulation of aromatase and 178-HSD1, combined with the
suppression of 173-HSD2, sustains localized estradiol excess, perpetuating inflammation, fibrosis,
and immune dysregulation. The molecular signature observed in lipedema closely mirrors that of
other estrogen-driven gynecological disorders, such as endometriosis, adenomyosis, and uterine
fibroids. Understanding these molecular mechanisms highlights the pivotal role of menopause as a
catalyst for disease progression and provides a rationale for targeted therapeutic strategies, including
hormonal modulation and metabolic interventions. This review reframes lipedema as an estrogen
receptor— driven gynecological disorder, offering a new perspective to improve clinical recognition,
diagnosis, and management of this neglected condition.
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1. Introduction

Lipedema is an inflammatory disease of the subcutaneous adipose tissue, characterized by a
disproportionate, symmetrical, and painful accumulation of fat that is resistant to caloric deficit [1]. It
has a strong hormonal component, with evidence suggesting an imbalance in the distribution of
estrogen receptors within the adipose tissue, leading to adipocyte hypertrophy, inflammation, and
fibrosis [2]. The condition tends to emerge or worsen during periods of significant hormonal
fluctuation in a woman'’s life, such as menarche, pregnancy, and menopause [3,4].

Menopause represents a critical window for the onset or exacerbation of cardiometabolic
alterations, including increased insulin resistance, dyslipidemia, and low-grade systemic
inflammation. These changes are accompanied by a progressive redistribution of body fat, with an
increase in visceral adipose tissue, even in the absence of significant weight gain [5].

Consequently, the prevalence of metabolic syndrome rises substantially during the
perimenopausal period, which may synergistically interact with the inflammatory
microenvironment of adipose tissue affected by lipedema. This interaction further promotes
endothelial dysfunction, greater fluid retention, and exacerbation of pain and resistance to fat
mobilization [6].

Additionally, greater fluctuations in systemic estradiol levels during the menopausal transition
profoundly affect adipose tissue metabolism by altering the expression of estrogen receptors. This
shift favors a predominance of estrogen receptor beta (ERP) over alpha (ERa), thereby amplifying
local inflammation and aggravating lipedema [2,6].

Longitudinal studies indicate that the menopausal transition is associated with both structural
and functional vascular changes, such as increased carotid intima-media thickness, arterial stiffness,
and endothelial dysfunction [7]. Combined with the loss of estradiol’s vasodilatory and anti-
inflammatory effects, these changes may further impair the already compromised microvascular and
lymphatic systems in patients with lipedema, worsening venous congestion, edema, and
perpetuation of chronic pain.

In this context, the present narrative review aims to critically integrate current knowledge on the
hormonal influence in the pathophysiology of lipedema, with a particular focus on menopause as a
clinical and molecular catalyst for disease progression. This paper will address the mechanisms of
estrogen dysregulation, intracrine estrogen production, progesterone resistance, the metabolic
impact of hormonal deficiency, and the therapeutic implications for managing lipedema in
climacteric women.

2. Methodology

This work is a narrative review aimed at developing an integrated pathophysiological model
that explains how menopause acts as a critical turning point in the clinical progression of lipedema,
with a focus on estrogen receptor imbalance, intracrine estrogen production, and adipose tissue
dysfunction.

The selection of literature was based on a comprehensive search of the PubMed, Scopus, and
Web of Science databases up to May 2025. Keywords used included combinations of: “lipedema”,
“estrogen receptors”, “ERa”, “ERB”, “intracrine estrogen”, “adipose tissue dysfunction”, “menopause”,
“aromatase”, “17p-HSD”, “progesterone resistance”, “fibrosis”, and “inflammation”. No language or date
restrictions were applied to maximize the retrieval of relevant studies.

The literature included original research articles, molecular studies, clinical studies, and previous
reviews that specifically addressed the molecular biology of estrogen signaling, adipose tissue
endocrinology, and gynecological hormone-sensitive disorders (e.g., endometriosis, adenomyosis,
and uterine fibroids) in relation to lipedema.

Articles were selected based on their relevance to the following domains:

(1) estrogen receptor signaling (ERc, ER() in adipose tissue;
(2) intracrine estrogen metabolism via aromatase, 17p3-HSD1, and 17p3-HSD2 enzymes;
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(3) the role of menopause-induced estrogen deficiency in adipose tissue dysfunction;
(4) the immunometabolic consequences of receptor imbalance, including inflammation and fibrosis;
(5) parallels between lipedema and other estrogen-driven gynecological disorders.

This methodology does not follow the structure of a systematic review but rather integrates
mechanistic evidence from molecular endocrinology, adipose biology, and gynecology to propose a
novel conceptual framework. The purpose is to advance the scientific understanding of lipedema as
a hormone-driven disorder, particularly in the context of menopause.

3. Discussion

3.1. The Role of Estradiol and Its Receptors

The effect of estradiol on tissues is not absolute but depends on the functional balance between its
two main nuclear receptors, ERa and ERp, which often exert opposing and complementary actions.

ERa presents a predominantly anabolic, proliferative, and homeostatic profile, favoring the
healthy expansion of subcutaneous adipose tissue, insulin sensitivity, extracellular matrix balance,
and cardiovascular protection. On the other hand, ERP acts as a negative modulator, with
antiproliferative and antiadipogenic effects, functioning as a physiological brake on the effects of
ERa. However, when there is pathological overexpression of ERf3—as occurs in lipedema—this
balance is disrupted, leading to the loss of ERa’s beneficial effects on tissue homeostasis. This
contributes to adipocyte dysfunction, chronic inflammation, fibrosis, and resistance to lipid
mobilization, characterizing the pathological environment of lipedema [6,8].

The interdependence of these receptors is evidenced by the fact that both compete for the same
estrogen response elements (EREs) in the DNA and for the same estradiol molecule, dynamically
modulating the biological effects of the hormone. In menopause and in conditions such as lipedema,
there is a reduction in ERa expression and a relative increase in ER[ expression, resulting in
adipocyte dysfunction, inflammation, fibrosis, and insulin resistance [9]. This mechanism explains
why estrogen deficiency leads not only to the loss of cardiovascular protection but also to metabolic
deterioration and increased central adiposity.

Another relevant aspect is the capacity of subcutaneous adipose tissue to synthesize estrogens
locally through steroidogenic enzymes such as aromatase (CYP19A1) and 178-HSD, favoring a
sustained autocrine/paracrine cycle of estrogenic activation. This local production could intensify
signaling via ER(3, with reduced action on ERa, and consequently promote the progressive growth
of the affected adipose depots. The combination of a local environment with an imbalance in estrogen
receptors, increased intratissue estrogen production, and alterations in the expression of nuclear
coregulators may, therefore, constitute a central axis in the pathophysiology of lipedema [3].

Under physiological conditions, there is a functional balance between ERa and ERf receptors.
However, in women with lipedema, this balance is lost. Histological studies demonstrate that in the
affected areas, there is a reduction in ERa expression and a relative increase in ER{3, which leads to
an alteration in local sensitivity to estrogenic action, favoring a phenotype resistant to fat mobilization
[2,10,11].

Estrogen signaling in adipose tissue critically regulates the distribution of female body fat, with
ERa promoting lipogenesis and triglyceride storage in the gluteofemoral regions. This regulation
occurs both through increased free fatty acid uptake via activation of lipoprotein lipase (LPL) and
through the suppression of lipolysis via upregulation of a2A adrenergic receptors, along with greater
stimulation of angiogenesis via VEGEF. This, associated with ER3 dominance —which is common in
lipedema —inhibits mitochondrial biogenesis, reducing the oxidative capacity of the tissue [2].

Menopause directly contributes to this dysregulation: several studies demonstrate that during
the climacteric, there is a downregulation of ERx and a compensatory upregulation of ERf in adipose
tissues, which further amplifies the estrogenic imbalance in women predisposed to lipedema [6,12].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.2. Intracrine Production of Estradiol in Adipose Tissue

Adipose tissue acts not only as a hormonal target but as an active center of estrogen synthesis.
Local estrogen production and intracrine signaling via ERa and ERp directly influence lipogenesis,
lipolysis, and tissue health in pre- and postmenopausal women, supporting the idea of an
autonomous and functional hormonal microenvironment [13]. In lipedema, there is enzymatic
dysregulation in the affected adipose tissue: the expression of 173-hydroxysteroid dehydrogenase
type 1 and 7—an enzyme that converts estrone into active estradiol —increases 2-fold in lipedema
adipocytes [10,14], along with greater CYP19A1 (aromatase) activity. This asymmetry creates an
autonomous hyperestrogenic microenvironment in lipedematous tissue, sustaining a cycle of
pathological adipogenesis even in the presence of low systemic estradiol levels [2,10,11].

In menopause, there is an android redistribution of fat caused by the reduction in estradiol levels.
At the same time, lipedematous tissue maintains local hyperestrogenism via overexpression of
aromatase/173-HSD1, preferentially activating ER{3, causing dysregulated adipogenesis and fibrosis [2].

3.3. Progesterone Resistance

Progesterone plays a fundamental protective role in adipose tissue homeostasis, acting on
adipocyte differentiation, modulation of inflammation, and inhibition of steroidogenic enzymes [12].
However, in lipedema, there is consistent evidence of tissue resistance to progesterone, especially in
the affected regions.

This resistance is manifested by the reduction in the expression and activity of 173-HSD2, which
converts active estradiol into inactive estrone. The deficiency of this enzyme keeps estradiol
biologically active for a longer time, favoring continuous estrogenic signaling via ERP and
aggravating adipogenesis and chronic inflammation.

Lipedema shares pathophysiological mechanisms with several estrogen-dependent
gynecological diseases, such as endometriosis, adenomyosis, and uterine fibroids [14]. These
mechanisms involve increased activity of 173-HSD1 and aromatase, which convert estrone (E;) into
estradiol (Ey), associated with the reduction of 173-HSD caused by resistance to progesterone action,
responsible for inactivating E; into E;, resulting in local accumulation of estradiol in adipose tissue.
This trapping of estradiol intensifies signaling via the ERf3 receptor, favoring inflammation, fibrosis,
and pathological expansion of adipose tissue —central characteristics of lipedema [15,16].

This mechanism creates a self-sustaining cycle of lipedema worsening. Progesterone ceases to
fulfill its stabilizing function, and intracrine estradiol keeps the adipose tissue in an activated
inflammatory state and resistant to regression—a scenario characteristic of lipedema, especially after
menopause. More active estradiol in adipose tissue poorly responsive to progesterone perpetuates a
state favorable to the progression of the disease [2,14].

3.4. How Menopause Affects Lipedema

The menopausal transition is marked by a progressive decline in estradiol levels and an alteration in
the balance of estrogen receptors, with reduced ERa activity and a relative increase in ERf3.

This imbalance disrupts the homeostasis of female adipose tissue and triggers metabolic,
inflammatory, and structural changes that impact both subcutaneous and visceral fat depots.(Figure 1).

Metabolically, estrogen deficiency promotes a redistribution of body fat from a gynoid to an
android pattern, with visceral fat accumulation—even in the absence of weight gain. This
phenomenon is associated with increased lipoprotein lipase (LPL) activity in visceral tissue, tissue
hypoxia (tHIF-1a), inflammation (1IL-6, IL-18), and reduced lipogenesis [6,17].

In addition, a state of low-grade chronic inflammation is established, characterized by the
activation of inflammatory pathways NF-kB and JNK, increased infiltration of pro-inflammatory
macrophages (M1), and elevated cytokines TNF-a, IL-6, and IL-1{3. At the same time, mitochondrial
dysfunction reduces the basal metabolic rate, promoting sarcopenia, fat accumulation, and insulin
resistance [18,19].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Menopause as a Catalyst for Lipedema Progression
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Figure 1. Menopause as a driver of lipedema progression. Hormonal imbalance (JERa / 1ER), insulin resistance,
mitochondrial dysfunction, and immune dysregulation (M1 macrophage predominance) converge to exacerbate

adipocyte dysfunction, inflammation, fibrosis, edema, and pain in lipedema.

In the context of lipedema, this new hormonal and metabolic configuration acts as a catalyst for
the disease. The imbalance between ERa (]) and ER( (1)—described both in menopause and in
lipedema—amplifies the anti-lipolytic, pro-inflammatory, and pro-fibrotic effects in subcutaneous
adipose tissue [20-22]. This scenario promotes PPARYy activation, increased glucose uptake (via
GLUT4) and free fatty acid uptake (via LPL), associated with suppression of lipolysis (fa AR/|BAR)
and mitochondrial dysfunction.

Another key mechanism is the intensification of intracrine estradiol production in the affected
adipose tissue, mediated by the overexpression of the enzymes aromatase and 178-HSD1. In the
absence of the systemic hormonal control typical of the reproductive years, this local pathway
perpetuates adipogenesis, inflammation, and fibrosis. The coexisting progesterone resistance further
worsens this scenario by reducing the activity of the enzyme 17(3-HSD2, responsible for converting
active estradiol into inactive estrone, thereby amplifying local estrogenic signaling [2,10,14].

From an immunological perspective, there is a shift from an anti-inflammatory phenotype —
characterized by the predominance of M2 (CD163+) macrophages—to a pro-inflammatory profile,
with an increase in M1 macrophages and greater expression of inflammatory cytokines such as IL-6,
TNF-a, and IL-1p [14,21], which accelerates the development of fibrosis and lymphatic dysfunction.

Clinically, both the worsening of pre-existing conditions and the onset of late-onset lipedema
after menopause are observed, often presenting with more severe forms that are resistant to
conventional treatment [23]. This pattern is directly related to the new hormonal environment of the
climacteric, characterized by systemic estradiol deficiency, ER3 dominance, progesterone resistance,
and low-grade chronic inflammation. Recognizing this pattern is essential for diagnostic and early
intervention strategies, especially in women in perimenopause or early menopause.

Even in the absence of weight gain, menopause promotes a preferential redistribution of fat to
the visceral compartment, with a relative reduction in fat in the lower limbs. In lipedema, where
subcutaneous tissue already presents inflammation, resistance to lipid mobilization, and metabolic
dysfunction, the loss of estrogenic regulation worsens this condition, intensifying fat accumulation
in already compromised areas [9,24].

Therefore, in the context of lipedema, menopause not only exacerbates pre-existing
mechanisms—such as inflammation, fibrosis, lymphatic dysfunction, and resistance to lipid
mobilization—but also acts as a trigger for the emergence of more severe and refractory forms of the
disease.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.5. Therapeutic Implications

The understanding of menopause as a catalyst for the progression of lipedema profoundly
redefines the therapeutic approach to this condition. The identification of specific hormonal and
metabolic targets, especially in the context of estrogen deficiency during the climacteric, allows for
more personalized, preventive, and potentially more effective strategies (Figure 2).

Hormone replacement therapy, especially with transdermal bioidentical estradiol, constitutes a
fundamental intervention in protecting adipose tissue against the deleterious changes induced by
menopause. Robust evidence indicates that estradiol, via predominant activation of the ERa receptor,
plays a central role in preserving metabolic homeostasis, modulating inflammation, and preventing
tissue fibrosis [6,25].

Therapeutic Targets in
Menopausal Lipedema

Transdermal W (
Estradiol Therapy Progestins
1 ERce Drospirenone
a Gestrinone
- anti-inflammatory,
anti-fibrotic $l\7rgr—'nl_§aDsze
- restores
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& /
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Figure 2. Therapeutic strategies for menopausal lipedema. An integrated approach combining transdermal
estradiol therapy (to restore ERa signaling), targeted progestins (drospirenone or gestrinone) to modulate
intracrine estrogen production and progesterone resistance, tirzepatide for metabolic and antifibrotic effects, and

lifestyle-based metabolic support.

The timing of HRT initiation is a critical factor for its benefits. Starting estrogen replacement
early, during the menopausal transition or in the first years after menopause, is essential to avoid
dysregulation of the balance between estrogen receptors —characterized by the reduction of ERa and
the relative increase of ER{. This imbalance is central in the pathogenesis of inflammation, fibrosis,
and lymphatic dysfunction observed in lipedema [7,24]. This concept, aligned with the HRT timing
hypothesis, already consolidated in cardiovascular and neurocognitive health, should also be equally
applied to the pathophysiology of adipose tissue.

In addition to the therapeutic window, the route of administration and the site of estradiol
application are relevant clinical considerations in the context of lipedema. Given the hyperactivity of
intracrine estradiol production in the affected adipose tissue—sustained by increased expression of
aromatase and 173-HSD1, along with reduced action of 173-HSD2 —the best recommendation is the use
of transdermal formulations (patches or gel) applied away from regions affected by lipedema, such as the
back, scapula, and inner part of the arms (if there is no disease). This approach minimizes local stimuli to
dysregulated steroidogenesis, contributing to better control of inflammation and fibrosis.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The choice between progestins or progesterone depends mainly on the stage of the climacteric
and the presence of associated gynecological diseases. It is known that during the menopausal
transition (STRAW -2 and -1), the choice of progestins combined with estradiol use can be a good
option due to the fluctuations of estradiol in this phase. Progestins would have a central effect in
reducing the amplitude of pulsatile LH and FSH secretion, minimizing the risk of bleeding associated
with HRT, and they also have greater efficacy in the HRT of women with gynecological diseases such
as adenomyosis, endometriosis, and uterine fibroids. Among the progestins that may be effective in
lipedema, there are two: Drospirenone and Gestrinone [17,26].

Drospirenone is a fourth-generation progestin derived from spironolactone, which combines
antiandrogenic and antimineralocorticoid properties, as well as modulatory effects on inflammation
and adipose tissue metabolism. Its main benefit in lipedema lies in its ability to act on progesterone
resistance, which is one of the physiopathological pillars of the disease, in addition to offering direct
anti-inflammatory effects via activation of progesterone receptors, especially PR{. This activation
leads to the reduction of pro-inflammatory cytokines such as TNF- o and IL-13 and to the increase of
anti-inflammatory cytokines such as IL-10 [14,27].

In addition, drospirenone exerts a significant anti-adipogenic effect, inhibiting the differentiation
of preadipocytes and the accumulation of triglycerides, an effect that occurs mainly through the
antagonism of mineralocorticoid receptors [32]. This directly impacts the tissue environment of
lipedema, helping to reduce fluid retention, chronic inflammation, and fibrosis, especially in the more
advanced stages of the disease. Data in postmenopausal women suggest that the association of
drospirenone with estradiol improves fat distribution, reduces central fat mass, and improves the
adipokine profile —effects that can be highly relevant in the metabolic and tissue management of
lipedema [14,30].

Gestrinone is a synthetic progestogen with a potent modulatory action on intracrine
steroidogenesis, having been used for decades in the treatment of estrogen-dependent gynecological
conditions such as endometriosis, adenomyosis, and uterine fibroids. Its action in lipedema occurs
precisely because it shares pathophysiological mechanisms with these diseases, especially in the
context of progesterone resistance, aromatase overexpression, and the imbalance of the enzymes 17[3-
HSD1 (increased) and 173-HSD2 (reduced). Gestrinone exerts a direct effect by inhibiting aromatase
and 17p3-HSD1, while simultaneously increasing the expression of 173-HSD2, favoring the conversion
of estradiol (E2) into estrone (E1), which has much lower estrogenic potency. This effect reduces the
hyperstimulation of estradiol receptors, particularly ERf3 in adipose tissue, which is one of the drivers
of inflammation, fibrosis, and lipedema expansion [14].

In addition to its effects on estradiol metabolism, gestrinone acts on overcoming progesterone
resistance by stimulating the expression of PRP receptors, which helps restore local hormonal
balance. Consequently, there is a reduction in chronic inflammation, fibrosis, and the uncontrolled
expansion of the affected adipose tissue. Contrary to common assumptions, its benefits in lipedema
are not related to the androgenic or anabolic effects of the molecule but rather to its ability to
reorganize pathological intracrine hormonal signaling, bringing control over disease progression,
especially in women with associated gynecological comorbidities [14,26].

In women with established menopause, the use of micronized progesterone (P4) is possible and
viable. It plays an essential role in endometrial protection and neuroendocrine modulation, but its
effects on adipose tissue affected by lipedema are considered metabolically neutral, with no direct
impact on the pathophysiological mechanisms of the disease. Unlike synthetic progestins such as
drospirenone and gestrinone, which act directly on intracrine modulation, P4 does not present
relevant action on these enzymes, nor antiadipogenic, antifibrotic, or robust anti- inflammatory
effects in adipose tissue [15,16,31]. Studies show that despite the presence of progesterone receptors
in subcutaneous adipose tissue [15], the activation of these receptors by natural progesterone is not
sufficient to reverse the pattern of progesterone resistance observed in lipedema, nor to modulate the
local expression of aromatase and 173-HSD enzymes, which are critical in perpetuating tissue
hyperestrogenism. P4 has a safe and well-established role in endometrial protection within hormone
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replacement therapy, as well as in the modulation of sleep, anxiety, and neuroprotection, but it does
not exert a therapeutic impact on inflammation, fibrosis, or adipocyte expansion characteristic of
lipedema, unlike progestins such as drospirenone and gestrinone, which have proven additional
mechanisms on these metabolic pathways [28,32].

Metabolic treatment is also a fundamental pillar in the management of lipedema, especially during
the climacteric. Tirzepatide represents an emerging therapeutic strategy with high potential in the
management of lipedema [33], particularly when associated with the metabolic and hormonal changes of
the climacteric. Both conditions share central pathophysiological mechanisms such as low-grade chronic
inflammation, tissue fibrosis, mitochondrial dysfunction, insulin resistance, and pathological remodeling
of subcutaneous adipose tissue, which are amplified by the menopausal transition.

The menopausal transition, in turn, worsens these mechanisms through the reduction of
systemic estradiol levels, intensification of insulin resistance, mitochondrial dysfunction, and
increased central adiposity, creating an unfavorable metabolic environment that acts as a catalyst for
the progression of lipedema [34].

In this context, tirzepatide, a dual agonist of GLP-1 and GIP receptors, offers an action profile
that simultaneously addresses the metabolic and inflammatory dysfunctions common to lipedema
and the climacteric. Its anti-inflammatory effects are mediated by modulating macrophage
polarization, with a reduction of the pro-inflammatory M1 phenotype and an increase of the anti-
inflammatory M2 phenotype, in addition to inhibiting crucial inflammatory pathways such as ERK
and NF-kB, and reducing the expression of pro-inflammatory cytokines including TNF-a, IL-6, and
MCP-1 [35,36].

At the same time, tirzepatide exerts antifibrotic effects and highly relevant metabolic
reprogramming in the pathophysiology of lipedema and metabolic syndrome of the climacteric.
Experimental data demonstrate its ability to stimulate thermogenesis through the induction of the
mitochondrial uncoupling protein UCP1 in brown adipose tissue, favoring increased energy
expenditure and the conversion of white adipocytes into beige adipocytes [38]. Moreover, GIP
receptor activation promotes the mobilization of resistant subcutaneous fat, characteristic of
lipedema, with improvement in mitochondrial function, increased lipid oxidation, and regulation of
genes involved in energy homeostasis and extracellular matrix remodeling [37,38].

These effects transcend simple weight control. By acting on metabolic, inflammatory, and fibrotic
pathways, tirzepatide offers unique benefits in the context of lipedema associated with the
climacteric—a condition in which fat accumulation is not merely the result of a positive energy
balance but rather of a complex hormonal, inflammatory, and bioenergetic dysfunction sustained by
intracrine estrogen production, estrogen receptor imbalance, and progesterone resistance.

Results already consolidated in models of other fibrotic and metabolic diseases—such as
metabolic-associated steatohepatitis (MASH) and heart failure with preserved ejection fraction
(HFpEF) —corroborate the potential of tirzepatide in reducing not only adipose tissue volume but also
in attenuating processes of chronic inflammation, fibrosis, and mitochondrial dysfunction, which are
directly implicated in the progression of lipedema during the climacteric [39].

Therefore, by integrating metabolic, anti-inflammatory, antifibrotic, and tissue reprogramming
effects, tirzepatide stands out as a therapeutic intervention with unique potential to address the
clinical challenges imposed by the intersection of lipedema with the metabolic and hormonal changes
of menopause, offering a physiopathologically grounded and metabolically restorative approach.

4. Conclusions

This narrative review, despite its limitations —especially for being a narrative review based on
pathophysiological models and observational data still lacking robust validation in clinical trials
specific to lipedema — offers an expanded and coherent understanding of the mechanisms that make
menopause a critical point in the progression of the disease.

The systemic decline of estradiol, combined with the exacerbated intracrine production of
estradiol in the affected adipose tissue —sustained by the overexpression of aromatase and 173- HSD1
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and the deficiency of 173-HSD2 —associated with the imbalance of estrogen receptors (ERp > ERa),
creates a hormonal and inflammatory microenvironment that accelerates processes of adipocyte
hypertrophy, inflammation, fibrosis, and resistance to lipid mobilization.

In addition to hormonal mechanisms, menopause induces profound metabolic changes, with
increased insulin resistance, low-grade chronic inflammation, mitochondrial dysfunction, and
redistribution of fat to the visceral compartment—phenomena that synergistically add to the
pathophysiology of lipedema, making this phase of life particularly critical for disease progression.

In this scenario, it becomes evident the need for strategic therapeutic changes during the
climacteric. Transdermal hormone therapy with estradiol, as long as it is applied away from the
affected areas (such as the back and the inner part of the arms), emerges as a central intervention in
modulating the imbalance between ERa and ERf, in protecting against inflammation, and in
preventing fibrosis.

Equally important, the use of progestins with metabolic and anti-inflammatory action, such as
drospirenone and gestrinone, goes beyond endometrial protection. These molecules act directly on
the modulation of progesterone resistance, the reduction of aromatase and 173-HSD]1, and the partial
restoration of intracrine balance, combating the mechanisms that sustain the progression of lipedema.

Complementing this therapeutic axis, tirzepatide emerges as an innovative metabolic strategy
with unique benefits in the context of climacteric lipedema. By acting on the GLP-1 and GIP
pathways, tirzepatide offers multiple effects aligned with the main metabolic dysfunctions of
menopause and lipedema, including: reduction of insulin resistance; improvement of mitochondrial
function; activation of thermogenesis and increased energy expenditure; reduction of chronic
inflammation and tissue fibrosis; and a direct action in adipose tissue remodeling, breaking the cycle
of inflammation-fibrosis-hypertrophy.

Unlike isolated GLP-1 analogs, the dual action of tirzepatide allows not only fat loss but also the
partial reversal of the tissue dysfunction characteristic of lipedema, especially when this dysfunction
is amplified by the hormonal and metabolic changes of the climacteric.

Therefore, recognizing menopause as a decisive pathophysiological milestone in lipedema not
only strengthens the understanding of the mechanisms of disease worsening but also redefines the
therapeutic approach. The integration of personalized hormonal modulation (transdermal estradiol
and specific progestins) with advanced metabolic interventions, such as tirzepatide, constitutes a
concrete opportunity to transform the care of these women into a scientific, individualized, and more
effective strategy.

5. Limitation

This review is based on an integrative pathophysiological model derived from observational
data, molecular biology, and extrapolations from related estrogen-dependent disorders. Despite the
biological plausibility and strong mechanistic rationale, the lack of specific randomized clinical trials
in lipedema populations represents a limitation. Future studies should aim to validate these
mechanisms and the proposed therapeutic interventions.
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