
Meno pause marks a sig nif i cant shift in women’s metabolic

health. While many fac tors in flu ence weight, in clud ing eth nic ity and

life style, a com mon ex pe ri ence is weight gain due to in creased fat

mass and de creased lean mus cle mass.1 This tran si tion un der scores

the crit i cal role of es tro gen in main tain ing healthy ad i pose tis sue.

1. The Role of Es tro gen De ple tion in Adipocyte Dys func tion

Obe sity has been iden ti fied as an im por tant mod i fier of re pro -

duc tive hor mones. How does es tro gen de ple tion con trib ute to adi -

pocyte dys func tion? Most data on es tro gen’s role in obe sity patho -

genesis de rive from pre clin i cal stud ies in volv ing cells or an i mals de -

void of es tro gen.2 The most abun dant es tro gen re cep tor in ad i pose

tis sue is es tro gen re cep tor al pha (ERa). With de ple tion of ERa in fat

cells, sev eral sig nif i cant cel lu lar con se quences fol low in clud ing al -

tered adipocyte dif fer en ti a tion, im paired lipid me tab o lism, in creased

in flam ma tion, in creased ox i da tive stress and re duced in su lin sen si -

tiv ity. Dis rup tion of ERa sig nal ing causes im bal ances be tween lipo -

genesis, lipolysis, and fatty acid up take and re lease, partly through

the in hi bi tion of peroxisome proliferator-ac ti vated re cep tor gamma

(PPARg) coactivator re cruit ment.3 In the ab sence of ERa, in flam ma -

tory path ways be come dysregulated, lead ing to in creased pro duc -

tion of pro-in flam ma tory cytokines such as IL-6 and TNFa. The ab -

sence of Era sig nal ing also in crease cel lu lar subsceptibility to ox i da -

tive dam age such as stim u la tion from pro-in flam ma tory cytokines

(e.g., TNF-a, IL-6), which fur ther am plify in flam ma tory sta tus and

con trib ute to cel lu lar se nes cence. Se nes cent adipocytes se crete

pro- in flam ma tory mol e cules such as chemokines and pro teas es, cre -
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Fig ure. White Ad i pose Tis sue (WAT) dys func tion in es tro gen de ple tion.
In the ab sence of es tro gen, such as dur ing meno pause, pro-in flam ma tory cytokines like IL-6 and TNFa in crease, re cruit ing im mune cells to ad i pose tis sue
and am pli fy ing in flam ma tion. This pro cess el e vates ox i da tive stress, lead ing to cel lu lar se nes cence and the se cre tion of pro-in flam ma tory fac tors. Se nes -
cent adipocyte pro gen i tors con trib ute to chronic in flam ma tion, lose dif fer en ti a tion ca pac ity, and cause adipocyte hy per tro phy. Hy per tro phic adipocytes
be come in su lin-re sis tant, in ef fi ciently uti lize glu cose, and, upon reach ing stor age lim its, cause lipid over flow into other tis sues (ectopic fat de po si tion).
These changes im pair cal o rie burn ing, pro mote en ergy im bal ance, and con trib ute to weight gain.
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at ing a pro-in flam ma tory microenvironment which am pli fies ox i da -

tive stress and in flam ma tion, pro motes fur ther se nes cence in neigh -

bor ing cells and con trib utes to in su lin re sis tance, a ma jor hall mark of 

met a bolic dys func tion.4 These se nes cence fat cells lose their abil ity

to di vide but still re main met a bol i cally ac tive and se cret ing harm ful

sub stances, col lec tively known as the se nes cence-as so ci ated se cre -

tory phe no type (SASP).

Se nes cent adipocyte pro gen i tors also lose their abil ity to dif fer -

en ti ate, re duc ing the turn over of healthy adipocytes and lead ing to

the ac cu mu la tion of hy per tro phic adipocytes. These en larged adi -

pocytes ex hibit re duced in su lin sen si tiv ity and in creased lipid stor -

age, ex ac er bat ing dys func tion and pro mot ing met a bolic com pli ca -

tions such as in su lin re sis tance5 (Fig ure).

2. The Role of Es tro gen in Body Fat Dis tri bu tion

Meno pause can sig nif i cantly im pact a woman’s body shape

from “Pear” to “Ap ple”, which in di cates to store more fat in their hips 

and thighs in premenopausal sta tus to a ten dency for fat to ac cu mu -

late more around the ab do men af ter meno pause. How does this

hap pen ?

Es tro gen plays a crit i cal role in white ad i pose tis sue (WAT) he -

alth through mod u lat ing adipocyte pro gen i tor cell bi ol ogy and adi -

pogenesis in WAT.6 WAT, com posed of white adipocytes, is the most

abun dant ad i pose tis sue in the body and is dis trib uted as sub cu -

taneous fat, vis ceral fat and bone mar row fat. Sub cu ta ne ous ad i -

pose tissue ex hib its met a bol i cally pro tec tive prop er ties, while vis -

ceral fat is more closely linked to met a bolic dys func tion. Adipocyte

pro gen i tors dif fer be tween sub cu ta ne ous and vis ceral fat tis sues

and re spond dif fer ently to es tro gen de ple tion. Es tro gen de ple tion

re duces the proliferative ca pac ity and dif fer en ti a tion po ten tial of

sub cu ta ne ous pro gen i tors. This dis rupts the bal ance of anti- adipo -

genic and pro-adipogenic sig nals, lead ing to in ef fi cient turn over of

adipocytes.7 In con trary, vis ceral pro gen i tors are more sen si tive to

the pro-in flam ma tory ef fects of es tro gen de ple tion. Un der con di -

tions of ex cess nu tri ents, the may ex hibit en hanced dif fer en ti a tion

into adipocytes con trib ut ing to vis ceral fat ex pan sion.6 There fore,

es tro gen de ple tion al ters the bal ance be tween sub cu ta ne ous and

vis ceral fat, lead ing to an in crease in vis ceral fat ac cu mu la tion. Se -

veral stud ies have shown that an in crease in vis ceral or cen tral ad i -

pos ity is as so ci ated with the most sig nif i cant risk of mor tal ity in

women. Thus, weight con trol has be come one of ma jor women he -

alth’s con cerns.

3. Strat e gies to Mit i gate Adipocyte Dys func tion

Sev eral strat e gies have been pro posed to dis rupt the vi cious

cycle of ox i da tive stress, chronic in flam ma tion, ad i pose tis sue se nes -

cence, and met a bolic de range ments. These in clude life style mod i fi -

ca tions, weight man age ment, and, in some cases, hor mone ther apy.

For in stance, re duc ing over all cal o rie in take can de crease fat mass

and en hance in su lin sen si tiv ity.8 Adopt ing a Med i ter ra nean diet —

rich in fruits, veg e ta bles, whole grains, lean pro teins, and healthy

fats — can im prove in su lin sen si tiv ity and lower in flam ma tion. Reg u -

lar phys i cal ac tiv ity, in clud ing aer o bic and strength train ing ex er cises, 

can also en hance in su lin sen si tiv ity, in crease mus cle mass, re duce

inflammation, and pro mote fat loss.9 Emerg ing ther a pies such as

senolytics (drugs that tar get and elim i nate se nes cent cells) and

senomorphics (agents that mod u late SASP) are be ing ex plored to

mit i gate the ef fects of se nes cent adipocytes, re duce in flam ma tion,

and im prove over all ad i pose tis sue health.10 Ad di tion ally, GLP-1 re -

cep tor agonists (GLP-1 RAs) are widely uti lized to en hance ad i pose

tis sue func tion and met a bolic out comes. By ac ti vat ing GLP-1 re cep -

tors, these ther a pies tran siently in crease cir cu lat ing IL-6 lev els, sti -

mulate adipocyte lipolysis and thermogenesis, and pro mote adi -

pocyte hy per pla sia rather than hy per tro phy. This shift sup ports in -

creased en ergy ex pen di ture and im proved in su lin sen si tiv ity, mak ing 

GLP-1 RAs a prom is ing in ter ven tion for met a bolic health.11

4. Con clu sion

Meno pause-in duced es tro gen de ple tion sig nif i cantly im pacts

ad i pose tis sue func tion, lead ing to cel lu lar se nes cence, in flam ma -

tion, and met a bolic com pli ca tions. While these changes are part of

the nat u ral ag ing pro cess, they can be mit i gated through di etary ad -

just ments, phys i cal ac tiv ity, and emerg ing med i cal in ter ven tions.

Con sis tent life style changes re main cru cial for long-term health im -

prove ments, while new ther a pies of fer hope for ad dress ing adi -

pocyte dys func tion and re duc ing the risk of obe sity-re lated dis eases.
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