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Abstract 
Obesity is one of the complications of menopause. Menopausal 
obesity (MO) may progress to high-risk MO (high cardiovascular 
risk menopausal obesity; HRMO), which is associated with clinical 
cardiovascular disease and shortened lifespan. Weight control is the 
key to preventing MO/HRMO. Estrogen in the form of menopausal 
hormone treatment (MHT) has been shown to prevent or retard the 
development of MO and the development of intrathoracic visceral 
fat. This article reviews the mechanisms by which estrogen, as MHT, 
may prevent or improve MO and its progression to HRMO. We 
present this personal perspective to emphasize this clinical effect of 
MHT as further justification for its use in menopausal women.
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A lthough attention has been given to many of the 
symptoms, metabolic disorders and disease states that 

accompany the menopause transition and beyond, obesity, 
one of the most common and portentous accompaniments 
of the menopause, has not received sufficient attention. 
Yet, menopausal obesity (MO) is as predictable as vaso
motor symptoms and is as material to the woman’s long- 
term health outcome as any of the other changes that 
women face in their postreproductive years. Here, we re
view what is known about obesity/adipose accumulation in 
menopausal women, address the role of estrogens (estra

diol and other compounds that modulate estrogen receptor 
[ER] action) in the accumulation of adipose tissue, the ef
fects of estrogen deprivation on obesity, assess the extant 
clinical methods of evaluating obesity and review the re
lationship of obesity to cardiovascular risk factors.

The evidence supports that the usual increase in fat 
mass in postreproductive women, MO, the amount and 
location of visceral adipose accumulation and their effect 
on cardiovascular risk are all associated with decreased 
circulating estrogen. This leads us to posit that prevention 
of harmful visceral adipose tissue (VAT) (high-risk 
menopausal obesity; HRMO) and increased cardiovas
cular risk factors may be an important aspect of the 
evaluation and treatment of postreproductive women.

We conclude that although the recent introduction 
of antiobesity drugs has captured the attention of the 
general population, the antiobesity action of estrogen on 
postmenopausal women should remain an important 
consideration in their total clinical management.

OBESITY
Obesity (excess fat accumulation) is a serious and 

growing global health problem. The global age-standard
ized prevalence of obesity increased from 8.8% (8.5-9.1) in 
1990 to 18.5% (17.9-19.1) in 2022 in women.1 Obesity 
increases significantly after 40 years of age, particularly 
when the perimenopause begins. In the United States, 47% 
of women between 40 and 59 years of age and 40% over the 
age of 60 are obese (body mass index [BMI] ≥ 30 kg/m2).2
However, obesity is a heterogeneous condition and 
calculation of the BMI offers only limited diagnostic and 
management insights.3 For example, about 30% of BMI- 
diagnosed obese men and women are free of cardiometa
bolic risk (no hypertension, dyslipidemia, or disturbances 
in glucose metabolism and metabolic abnormalities) while 
these comorbidities occur in 20%-30% of people with 
nominally normal BMIs.4 Moreover, obesity is not a static 
situation; low-risk obese individuals may transition to high 
risk for morbidities.5-7 More meaningful measures, more 
exact evaluation of adipose accumulation and consider
ation of treatment are needed.8-10

OBESITY, BODY COMPOSITION, AND 
CARDIOVASCULAR RISK

MO, an Ill-defined but common entity
The menopause signals the complete depletion of 

ovarian follicles and their secretion of estrogen. This 
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milestone is signified by the cessation of menstruation for 
at least 12 months. In the United States, the average age 
for menopause is 51, but the transition begins 5-10 years 
before a woman’s final period and is characterized by 
menstrual cycle variability and extreme fluctuations in 
circulating estradiol and gonadotropins.11

Changes in BMI and weight that accompany aging 
and changes in body composition are related to repro
ductive hormone changes.12 The prospective Study of 
Women’s Health Across the Nation (SWAN) demon
strated that accelerated gains in fat mass and losses of 
lean mass are related to the menopause transition rather 
than aging, per se.13

Since the estrogen synthetase (aromatase)-express
ing compartments of the ovaries are absent, the post
menopausal woman is androgen-dominant. Androgens 
are associated with decreased insulin sensitivity, increased 
lean body mass, and increased cardiovascular risk 
factors.14,15 Initially, when Chang and Judd reported a 
fall of circulating estrogen and ring A-reduced androgens, 
but not androstenedione or testosterone, during the 
menopause, they associated this with the development 
of an “apple shape” due to superficial adipose tissue 
(SAT).16 However, the main neuroendocrine and meta
bolic ill-effects are due to the fall of circulating estrogen 
levels, which is accompanied by alterations in energy 
homeostasis and increases in intra-abdominal and intra
thoracic VAT.10,13,17,18

During the menopause transition, increases are seen 
in VAT, leading to a shift from a gynoid to an android 
pattern of fat distribution.11,14,15,19-24 A study from the 
Michigan SWAN site estimated a 6% increase in waist 
circumference, 10% increase in fat mass, and 1% decrease 
in skeletal muscle mass over 6 years, which persisted even 
after adjusting for chronological age.25 In this longi
tudinal analysis, increasing follicle-stimulating hormone 
levels were positively associated with increases in fat mass 
during the menopause transition (r = 0.12 [95% CI: 0.09- 
0.16]).25,26 It may be presumed that the changes are the 
result of decreased estrogen that drove up the follicle- 
stimulating hormone levels, but this has not been tested.

Individuals of similar BMI often have different 
cardiovascular risks. On the other hand, it has been 
shown that in menopausal women with BMI-defined MO, 
the central and VAT can be associated with different risks 
for cardiovascular disease (CVD).4-9,27 Furthermore, the 
passage from MO to HRMO is inversely related to the 
circulating estrogen levels, and timely estrogen treatment 
of menopausal women with low cardiovascular risk 
factors avoids increases in risk factors ( Fig. 1).10

Estrogen and fat
Adipose tissue is the largest contributor of estrogen 

after menopause. However, on a per-gram basis, fat 
expresses very low levels of aromatase. The low per-gram 
fat estrogen production during the reproductive years 
likely has little implication for anything other than the 
local adipose tissues.28 There are no studies on the general 
health importance of aromatization by fat.29

Studies on long-term aromatase inhibitor treatment 
and effects on cardiovascular mortality have had conflict
ing results.29,30 An increase in the percent fat body mass 
and insulin resistance occur during long-term aromatase 
inhibitor use, which is consonant with the effects of 
estrogen withdrawal.31 Estrogen also could regulate energy 
homeostasis and fat tissue mass via neuroendocrine and/or 
peripheral nervous system effects mediated by ER isoforms 
and nonclassical pathways.32 Aromatization of androgens 
by the human hypothalamus was one of the first 
observations of “peripheral aromatization.”33 The hypo
thalamus is a major area in the central nervous system that 
controls food intake and energy expenditure. The ventro
medial, arcuate, and paraventricular nuclei, and the 
dorsomedial hypothalamus are involved in food intake and 
satiety.32-34 Evidence suggests that estrogen’s control of 
appetite and satiety regulates adiposity via molecules 
involved in orexigenic action.32 Estrogens affect food 
intake and fat distribution by modulating leptin receptor 
mRNA expression in the hypothalamic areas. This 
increases hypothalamic sensitivity to leptin, a potent 
anorexigenic and catabolic hormone secreted by adipose 
cells. This sequence of biochemical actions reduces food 
intake and increases energy expenditure.35

Receptors
Estrogen’s effects on adiposity appear to mainly 

involve estrogen receptor alpha (ERα).32,33,36,37 The first 
evidence that low estrogen/ERα signaling may be 
associated with adiposity came from studies of ERα 
knockout (ERαKO) mice; they are more susceptible to 
obesity than wild-type mice.38,39 Similarly, aromatase- 
knockout male and female mice accumulate significantly 
greater intra-abdominal adipose tissue than wild-type 
mice (P < 0.05), independent of hyperphagia.39 Energy 
expenditure is reduced in ERαKOs38 and seems to 
contribute to the increase in adiposity. In addition, 
adipose tissue and adipocyte ERα appear to play roles 
in decreasing adipocyte hypertrophy, inflammation and 
fibrosis.40 Finally, treatment of ovariectomized wild-type 
mice with 17β-estradiol has protective effects against 
developing obesity, which is not observed in ovariectom
ized ERαKO mice.41

Studies on women have suggested a protective effect of 
estrogen against body weight increase.42,43 ERα mRNA 
expression levels are reduced in adipocytes from obese 
compared with normal weight women43; however, studies 
that evaluate ERα gene polymorphism and body fat 
distribution and obesity in women have had conflicting 
results.44-47 At present, it is fair to say that while animal 
studies point to protective roles for estrogen/ER in animals, 
definitive studies of this matter remain to be reported, 
see below.

While ERα appears to play a dominant role in the 
regulation of adiposity, emerging evidence indicates that 
estrogen receptor beta (ERβ) and the G protein-coupled, 
membrane-tethered estrogen receptor (GPER) also con
tribute to adipose tissue biology and energy homeostasis 
and should not be dismissed.
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Recent experimental data suggest that ERβ influences 
mitochondrial function, energy expenditure, and adipose 
tissue phenotype, particularly under conditions of metabolic 
challenge such as ovariectomy, obesity, and aging. Pharma
cologic activation of ERβ has been associated with increased 
energy expenditure, promotion of thermogenic adipose 
tissue, and attenuation of weight gain in animal models, 
effects that are absent in ERβ-deficient mice.48

The membrane-bound GPER is increasingly recog
nized as a key modulator of metabolic homeostasis. 
Experimental models demonstrate that GPER deficiency 
leads to increased adiposity, insulin resistance, and metabolic 
dysfunction, whereas pharmacologic activation of GPER 
limits weight gain and improves metabolic parameters.49

Both ERβ and GPER are involved in the transcrip
tional and epigenetic regulation of adipocyte function, 
contributing to sexual dimorphism in body fat distribution 
and obesity risk.50 Collectively, these findings support a 
more integrated and context-dependent view in which 
ERα, ERβ, and GPER act in a complementary manner to 
modulate adipose tissue function and metabolic risk, as 
highlighted in recent comprehensive reviews.48 However, 
the translational relevance of selectively targeting ERβ or 
GPER in humans remains to be established.

Circulating endogenous estradiol, adiposity, 
and assay limitations across the female lifespan

The relationship between obesity and circulating 
estradiol is dynamic and stage-dependent across the 

female lifespan. Comparative measurements must be 
viewed with caution.

In reproductive-age women, ovarian function is the 
primary determinant of circulating estradiol concentrations, 
and the association with adiposity is complex. Moderate 
increases in body fat are often associated with higher 
estradiol levels, particularly in women with early menarche 
or sustained positive energy balance; however, both very low 
and very high adiposity can suppress estradiol secretion and 
disrupt menstrual cycle dynamics.51-53 Obesity may also 
alter follicular recruitment, antral follicle dynamics, and 
luteal function, modifying estradiol profiles even in eume
norrheic women.53 Even before puberty, obese prepubertal 
girls exhibit elevated circulating estradiol and genotoxic 
estrogen metabolites, further supporting the role of adipose 
tissue as an active extra-glandular estrogen source.54

After menopause, ovarian estrogen production de
clines markedly, and extragonadal aromatization within 
adipose tissue becomes the principal source of circulating 
estrogens. In this setting, obese postmenopausal women 
consistently demonstrate higher circulating estradiol concen
trations due to increased aromatase-mediated conversion of 
androgens in adipose tissue.55-57 The estrogenic milieu also 
shifts, with estrone predominating as the major circulating 
estrogen. Importantly, adipose tissue is not merely a passive 
site of conversion but an active endocrine organ in which 
local estrogen production, metabolism, and receptor-medi
ated signaling influence adipocyte biology and inflammatory 
pathways.58

FIG. 1. Pathophysiological model of how menopausal obesity develops into high-risk menopausal obesity. HRMO, high-risk 
menopausal obesity; MO, menopausal obesity; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue.
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All of the above measurements are highly method- 
sensitive. This is especially true during periods of low 
circulating estradiol, such as in menopausal women. 
Using highly sensitive liquid chromatography–tandem 
mass spectrometry (LC–MS/MS), Marchand et al56

demonstrated that circulating estradiol concentrations are 
strongly correlated with total body fat mass (r = 0.62; 
P ≤ 0.0001) but do not independently predict insulin re
sistance once adiposity is appropriately accounted for. 
These findings suggest that, in postmenopausal women, 
serum estradiol primarily reflects adipose tissue mass and 
aromatase activity rather than independently driving 
metabolic dysfunction. This interpretation does not neg
ate the established metabolic actions of estrogen signaling 
at the tissue level but underscores that circulating estra
diol concentrations alone may not adequately capture 
biologically relevant local estrogen exposure.

Interpretation of circulating estradiol levels crit
ically depends on assay methodology. Direct immuno
assays lack adequate sensitivity at the low concentrations 
typical of postmenopausal women and may yield inaccu
rate estimates, whereas mass spectrometry–based assays 
represent the reference standard. In severe obesity, adi
pose-derived estradiol may not be proportionally reflected 
in serum concentrations due to intracrine metabolism or 
tissue sequestration,59 and obesity-associated reductions 
in sex hormone–binding globulin may further alter es
tradiol bioavailability.60

Collectively, these data highlight the importance of 
distinguishing systemic hormone concentrations from 
local, tissue-specific estrogen signaling when interpreting 
associations between estrogens, obesity, metabolic risk, 
and hormone-sensitive cancers.

While precise estradiol concentrations require mass 
spectrometry–based assays, as was the case in the Kronos 
Early Estrogen Prevention Study (KEEPS) trial, direct 
immunoassays usually lack sufficient sensitivity in this 
range.56 Therefore, the reader is cautioned to keep in 
mind that the results reported here have not been cri
tiqued in terms of methodology. It is best to consider 
comparisons within individual studies.

Androgen-estrogen interactions
As indicated above, possible relatedness between 

estrogens and androgens in both sexes is complicated by 
the opposing effects of the sex steroids on their own 
clearance. Estrogen induces sex hormone–binding globulin 
(SHBG) in the liver, thereby causing binding of estrogens 
(and androgens) in the blood and reduced urinary clearance. 
Androgens suppress SHBG expression and increase both 
estrogen and androgen clearance. After the menopause, es
trogens plummet while androgen levels are maintained; the 
unbound or free bioavailable testosterone increases.24,61 A 
meta-analysis of observational studies found that increased 
androgenicity, characterized by high testosterone and low 
SHBG levels, is related to an adverse CVD risk factor profile 
in women (relative risk = 1.68 [95% CI: 1.15-2.45]).62

We have indicated that androgen action contributes 
to the accumulation of visceral fat and impairment of 

glucose metabolism.62 High circulating androgen levels 
have been associated with increased prevalence of 
subclinical markers of CVD in postmenopausal 
women.14,15,19,62-64 A fully balanced study of sex steroids, 
SHBG, and obesity in comparably aged women and men 
is yet to be reported.

Estrogen and thyroid hormones
Estrogen induces thyroid hormone–binding protein 

expression by the liver, and the fall in estrogen during the 
menopausal period is accompanied by increased thyroxin 
clearance and decreased concentration of total thyroxine; 
pseudo-hypothyroidism. The thyroid uptake of iodine 
decreases, further reducing free thyroxine and free triio
dothyronine. This menopausal pseudo-hypothyroidism is 
common and accompanied by elevated concentrations of 
thyroid-stimulating hormone.65,66 No studies have been 
reported that assess the effect of menopausal pseudo- 
hypothyroidism on obesity or on SAT/VAT distribution.

Appetite regulatory hormones
In rodents, ovariectomy stimulates an increase in food 

intake and decreases running activity. This effect is reversed 
with estrogen replacement.66-68 As well, anorectic effects of 
estrogens have been demonstrated by direct injections of 
estradiol into the paraventricular nucleus or arcuate/ 
ventromedial nucleus in ovariectomized animals.68,69 We 
previously mentioned the conversion of (ovarian) androgens 
in the hypothalamus.33 Studies in which estrogen was 
administered systemically also showed avoidance of weight 
loss or reversal of weight loss.70-72 In these studies, the 
changes in body fat content were independent of food intake 
and hyperphagia, suggesting that estrogens and ERs play an 
important and direct role in the regulation of energy 
expenditure and glucose utilization.37,39

As indicated previously, few menopausal women 
escape increased body weight during the menopause; yet, 
changes in the cardiometabolic risk of MO are not 
discerned by BMI changes. Cardiovascular-impactful 
changes occur during the menopause transition and after 
the menopause: loss of lean body mass, increase of fat 
mass with specific increases in ectopic fat deposition 
foretell vascular endothelial damage and cardiometabolic 
risk.13,18 The development of HRMO can be defined by 
the increase of the VAT/SAT ratio and the increase of 
thoracic ectopic fat.13

Studies in men exposed to aromatase inhibitors have 
attributed body composition effects of aromatase inhib
itors to unopposed androgens; however, differences in the 
techniques applied to the measurement of SAT and VAT 
and their distribution do not allow comparison with the 
reported studies of women.73

Fat distribution, not amounts, is associated with 
metabolic disorders
Generalities regarding fat metabolism

As data from imaging of fat depots mount, it has 
become clear that the risk of developing fatness-associated 
diseases depends much more on the distribution of body fat 
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than the total adipose tissue mass.74-78 In fact, VAT in 
body subcompartments imposes specific disease risk that 
may include metabolic and functional properties, including 
rates of lipolysis and lipogenesis, adipokine production, 
development of insulin sensitivity, inflammatory responses, 
mitochondrial function, and the release of nonesterified 
fatty acids.76-82 The adipose tissue secretes numerous 
peptide hormones and bioactive molecules that act in 
autocrine, paracrine, and endocrine manners to regulate 
local and systemic metabolism. Adipokine cytokines such 
as leptin, adiponectin, and omentin are involved in the 
regulation of diverse biological processes, such as appetite 
modulation, energy balance and glucose homeostasis,74,79

innate immune function, and reproduction.81 Critically, 
adipocytes secrete factors related to systemic inflammation 
such as tumor necrosis factor-alpha, IL-6, and IL-8 and 
effects insulin resistance, complement factors, and acute 
phase response proteins such as serum soluble amyloid A 
and retinol binding protein 4.80 Studies have demonstrated 
that VAT may be associated with a dysregulation of 
adipokine production and secretion, especially the reduc
tion of adiponectin76 and higher expression of pro- 
inflammatory cytokines that may alter glucose and lipid 
metabolism and contribute to the cardiometabolic 
risk.74,77,83

VAT, SAT, and metabolic profiles
VAT and SAT deposits have different clinical 

implications. Compared with SAT, VAT is more vascular 
and cellular, has less preadipocyte differentiating capacity 
and a greater percentage of large adipocytes.84 Large 
adipocytes are less insulin-sensitive and have lower 
avidity for nonesterified fatty acids and triglyceride 
reuptake. In addition, VAT adipocytes are more meta
bolically active and more sensitive to lipolysis. Thus, 
insulin’s effect is lower, and catecholamines’ effects are 
more active in VAT.84

VAT and SAT both contribute to liver disease 
and CVD risk

The differences in the distribution of fat, specifically 
the amount and location of VAT, put into relief the 
shortcomings of the BMI alone to predict the contrib
ution of BMI-determined obesity on cardiovascular risk. 
Since, in contradistinction to SAT, VAT’s metabolites 
and secretions drain directly to the portal vein, VAT’s 
metabolic products have direct effects on the liver. For 
example, VAT secretions expose the liver to dispropor
tionate concentrations of nonesterified fatty acids, which 
may result in fatty liver and associated liver function 
anomalies, including excess throbophylic protein secre
tion and other cardiovascular-related dysfunctions.80,81 In 
this vein, independent of total adiposity, fat stores in the 
liver have been associated with both insulin resistance and 
adverse metabolic phenotypes.9

SAT is not entirely harmless. Abdominal SAT depots 
also may contribute to metabolic risk factors.85-87 Upper- 
body fat depots of SAT (android or truncal pattern, “apple 
shape”) are associated with increased risk of type 2 diabetes 

and CVD, while lower-body subcutaneous depots (gynoid 
or peripheral pattern, “pear shape”) are associated with less 
risk for abnormalities of glucose and lipid homeostasis.74,76

SAT also stores excess lipids through expansion of 
adipocytes (hypertrophic obesity) and/or recruitment of 
new precursor cells (hyperplastic obesity). For example, the 
ability to increase subcutaneous adipogenesis is a protec
tive mechanism, but the failure of SAT adipocyte growth 
and differentiation may lead to “lipid overflow” into 
ectopic sites such as the liver and cardiac fat stores that can 
accumulate lipids and local lipotoxicity and negative 
metabolic consequences.82,87-89

Clinically, about 30% of BMI-defined obese men 
and women have healthy metabolic profiles, termed 
“metabolically healthy but obese.”4 These individuals 
generally have significantly smaller proportions of VAT. 
Regarding the remaining 70%, some studies have 
suggested that unhealthy/high cardiometabolic risk obe
sity is associated with a smaller pool of adipose 
precursors, which restricts hyperplastic expansion remod
eling, adipocyte hypertrophy, adipose tissue, and systemic 
metabolic dysfunction.4,82,90

The distribution of various types of fat, therefore, is 
associated with disease-specific risks. For example, 
hepatic VAT is associated with metabolic dysfunction- 
associated steatotic liver disease (MASLD) and insulin 
resistance, while cardiac fat is associated with coronary 
artery disease and atherosclerosis.9 Many other such as
sociations have been reported, but they are not well- 
supported by imaging or other evidence.

In addition to the direct effects of SAT or VAT on 
cardiovascular risk factors, the shifting of SAT/VAT 
proportions could have a role in the pathways to 
HRMO.9 The few studies that have compared the 
adipokine profile of low and high cardiometabolic risk 
obesity individuals of commensurate BMI’s show more 
favorable levels of adipokines in the low-risk obese 
group.91 Among postmenopausal women in the Women’s 
Health Initiative adipokine levels in low-risk obese 
women were intermediate between at-risk obese and 
metabolically healthy normal weight women.92 This 
might be due to differences in SAT and VAT distribution. 
Similarly, data from the KEEPS suggest that in metabol
ically healthy overweight postmenopausal women, there is 
an intermediate ectopic fat burden and adipokine profile 
characterized by lower levels of epicardial fat, hepatic fat, 
and leptin, and higher levels of adiponectin compared to 
their at-risk overweight/obese HRMO counterparts.9 The 
observations described reflect phenotypic metabolic dif
ferences and were not derived from direct comparisons 
between estrogen formulations or routes of administra
tion. No inference regarding the superiority of a specific 
formulation is implied.

BROWN OR BEIGE FAT AND METABOLIC RISK
In the context of this discussion, brown and beige 

fat in humans are primarily storage adipose tissue. But 
they do have endocrine and metabolic functions and 
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respond to estrogen. The importance of brown or beige 
fat to the question of estrogen-regulated cardiovascular 
risk has not been sufficiently well studied to be addressed 
in terms of the menopause.92-94

HRMO AS A CLINICAL ENTITY
The development of HRMO is defined by the 

increase of the VAT/SAT ratio and the increase of thoracic 
ectopic fat, as well as the elevation of biochemical risk 
factors such as low-molecular lipoproteins. Few women 
escape increased body weight and stable or reduced height 
during menopause and beyond. Yet the cardiometabolic 
risk of this MO is not indicated by a simple BMI 
calculation. The transition from MO to HRMO is not 
simply explained by the absolute amount of fat gained 
during the menopause transition and postmenopausal 
period, nor is it just the development of a greater BMI. 
Rather, cardiovascular-impactful changes occur during the 
menopause transition and in concert with loss of lean body 
mass, an increase of fat mass with characteristic increases 
in ectopic fat deposition that foretell vascular endothelial 
damage and cardiometabolic risk.10,13

Figure 1 shows a mechanistic pathophysiological 
model of how MO develops into HRMO. Key events in 
this model include the fluctuations in hormone levels 
during the end of ovarian function, the massive swings in 
estrogen during the menopause transition, and the drop in 
estrogen levels after menopause.26 These hormonal 
changes are associated with the cardiometabolic profile 
and regional fat deposition.94 As indicated, this is a fluid 
situation, and it has been suggested that administered 
estrogen can halt or reverse progress to HRMO, even in 
postmenopausal women with or without obvious fat ex
cess that could escape a caution signaled by simple BMI 
calculations.6,10,18

CLINICALLY AVAILABLE IMAGING METHODS 
FOR DEFINING ADIPOSE DISTRIBUTION IN MO 

VERSUS HRMO

Detecting obesity and defining types and 
distribution of body fat in menopause

Assumptions that muscle, bone mass and height are 
predictably associated with body fat and the unified 
concept of obesity that could be reduced to changes in 
weight compared with the more stable height of an 
individual led to the use of the calculation of BMI, the 
person’s weight in kilograms divided by the square of 
their height in meters (kg/m2).1,95 However, evidence 
indicates that obesity pathogenesis is far more complex 
than the passive accumulation of excess calories.95-97

Other methods to clinically assess body fat, such as arm 
skinfold thickness or girth, may be more discriminating 
than the BMI98,99 but do not address fat distribution or 
body composition, each of which has independent 
predictive power for mortality.

Other clinical assessments of fat mass and distribu
tion include waist circumference versus chest circum

ference (“apples” vs. “pears”), hip circumference, and the 
ratio of waist-to-hip circumference.98,99 However, as with 
the BMI, the accuracy, precision, and stability of 
anthropometry are low compared with the imaging of 
whole-body fat and lean mass.17,18

The menopause transition and menopause are 
associated with weight gain and changes in other aspects 
of body composition. The Healthy Women’s Study 
reported that women gain 0.7 kg/y during their fifth and 
sixth decades of life100 and women aged 40-55 years in the 
SWAN had an average 6-year increase in body weight of 
~0.5 kg/y.25 Although both the BMI and weight increase 
throughout the menopause transition and beyond it is 
critical to note that in postmenopausal women the intra- 
abdominal VAT increases faster than the BMI, and the 
visceral fat depot increases from being 5%-8% of total 
body fat during the premenopausal period to being 15%- 
20% of total fat during the postmenopausal period,100-102

and at the same time the menopause transition is 
associated with decreased lean muscle mass.94,100,103

Analysis among healthy, midlife women in SWAN 
suggests that cardiac VAT is substantially associated with 
subclinical atherosclerosis (signified by coronary artery 
calcification) while intrahepatic VAT is more closely 
related to measures of inflammation and insulin 
resistance.13 Regardless of its deposition site, VAT is a 
risk factor for CVD, and postmenopausal women with 
greater volumes of pericardiac fat showed a greater risk of 
coronary heart disease regardless of the duration of 
coronary artery calcification.103

Interestingly, although heart disease is more preva
lent in aging men than premenopausal women, the latter 
have a worse outcome and a higher mortality from CVD 
compared with similarly aged men. Obese men have more 
cardiac fat compared with obese women of similar age and 
BMI, but the excess cardiac fat is associated with a more 
adverse cardiometabolic risk profile in women than in 
men.104,105 A study has demonstrated increased epicardial 
adipose tissue and association with left ventricular 
dysfunction in postmenopausal women but not in men.106

Compared with males, aging female mice demonstrat
ed altered obesity-related genes in epicardial adipose tissue, 
suggesting sex-related factors might play a role.107 Inde
pendent of age, menopausal women accumulate VAT at a 
greater rate than men and catch up to men’s incidence of 
CVD. The increase in relative visceral fat volume with age is 
2.6 times greater in males than in premenopausal females. 
But following their menopause, women have the same slope 
of VAT increase as men, see below.108-110 Women have 
smaller cardiac vessels, and their lipid-filled plaque forms 
circumferentially rather than in the eccentric pattern of 
plaque in males’ vessels. The latter confers a restriction on 
the ability of women’s diseased arteries to undergo 
compensatory dilation in plaque-filled arteries. Thus, even 
a nominal cardiac vessel response to increased cardiac fat 
could have more serious effects in women than in men.111

During aging, the relative intra-abdominal visceral 
fat volume increases while the fat volume in the lower 
extremities decreases in both men and women.109
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Imaging has become the gold standard for clinical and 
research fat assessment and for addressing obesity in mean
ingful terms. Dual-energy x-ray absorptiometry, computed 
tomography, and magnetic resonance imaging can provide 
precise measures for SAT, VAT, and thoracic adipose tissue 
by body region. Fat accumulation in organs such as the liver 
and in the thoracic compartments surrounding the heart can 
be measured using computed tomography, magnetic reso
nance imaging, and ultrasonography.110

Table 1 shows the advantages, disadvantages and 
the capacity of each method of body composition to as
sess adipose tissue. At this writing, there are no published 
international standards for converting fat type or location 
to risk factors for chronic disease or mortality.

Lean body mass
The metabolic interplay between the body’s fat and 

muscle is of paramount importance to the maintenance of 
health, but space does not allow further comment on this 
relationship. However, it must be noted that BMI does 
not address lean body mass or bone mass, while the 
imaging techniques mentioned above do furnish such 
information and should be used for tandem assessment of 
metabolic health and progress of treatment modalities.

Race/ethnicity, sex, and clinical obesity
Kocher et al have reported racial disparities in 

vascular calcification related to thoracic VAT; White men 
and women with symptomatic CVD have a clearer 
positive relationship to cardiac VAT than Black 
individuals.111 Another imaging study showed greater 
CVD risk changes in White postmenopausal women 
compared to Black women.111 However, confounders 
make these difficult studies to interpret. The metabolic 
effects of racial differences in adiposity remain to be 
confirmed and illuminated.

Lessons from premature menopause
While fat-related hormonal effects on women 

passing through the normal menopause transition and 
menopause may be subtle and difficult to place in a 
clinical context, the elevation of risk factors after surgical 
menopause is both clear and of great clinical importance. 
The abrupt fall in sex steroid production following 
surgical menopause increases the risk for weight gain. In 
data from SWAN, women with a surgical menopause had 
five times increased odds (odds ratio [OR] = 5.07 [95% 
CI: 2.29-11.20]) of developing marked obesity compared 
with intact women of the same age. The BMI change was 
concordant.112 Cardiovascular risk factors are increased, 
and earlier cardiovascular deaths follow the removal of 
the ovaries.113-115 A study by Cakir et al116 comparing 
epicardial fat between women who had natural meno
pause and those with surgical menopause, showed that 
epicardial VAT was significantly higher in the bilateral 
oophorectomy group than in the natural menopause 
group (P < 0.001), independent of age or BMI.116

After the menopause, women who do not receive 
menopausal hormone treatment (MHT) have a rate of 

cardiovascular complications similar to that of aging 
men. The acceleration of CVD after menopause is most 
prominent in untreated women following surgical 
menopause.10,113 In contradistinction to the natural 
menopause, in which the premenopausal years are 
characterized by wide swings of estrogen before there is 
an immediate and pathognomonic fall in circulating 
estrogen, surgical menopause is accompanied by an 
abrupt fall in estrogen without a prelude. Further, 
ovariectomy removes the ovarian androgens that might 
be converted to estrogens in cardio-susceptible tissues 
such as fat and vessels.16,102-106,108-111,114,117,118

Salpeter and colleagues have made a strong case for 
the immediate and continuing treatment of premature 
menopause women.119,120

Summary
The VAT in both the abdominal region and thorax, 

especially in the pericardial and pericardiac vessel area, 
changes from the perimenopausal period onward. This 
redistribution of body fat is related to changes in the 
hormonal balance, mainly the absence of ovarian estro
gens. Thus, sex hormone changes during the pre
menopause and menopause drive a woman’s susceptibility 
to accumulate adiposity in sites contributing to the higher 
rate of clinical CVD after menopause. Among the 
changes in fat distribution during the premenopause and 
menopause, the cardiac fat plays a major role in the risk 
for CVD. Measures of cardiac fat, eg, dual-energy x-ray 
absorptiometry, are a useful and clinically relevant tool 
for measuring increased CVD risk beyond the standard 
adiposity measures of BMI and waist circumference. In
creasing ectopic fat, including cardiac fat, occurs and may 
parallel the increased cardiovascular risk factors that de
fine the difference between MO and HRMO during this 
period. However, the shift from low to high car
diovascular risk is fluid and may be dependent on the 
hormonal changes associated with the premenopausal 
period as well as the postmenopause. All these issues are 
more evident and in need of prospective management in 
women who undergo premature menopause.

The effect of hormone treatment on 
menopausal adiposity has not been resolved by 
extant studies

Interventional trials assessing the effect of MHT on 
body composition have yielded inconsistent results, prob
ably because of variability in study populations and the use 
of different drugs and study designs.121,122 As well, the use 
by the participants of progestins to avoid endometriotro
phic effects of estrogen adds a serious confounder to the 
evaluation. Even so, prospective, randomized, controlled 
trials have shown there is a significant decrease in total or 
central adiposity in early postmenopausal women who are 
treated with estrogen plus a progestin, whereas differences 
were less pronounced in older women who started MHT 
after menopause.123-126

A 2005 meta-analysis of 107 studies indicated that 
MHT was associated with lower reduced abdominal fat 
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TABLE 1. Methods for the evaluation of adipose tissue and body composition

BMI WC/WHR Skinfold thickness
Air/water 

displacement BIA US DXA CT/MRI

Total body fat ● ○ ●

SAT ○ ○ ○ ●

VAT ○ ○ ○ ●

Ectopic fata ○ ○ ○ ○ ○ ● ○ ●
BAT/WAT ○ ○ ○ ○ ○ ○ ○ ●b

Advantages Easy/low cost/quick; assessment 
of nutritional status and 
identification of the individual 
at risk/used in clinical practice

Low cost/ 
portable

High accuracy/ 
most used in 

clinical studies

Used in clinical work/ 
repeated analyses/good 

precision/home versions can 
be obtained

Most useful in 
hepatic fat 

evaluation/used in 
clinical practice

Whole-body 
approach/cost and 

time efficiency/good 
precision

Reference 
methods

Disadvantages Variability in 
fat 
distribution/ 
SAT vs. 
VAT

Requires standardization to be valid/ 
SAT vs. VAT

Requires standardization to be valid/ 
imprecise/equations are 
population-specific/SAT 
vs. VAT

Expensive/low 
availability/SAT 
vs. VAT

Affected by hydration 
status/low accuracy

Skill 

necessary/ 
evaluator- 
dependent

Need 
calculation 
algorithms/ 
limited scan 
bed size/ 
radiation 
(low)

High radiation 
(CT)/expensive

○ cannot measure; can estimate with limitations; ● can measure/estimate with high accuracy
BAT, brown adipose tissue; BIA, bioelectrical impedance analysis; BMI, body mass index; CT, computed tomography; DXA, dual-energy x-ray absorptiometry; MRI, magnetic resonance imaging; SAT, 

subcutaneous adipose tissue; US, ultrasound; VAT, visceral adipose tissue; WAT, White adipose tissue; WC, waist circumference; WHR, waist-to-hip ratio.
aRefers to hepatic, cardiac and muscle fat infiltration.
bRefers to positron emission tomography in conjunction with a computed tomography scan or magnetic resonance imaging.
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(−6.8%, 95% CI: −11.8 to −1.9%), improved homeostatic 
model assessment for insulin resistance HOMA-IR 
(−12.9%, 95% CI: −17.1 to −8.6%) and new-onset 
diabetes (relative risk 0.7 [95% CI: 0.6-0.9]).119 A meta- 
analysis including 20 studies of mixed dosage and agents 
that monitored leptin and BMI for at least 2 months 
argued that the literature does not provide compelling 
evidence that estrogen treatment attenuates weight gain, 
alters circulating leptin levels, or improves leptin action in 
postmenopausal women.119 Of the two studies that used 
estradiol alone, one study reported on normally post
menopausal women127 and one on surgically menopausal 
women,107 respectively, reporting leptin levels and 
adiposity by BMI for 12 and 8 weeks.

A cross-sectional analysis of MHT users compared 
with nonusers demonstrated that MHT administered for 
up to a decade is associated with significantly lower levels 
of VAT measured by dual-energy x-ray absorptiometry. 
However, the value of this evidence was diminished by 
numerous experimental confounders.107

El Khoudary et al103 analyzed the results of the 
4-year prospective, randomized KEEPS trial of “cyclic” 
oral conjugated equine estrogens versus transdermal 
estradiol plus a once-monthly progesterone patch. End 
points included associations between mediastinal fat 
accumulation and carotid intima-media thickness pro
gression in clinically healthy recently menopausal women. 
In addition to MHT’s protection against risk factors for 
CVD, a distinct relationship was shown between heart fat 
deposition and the progression of carotid arterial 
thickening. While oral conjugated equine estrogens 
slowed the adverse effect of increasing fat on the 
progression of atherosclerosis, estradiol by patch did 
not have that effect.10 The finding that MHT reduced 
intrathoracic VAT could have important cardiovascular 
and metabolic implications that should be considered 
when assessing the benefit/risk ratio for MHT prescrip
tion. Clearly, this type of study is very important and 
should be extended.

Overall, mitigation of MO by estrogen treatment is 
supported by the available data. This is accompanied by 
protection against risk factors. Although the published 
results are encouraging of a protective role for estrogen/ 
MHT on the adipose-driven risk of CVD via effects on 
SAT and VAT, there is only minimal prospective data in 
this regard. Prospective data on the possibility of reversal 
of HRMO by MHT is gained pari passu from large 
hormone trials that are descriptive rather than mecha
nistic. Presently, there is no prospective, organized data 
on possible regression from high to low cardiometabolic 
obesity under MHT. Such studies should be high on the 
list of needed research.

SERMs and CE+SERM combinations in 
menopausal adiposity

Selective estrogen receptor modulators (SERMs) 
interact with ERs in adipose tissue and exert tissue- 
specific agonist or antagonist effects depending on the 
metabolic and cellular context.128 Experimental studies 

suggest that compounds such as tamoxifen, raloxifene, 
and bazedoxifene may influence adipocyte differentiation, 
insulin sensitivity, and inflammatory pathways through 
nuclear ER-dependent actions as well as nonclassical 
signaling mechanisms, including modulation of Wnt/β- 
catenin and NF-κB-related pathways.129,130

In a human cell–based model, Challapalli et al131

assessed the direct effects of tamoxifen and its active 
metabolites on adipose-derived stromal cells (ASCs) iso
lated from female donors. ASCs were shown to express 
both ERα and ERβ and were exposed to clinically rele
vant concentrations of tamoxifen metabolites (15- 
100 nM) as well as supraphysiological doses (1,000 nM). 
At physiological concentrations, tamoxifen and its me
tabolites did not impair cell viability, activate apoptotic 
pathways, or adversely affect adipogenic differentiation 
or vascular endothelial growth factor secretion, whereas 
supraphysiological exposure resulted in reduced viability 
and partial inhibition of adipogenesis.

These findings support the concept that SERMs 
directly modulate ER signaling in adipose-derived cells; 
however, it is not known, eg, what is the result when 
conjugated estrogens are combined with a selective 
estrogen receptor modulator (CE+SERM; tissue-selective 
estrogen complexes), which were developed to preserve 
the beneficial metabolic actions of estrogens while 
antagonizing estrogenic stimulation in reproductive 
tissues.128

Preclinical studies in ovariectomized animal models 
suggest that CE+SERM combinations, particularly baze
doxifene with conjugated estrogens, exert favorable 
effects on insulin sensitivity, adiposity, and hepatic lipid 
metabolism without utero trophic effects.132

Clinical evidence in postmenopausal women is 
limited. Short-term studies have not consistently demon
strated significant improvements in insulin resistance or 
body composition, likely reflecting small sample sizes and 
limited treatment duration rather than absence of bio
logical effect.133 Overall, although CE+SERM combina
tions offer strong biological plausibility, current data are 
insufficient to support a consistent or clinically mean
ingful role in the management or prevention of meno
pausal adiposity.134

Antiobesity agents and MO
Antidiabetes drugs for weight loss and diabetes 

treatment have been administered with promising long- 
term improvement in renal and cardiovascular function. 
Clinical trials with insulin sensitizers, sodium and glucose 
transporter blockers, and glucagon receptor agonists 
culled for menopausal women also showed weight loss 
and salutary effects on renal and cardiovascular status of 
the treated participants.135 There are no clinical trials 
testing exclusively the use of these drugs in the presence 
of MHT.

With their acceptable side effects and complication 
rates, there is no question that these and further versions 
will be administered to menopausal women. However, 
antiobesity drugs are aimed at specific metabolic path
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ways and do not have the broad effects against 
menopausal symptoms and complications available using 
MHT. While they may be administered for a specific 
indication, such as diabetes management, it is not 
appropriate to administer these agents without consider
ing the other menopausal signs and symptoms that will 
not be addressed.

Premature menopause
Salpeter and colleagues have made a strong case for 

the immediate and continuing treatment of premature 
menopause women.118,119 In addition to the occurrence of 
ovarian follicle depleting syndromes (Turner syndrome, 
primary ovarian insufficiency, and chemotherapy-induced 
ovarian follicle failure), concern over genetic predisposi
tion to ovarian cancer136 has led to increasing numbers of 
surgically menopausal women. Prematurely menopausal 
women are especially vulnerable to the progression of 
MO to HRMO. Such patients should be recruited to 
large, prospective trials on MO, the transition from MO 
to HRMO and the possibility that estrogen treatment can 
reverse HRMO to MO. Until such studies are available, 
women undergoing premature menopause should be 
urged to be fully evaluated and to begin treatment with 
estrogen.

The “take-home message” of this opinion piece is to 
call attention to the value of prospective estrogen treat
ment in avoiding MO and HRMO. The lack of estrogen is 
not “just something to live with;” rather, it may be 
“something to die with” and deserves identification as a 
major problem for women’s healthcare and associated 
research. Regardless of other medical treatments and 
concerns, every woman who is slated for natural 
menopause or ovarian compromise by surgical or medical 
means should be counseled by her caregiver regarding 
immediate estrogen replacement. The evidence supports 
that in these cases the need to prevent menopausal 
complications, including MO, further justifies the long- 
term administration of estrogen treatment.118

PERSPECTIVES AND CONCLUSIONS
Obesity is undoubtedly one of the key factors in 

morbidity and mortality in menopausal women, and 
division into MO and HRMO will, by definition, further 
clarify the involved mechanisms: evidence demonstrates 
that while fat excess in menopausal women is common 
and may exist without increased metabolic and cardio
vascular risk factors, MO may progress to HRMO with 
increased risk factors and clinical disease.

One of the chief factors in the move from MO to 
HRMO is the amount of visceral/ectopic fat and intra
thoracic VAT. Simple calculation of BMI or measurement 
of waist size cannot discern between SAT and VAT, or 
between MO and HRMO. Clinical imaging techniques are 
widely available and should be a regular part of the 
evaluation of the perimenopausal and menopausal woman.

Determining whether a woman has MO or HRMO 
should be paramount to the evaluation of women, 
especially menopausal women. Nonionizing imaging can 

furnish clear evidence that can be used in a therapeutic 
plan and can be repeated to assess the progress of 
treatment. The amount of thoracic fat is of particular 
interest, especially in conjunction with measures of 
cardiovascular risk factors. In the single study reported, 
exercise training reduced the intrathoracic fat.10

More studies are needed. These should separate the 
already well-established direct positive effects of estrogen 
on cardiovascular risk markers, such as amelioration of 
insulin insensitivity and of inflammation10,67,116,125-127,137

from the effects of minimizing central adiposity. The 
confounding positive influences of diet, exercise, and lean 
body mass should also be considered in the construction 
of these studies.94,138-140

Figure 1 summarizes our current understanding of 
the MO/HRMO relationship. Although the literature 
supports the MO to HRMO concept, the reversion of 
HRMO to MO needs to be tested in the clinical setting. Of 
the possibilities listed, the effects of ER agonists are easily 
testable and should be safe in properly screened women.
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