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epidemic of obesity, particularly in devel-

oped countries. This has important conse-
quences in terms of the prevalence of metabolic
syndrome (MBS) and the resultant concerns
related to cardiovascular disease (CVD) and
diabetes mellitus (DM). Even women who are
not particularly overweight or obese are in-
creasingly concerned about changes in body
composition that tend to occur around the time
of menopause. This review will not focus on
current lifestyle issues, which are responsible for
the increasing prevalence of obesity around the
world, but rather will consider what is known

It is well known that there is a worldwide

about changes in body composition and the
role of menopause, the possible relationship to
changes in endogenous hormonal factors and,
finally, the potential influence of exogenous
hormones (such as estrogen and progestogens)
on body fat.

Much has been written about changes in body
habitus and health concerns. Normal reproduc-
tive-age women have been described as having a
“pear” shape, with fat accumulation over the hips
rather than in the abdominal area, as in men. The
occurrence of the “apple” shape, with an in-
creased central fat distribution in women, has
been shown to be associated with an increase in
CVD risk, while thigh/hip fat may be protec-
tive."* While it is generally acknowledged that
this change in body composition occurs after
menopause, it has not, until recently, been clear

when these changes begin to occur, and if they
are due to age or hormonal factors.

Several lines of evidence point to the impor-
tance of premenopausal estrogen levels affecting
body fat distribution and maintaining the “pear”
shape.® It is known that menopause is associated
with a risk of accumulating visceral fat and a loss
of subcutaneous fat. Specifically, estradiol has
been shown to inhibit lipolysis (and thus allow
fat distribution), but only in subcutaneous tis-
sues, and not in the visceral/abdominal area.®’
This effect of estrogen is mediated via adrener-
gic (a2A) receptors,” and is consistent with find-
ings from other studies (reviewed in more detail
below) showing that estrogen treatment after
menopause results in lower levels of abdominal
fat accumulation.””?

SWAN has provided us with a great deal of
longitudinal data on the menopausal transition.
It has been shown recently that there is an in-
crease in waist size (abdominal fat) and total fat
during the menopausal transition, which begins
to increase before the final menstrual period
(Figure).’ These changes have also been corre-
lated with increases in follicle-stimulating hor-
mone (FSH)," which begin before the final
menstrual period when menopause ensues.

Insulin resistance (IR) also increases at the
time of menopause. While aging per se is known
to increase IR, it is unclear if hormonal changes
around menopause also contribute. Regardless
of the proximate cause, a cycle of events begins
soon after menopause, in which IR contributes
to more abdominal fat, which, in turn, releases
more adipocytokines and free fatty acid (FFA),
which further enhances IR. Indeed, the greater
the amount of abdominal fat, the less likely FFAs
will be suppressed, and this mechanism is likely
to be due to an inhibition of the re-esterification
of FFA in the presence of abdominal obesity."

Adipocytokines are known to be abnormal
after menopause, particularly in obese women.
Leptin and resistin are elevated, and adiponectin
is decreased. Ghrelin, a gastric hormone that re-
lates to obesity, is also decreased.’* Among the
many risk factors that relate abdominal obesity
to CVD and increased mortality, an elevated
leptin/adiponectin ratio is an important marker.
Our own studies™ and those of others!®*'> have
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Increase in Waist and Fat Mass During Perimenopause
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Figure. Data from SWAN showing increase in fat mass beginning before menopause and correlating
with rising FSH levels. Adapted from Sowers M, et al. J Clin Endocrinol Metab 2007;92:895-901.

found that both leptin (positively) and adiponec-
tin (negatively) also correlate with IR in post-
menopausal women. Of some interest regarding
the trend of increasing abdominal fat accumula-
tion as women transition through menopause,
adiponectin displays an interesting pattern. While
leptin very well parallels fat gain around meno-
pause, in early menopause the adiponectin blood
level increases.'®!” Abdominal obesity is usually
associated with a decrease in adiponectin. Ac-
cordingly, we have hypothesized that there is an
ill-defined set point in menopause, possibly oc-
casioned by a certain degree of IR, which begins
to down-regulate adiponectin production and/
or secretion.!®

Effects of Estrogen on Fat Mass
As discussed previously, estrogen is known to be
important in determining body composition

prior to menopause and in maintaining the “nor-
mal” female body habitus. There has been much
controversy about the effects of estrogen ad-
ministered after menopause. Many women be-
lieve that estrogen therapy (ET) taken after
menopause results in fat gain. A Cochrane re-
view concluded that there is no increase in
weight in women receiving hormones when
compared to placebo.” Although the effects are
relatively minor, another meta-analysis demon-
strated that there is a decrease in abdominal
weight gain and fat mass in women treated with
estrogen as compared to placebo (Table).? The
magnitude of this change, however, is small and
is in the range of a 7% decrease in fat mass.
Recent data point to this effect of estrogen
being mediated through the estrogen receptor
ERa specifically,? and possibly independent of
the effects of the insulin/IR axis. Not included
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Table. Meta-analysis of fat changes with HT

Percentage reduction in waist circumference

-0.8 (-1.2 to -0.4; 95% Cl random)

Percentage reduction in abdominal fat

-6.8 (-11.8 to -1.9; 95% Cl random)

Adapted from Salpeter SR, et al. Diabetes Obes Metab 2006;8:538-54.

in the meta-analysis is a fairly recent report from
the WHI.? In a sub-study at three sites, DEXA
scans were obtained to look at body composition
before treatment and at year 3 in 437 women re-
ceiving E,+P (CEE 0.625 mg and MPA 2.5
mg) and 398 women on placebo. Results were
similar in the intention-to-treat and sensitivity
analyses, and showed that women randomized to
E+P, compared to placebo, had greater lean mass
(P<0.001), less trunk fat (P<0.001) and less per-
centage of fat mass (P=0.05).%

Although there are several probable mecha-
nisms for these findings, a direct effect of estro-
gen on adipocytes has clearly been established.
Using affymetrics gene-chip technology, gene-
message expression in abdominal subcutaneous
tissue was examined before and after ET (estra-
diol valerate, 2 mg) in a recent study.?* Although
the data were mixed, the findings were consis-
tent, with genes involved in fatty acid synthesis
(lipogenesis) shown to be down-regulated by
estrogen, as well as a gene (PPARY) responsible
for adipogenesis shown to be decreased as well.?*
Although it is acknowledged that there is great
variability in investigating fat tissue in clinical
trials, the authors also found more consistent
effects in their in vitro cell cultures.?

Indirect Effects of Estrogen

on Fat Metabolism

Other than direct effects of estrogen on adipocytes,
the overall effects of estrogen treatment on body
composition may be influenced by other factors as
well. The major candidate for such an influence is
the effect of estrogen on insulin sensitivity or IR.
Further, hormone therapy (HT) may affect mood
and lifestyle factors, which could have an impact on
energy expenditure. These latter effects are more
difficult to prove, while the effects on insulin sen-
sitivity have been studied extensively, although the
findings have not been uniform.

As discussed above, the emergence of IR en-
hances fat accumulation, which, in turn, worsens
IR through a variety of mechanisms. If estrogen
alters IR, this would be an indirect mechanism
whereby estrogen influences fat accumulation.
While there have been many studies of the ef-
fects of ET and E+P on postmenopausal women,
there has also been lack of consistency in these
results related to the different populations of
women studied, different types and doses of the
estrogens and progestogens administered, dif-
ferences in routes of administration and the
length of the studies. The weight of evidence,
however, points to a beneficial effect of HT on
IR.?° These results also are corroborated by the
finding that the occurrence of new-onset DM is
decreased in women receiving HT.?*?* These
data would be consistent with the view that a
beneficial effect of HT on IR may be an indirect
mechanism whereby estrogen decreases fat ac-
cumulation in postmenopausal women.

Does Route of Administration or

Type of Hormonal Treatment Matter?
Several studies have been carried out to charac-
terize if there are differences in body composi-
tion when estrogen is administered orally versus
transdermally. Although several studies point to
an improved lean/fat mass ratio when transder-
mal estrogen is administered, not all studies are
in agreement.

From a physiologic standpoint, oral estrogen,
because of its first-passage effect, causes a de-
crease in lipid oxidation resulting in more fat ac-
cumulation. At the same time, growth hormone
and its binding protein are increased, resulting in
a decrease in insulin-like growth factor-1 (IGF-
1) and a reduction in lean mass, while fat mass
tends to increase. These changes were not found
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with transdermal estrogen. The increase in

fat mass is highly associated with increases in
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serum leptin. While this has been an observed
change with oral estrogen, leptin does not appear
to increase with transdermal estrogen.? As
stated earlier, increases in leptin have been sta-
tistically associated with IR, which contributes to
more abdominal fat accumulation. Using such
indirect measures as the quantitative insulin sen-
sitivity check (QUICKI) and homeostasis model
assessment (HOMA), we have observed that
oral estrogen may cause a worsening of IR pa-
rameters in obese postmenopausal women with
MBS,* while the effects of transdermal estrogen
were neutral. Concomitant with these findings,
oral estrogen led to an increased leptin/adipo-
nectin ratio, while with transdermal E, leptin
was unchanged, and there was a significant in-
crease in adiponectin in this obese population
where baseline levels were low.*

Although several studies have shown that
transdermal estrogen does not decrease IGF-1,
as compared with oral estrogen, at least one
study found that higher levels of transdermal E,
may suppress IGF-1 as much as does oral estro-
gen.’! Thus, one must once again use caution in
interpreting these metabolic studies, in that they
are influenced by many factors, as stated above.

Do Progestogens Have an Influence?

The effects of progestogen added to estrogen
have not been adequately studied in terms of
changes in lean and fat mass. In the case of IR,
it is clear that higher doses of progestogen, par-
ticularly when used alone, can result in IR or can
at least impede insulin sensitivity. However, as
supported by data from HERS and the WHI,***
lower doses (such as MPA 2.5 g) in combination
with CEE 0.625 mg have been shown to im-
prove or decrease IR. In the body composition
sub-study of the WHI,* fat mass decreased with
doses of 0.625/2.5mg as well. Recent data from
the HOPE study of lower doses of CEE and
MPA?3? showed that the hormonal preparations
tended to prevent weight gain over 2 years, com-
pared to the placebo group; these findings are
similar to older data.” The highest dose of estro-
gen alone (0.625 mg), however, tended to in-
crease body fat, while CEE 0.625 mg plus MPA
2.5 decreased fat mass. The overall conclusion of
this report was that lower-dose combination

treatment for 2 years does not affect body com-
position. One might envision that there may be
some beneficial synergy with oral therapy when
lower doses of progestogen are combined with
estrogen. Clearly, much more work is needed in
this area of investigation.

Summary and Conclusions

Important body fat accumulation occurs at
menopause, probably preceding the final men-
strual period. Adipocytokine changes (first, an
increase in leptin and then, a decrease in
adiponectin), enhancing CV risk and IR. These
changes may be viewed as setting up a vicious cy-
cle of increased abdominal fat gain, and libera-
tion of adipocytokines and FFA with resultant
IR, which further enhances fat gain. At the same
time, lean body mass decreases with aging. Estro-
gen has direct effects on adipose tissue though
ERaq, resulting in important effects on body
composition; therefore, ET after menopause
tends to decrease abdominal fat mass. Indirect
effects of estrogen on body composition are also
operative and relate to an amelioration of IR as
well as other changes. While in certain women
transdermal estrogen results in better body com-
position changes when compared to oral therapy,
these results are mixed and confusing. Moreover,
data on added progestogen have not been well
studied, although lower doses of E+P do not
appear to have a detrimental effect on weight
gain or body fat accumulation, and may actually
contribute to reduced abdominal fat. Il
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