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Abstract: Menopause is associated with hormonal changes, which could accelerate or lead to sarcopenia. Functional impairment and
physical disability are the major consequences of sarcopenia. In order to hamper these negative health outcomes, it appears necessary
to prevent and even treat sarcopenia, through healthy lifestyle changes including diet and regular physical activity or through hormonal
replacement therapy when appropriate. Therefore, the purpose of this narrative review will be 1) to present the prevalence of
sarcopenia in postmenopausal women; 2) to address the risk factors related to sarcopenia in this specific population; and 3) to discuss
how to manage sarcopenia among postmenopausal women.
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Introduction
Menopause is a non-pathologic condition occurring in all women and involving the permanent cessation of menses
resulting from estrogen deficiency.1 Clinically, a woman is considered to have menopause in absence of menses during at
least 12 consecutive months. When the ovaries are removed through an ovariectomy, women who have not yet
experienced natural menopause are considered to have surgical menopause.2 During aging and menopausal transition,
a progressive muscle degeneration occurs3 which can lead to sarcopenia. Sarcopenia is a progressive and generalized
skeletal muscle disorder that is associated with increased likelihood of adverse outcomes including falls, fractures,
physical disability and mortality.4 According to the EWGSOP 2 (European Working Group on Sarcopenia in Older
People), the criteria for defining sarcopenia are 1) low muscle strength, 2) low muscle quantity or quality, 3) low muscle
performance.4 The AWGS (Asian Working Group for Sarcopenia) estimates that sarcopenia should be described as 1)
low muscle mass plus 2) low muscle strength and/or low physical performance.5 Based on the ESPEN-SIG (European
society of clinical nutrition and metabolism, Special interest group), the criteria for sarcopenia are: 1) low skeletal muscle
mass and 2) low muscle strength (which they advised could be assessed by walking speed).6 Sarcopenia is defined by The
International Working Group on Sarcopenia (IWGS) as 1) the presence of low skeletal muscle mass and 2) low muscle
function (which they advised could be assessed by walking speed).7 Aging causes skeletal muscle atrophy. Age-related
muscle atrophy (also called sarcopenia) is related to muscular and neuromuscular factors.8 In fact, it has been demon-
strated that in older adults, changes in exercise (inactivity, sedentarity and bed rest, etc.) and nutrition (malnutrition,
protein deficiency, etc.) behaviors in addition to hormonal changes (estrogen or testosterone decreased9) lead to
neuromuscular junction insufficiency, myofiber loss, mitochondrial dysfunction (fission, fusion, autophagy, mitophagy,
Parkin, etc.), impairment on capillary blood flow, difficulty to repair and regeneration muscle capacity (mostly due to
muscle satellite cell number decreased), fat infiltration, immune-senescence (ie, neutrophil migration such as PI3K) or
inflammatory state (GDF-15; IL-6, TNF-alpha, etc.).10–13 Overall these physiological alterations result to muscle protein
degradation exceeding synthesis but also changes in muscle architecture or muscle composition (fat infiltration), muscle
contraction.10–14 As menopause is characterized by important changes in hormonal status, it is relevant to investigate the
link between these changes and sarcopenia. In addition, developing efficient intervention for the management of
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sarcopenia among postmenopausal women may be of great interest for both researchers and clinicians. This narrative
review will (1) summarize the epidemiology of sarcopenia, and, especially in postmenopausal women; (2) present the
risk factors related to sarcopenia in this specific population and (3) discuss how to manage sarcopenia among
postmenopausal women.”

Epidemiology
Prevalence of Sarcopenia with Age
From the age of 30, muscle mass decreases by around 3% to 8% per decade and this decrease accelerates after the age of 60.15–17

Indeed, after the age of 70, the loss of muscle mass declines by 0.5% to 1.0% per year.18 However, this decline differs by sex.
After 75 years, the loss is close to 1% per year in men while it is 0.7% per year in women.18 A total muscle mass less than 2
standard deviations below the mean for young healthy reference populations is called « sarcopenia ».4

In general population, estimates of sarcopenia prevalence vary from 9.9% to 40.4%, depending on the definition
used.19 The prevalence of sarcopenia in community-dwelling older adults aged over 60 years is greater in men [11%
(95% CI: 8–13%)] than in women [9% (95% CI: 7–11%)].20 The prevalence of sarcopenia increases also with age.20

Thus, the prevalence is 2.6% and 1.2%, respectively, in women and men aged 70–74 years while it is 31.6% and 17.4%
in women and men older than 80 years.20 The prevalence of sarcopenia also depends on the home setting. In nursing
home, the prevalence of sarcopenia is 51% (95% CI: 37–66%) in men and 31% (95% CI: 22–42%) in women.21 Among
hospitalized older adults (>60 years), the prevalence is 23% (95%, CI: 15–30%) in men and 24% (95% CI: 14–35%) in
women.21 In addition to age, sex and home setting, the prevalence of sarcopenia is also influenced by ethnicity. For
example, the prevalence of sarcopenia is higher among non-Asian (men: 19%; women: 20%) than Asian (men: 10%;
women: 11%) individuals in both sex.22 Finally, women with Polycystic ovary syndrome (PCOS) have a high prevalence
of sarcopenic obesity (ie, 53% of women with PCOS are classified as sarcopenic obese).23

Prevalence of Sarcopenia Among Postmenopausal Women
An acceleration of muscle mass loss with the menopausal transition is observed.24 Indeed, during the menopausal transition,
lean body mass (LBM) decreased by 0.5% (a mean annual absolute loss of 0.2kg) while fat mass increased by 1.7% per year
(mean absolute gain of 0.45kg).25 Compared with postmenopausal women, premenopausal women have a greater appendi-
cular lean mass (ALM: 18.2 ± 2.2 vs 17.8 ± 2.1 kg, p < 0.001).26 Moreover, being postmenopausal is associated with a higher
risk of presenting with sarcopenia (odds ratio [OR] 2.99, 95% CI, 1.38–6.51).27 In addition, in postmenopausal women,
a significant difference in the prevalence of sarcopenia is reported according to the age: 1.4% in the 60–69 y group, 4.9% in the
70–79 y group and 12.5% in the ≥80 y group.28 In younger postmenopausal women (57.8 ± 4.5 years), the proportion of pre-
sarcopenic, sarcopenic, and nonsarcopenic women are 11.8%, 2.7%, and 85.6%, respectively.29 Furthermore, the effects of
hormone therapy (HT) on sarcopenia are controversial in the available literature. Some authors show that the prolonged use
(<13 months) of HT is associated with a lower prevalence of sarcopenia in postmenopausal women (odds ratio: 0.60; 95%
confidence interval: 0.41–0.88; P=0.01).24 It has been also observed that even years after cessation of the therapy, a history of
HT is positively associated with negating the loss in muscle quantity and quality30 and in muscle mass.31 Conversely, other
authors state that sarcopenia is as common in non-obese women who are long-term HT users as in community-dwelling
women not using HT, suggesting that HT does not protect against the muscle loss of aging.32 Finally, the loss of skeletal
muscle can possibly be improved by the re-establishment of young ovarian influence in aged mice.33 These findings also
reveal the complex concept of germ cell independent influence on sarcopenia.33

Risk Factors for Sarcopenia Among Menopausal Women
In addition to well-known and no sex-specific factors such as low protein intake, low vitamin D intake, low physical
activity, hormonal changes occurring during menopause are also important risk factors leading to sarcopenia.15,34,35 The
effects regarding hormonal changes of surgical menopause will be similar to those of natural menopause, but they may be
more acute. This is because the hormonal changes will happen suddenly rather than over several years. The changes will
generally start as soon as the procedure is over. The impact and role of the sexual and anabolic hormones involved are
detailed below.
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The Decrease of Estrogens
First of all, it is important to differentiate 4 types of estrogens and their specific roles:

● Estrone (E1): Estrone (E1) can be converted into estradiol (E2), and serves mainly as a precursor or metabolic
intermediate of estradiol.36

● Estradiol (E2): Estradiol is the most potent and most abundant estrogen during a woman’s reproductive years. It has
a beneficial effect on the skeletal muscle by stimulating satellite cell proliferation. Skeletal muscle can respond to
estrogenic hormonal control due to the presence of specific receptors for E2 at the level of muscle fibers.
Additionally, estradiol can limit inflammatory stress damage on skeletal muscle.3

● Estriol (E3): Levels of estriol rise during pregnancy, as it helps the uterus grow and prepares the body for delivery.
Thus, estriol levels peak just before birth. In addition, emerging evidence indicates that estriol has potential
immunomodulatory benefits for many disease states including autoimmune, inflammatory, and neurodegenerative
conditions.37

● Estrerol (E4): Estrerol is produced, at detectable levels, only a few months during life, by the fetal liver during
pregnancy and reaching the maternal circulation through the placenta. Its function is presently unknown.38

Estrogen, mainly E2, may be directly involved in muscle metabolism by binding to estrogen receptors expressed on skeletal
muscle, as well as indirectly by altering the secretion of growth hormone (GH) and insulin growth factor 1 (IGF-1).39 Estrogen
may also play a role in regulating carbohydrate and lipid metabolism by relieving muscle glycogen and inducing lipid
oxidation, which may influence skeletal muscle composition in postmenopausal women.40 Therefore, the important decrease
in estrogen levels with menopause may play a potential role in the muscle mass decline observed after the 5th decade of life.41

In fact, the decrease in estrogen concentration is associated with an increase in pro-inflammatory cytokines [ie, tumor necrosis
factor-alpha (TNFα); interleukin-6 (IL-6)], which might explain the apparition of sarcopenia after menopause.42 Another
potential explanation is that loss of muscle estrogen receptors. Indeed, the number of estrogen receptors in muscle is higher
among children, men and young women than in postmenopausal women.34 Muscle strength and muscle power are also
correlated with estrogen levels.43 A significant decrease in muscle power is demonstrated in postmenopausal women.44 Thus,
it is known that the decline of estrogen levels and receptors contributes to the loss of muscle function and the development of
sarcopenia in postmenopausal women.24 The levels of E2 in postmenopausal women depend on confounding factors (eg, fat
mass, fat distribution, ethnicity, HT). Obese postmenopausal women have higher E2 levels compared to non-obese ones.45 The
evidence also suggests that in postmenopausal women, fat loss can result in substantial decreases in estradiol levels.46 Among
postmenopausal women, fat mass follow a U-shaped distribution according to E2 levels.47 Moreover, Non-Hispanic White
women had higher total and bioavailable E2 levels than Hispanics, independently of age, type of menopause, waist
circumference, alcohol intake or current smoking.48 Hispanic women also have higher levels of bioavailable E2 than
American-African women.48 Compared with White women, Japanese American women had higher E2 and bioavailable E2
levels.49 Mean levels in E2 in Hispanic women are similar to those of White women.49 But in all cases, total levels of estrone,
and estradiol, are significantly higher in HT users than in non-users.50

The Decrease of Testosterone (Androgen Sexual Hormones)
Testosterone is a pleiotropic hormone that plays an important role in the human body. This sexual hormone plays a crucial role in
the maintenance and growth of muscle in both men and women.51 In addition, literature highlights direct anabolic effects of
androgens onmammalian skeletal muscle.52Most testosterone circulates tightly bound to sex hormone-binding globulin (SHBG)
or weakly bound to albumin. Aminor amount circulates as free testosterone, and it is believed that this is the metabolically active
fraction.53 With aging, free-testosterone levels are decreased in men and this decline parallels the decrease in muscle mass and
muscle strength.54 In women, free-testosterone levels are decreased and this decrease ismore important during the first years after
menopause.55 Thus, the decline in free-testosterone could also play a role in the accelerated muscle mass loss with menopause.
There is a relationship between fat mass, fat distribution and free-testosterone levels. Indeed, both premenopausal and
postmenopausal overweight women have higher free-testosterone levels compared with normal weight premenopausal and
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postmenopausal women.56 In addition, the evidence suggests that fat loss can result in substantial decreases in postmenopausal
testosterone level.46 Moreover, free-testosterone is positively associated with visceral fat, independent of confounding factors.57

This suggests that testosterone could play a role in regional fat distribution.57 There is also a relationship between ethnicity and
free-testosterone levels. The literature reports that non-Hispanic white women have higher testosterone levels than Hispanic
women independently of age, type of menopause, waist circumference, alcohol intake or current smoking.48

The Decrease of Dehydroepiandrosterone (DHEA)
Dehydroepiandrosterone (DHEA) and its sulfate ester (DHEA-S) are the most abundant steroids in humans.58 It is the
main pro-hormone related to biosynthesis of testosterone and estrogen.59 Its biological functions are: 1) DHEA, like other
androgens, are responsible for the androgenic effects of adrenarche;59 2) DHEA is also a weak estrogen. It can be
transformed into potent estrogens (eg, estradiol) in certain tissues and thereby produces estrogenic effects in these
tissues;59,60 3) As a steroid and neurotrophin, DHEA has also important effects in the central nervous system.61 DHEA,
has a higher production between 25 and 35 years old and then gradually decrease over time,62 especially at the time of
menopause in women, reaching values sometimes as low as 10–20% of those encountered in young individuals.34

Sarcopenia is thought to be related to discordant secretions of DHEA.63 In fact, DHEA decline is associated with
a decrease in muscle mass and physical performance.64 The skeletal muscle is able to convert DHEA into active
androgens and estrogens, and to stimulate IGF-1, which is important in muscle growth and recovery.65 There is an
association between levels of DHEA and obesity or ethnicity. Regarding obesity, several authors suggest that post-
menopausal women with severe obesity are unable to increase the DHEA adrenal production rate in order to parallel the
increase in the hormone metabolic clearance rate (due to enlargement of body fat mass per se).66 The deficiency of this
mechanism might itself contribute to the progressive fat accumulation in severe obesity.66 Indeed, DHEA may be the
cause of fatty liver, obesity (especially abdominal obesity) and diabetes in postmenopausal women.67 Regarding
ethnicity, after adjustment for age, smoking, and BMI, DHEA levels are higher among Chinese and Japanese post-
menopausal women and lower among African Americans and Hispanic postmenopausal women.68

The Decrease of Progesterone
Progesterone is an endogenous steroid hormone, one of two female sex hormones (the other being estrogen). Its main
functions are regulating menstruation and supporting pregnancy and embryogenesis in the female body.69 Production
stops during menstrual cycles when there is no ovulation and after final menstrual period. Thus, by menopause, ovarian
progesterone production is stopped.70 Decline in progesterone by aging leads to the loss of muscular function, the loss of
muscle mass and sarcopenia.71 Indeed, presence and activity of progesterone receptor are shown in different cell types of
skeletal muscle.71 However, skeletal muscle contractile characteristics are not affected by the fluctuations in progesterone
levels.71 The current literature does not make it possible to show ethnicity differences in progesterone levels among
postmenopausal women.72

The Decrease of Growth Hormone (GH) and Insulin Like Growth Factor 1 (IGF-1)
GH is responsible for growth regulation during childhood but it also regulates body composition, metabolism and aerobic
capacity throughout life.73 Circulating GH levels show a significant decline with ageing.74 With the age-dependent decline in
GH secretion, changes in body composition are observed (ie, a decrease in LBM and an increase in total body fat, especially
intra-abdominal fat).74 Among women, the secretion of GH remains relatively stable until the menopause. Thereafter, GH
levels significantly fall.74 IGF-1 plays an important role in childhood growth, and has anabolic effects in adults. Circulating
IGF-1 levels show also a significant decline with ageing.74 With the age-dependent decline in IGF-1 secretion, changes in
body composition are observed (ie, a decrease in LBM and an increase in total body fat, especially intra-abdominal fat).74

Serum levels of IGF-I reduced by menopause.75 Given the diurnal variation in GH, measurement of insulin-like growth factor
1 (IGF1) produced by the liver in response to GH is a more stable marker of GH secretion.76 On the one hand, GH levels are
associated with sarcopenia in the elderly.77 In fact, GH deficiency leads to the loss of muscle mass but not muscle strength.9

On the other hand, IGF-1 levels are also associated with sarcopenia in the elderly.77 IGF-1 is independently associated with
the reduction of skeletal muscle mass, along with BMI and sex.77 IGF-I is also positively associated with aerobics and muscle
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endurance measurements.78 Body composition could influence the levels of GH and IGF-1. In postmenopausal women, GH
and IGF-1 are significantly inversely correlated with trunk fat and percent body fat.50 Weight gain is not consistent with
increases in IGF-I levels among postmenopausal individuals.79 The use of HT could also influence the levels of GH and IGF-
1. In HT users, GH levels are lower in obese than in non-obese women.50 IGF-1 levels are lower in obese HT users than in
non-obese non-users HT women.50 Finally, ethnicity could influence GH and IGF-1 levels. Compared with white post-
menopausal women, African American postmenopausal women are more likely to have high IGF-I levels.79

The Increase of Cortisol
Though widely known as the body’s stress hormone, cortisol has a variety of effects on different functions throughout the
body.80 Beginning in the third decade of life, cortisol levels increase gradually with age.81 This increase is not
specifically related to the stage of the menopausal transition.82 A relative increase in cortisol may reflect the presence
of stress and stimulate muscle catabolism, which could lead to sarcopenia.63 However, there are still few studies
involving the relationship between sarcopenia and changes in cortisol levels circulating in the body. Cortisol measures
demonstrate a U-shaped relationship with BMI and are associated with visceral adipose tissue and total fat mass.83

Moreover, postmenopausal women with visceral fat accumulation have elevated cortisol secretion due to an increased
sensitivity along the hypothalamic–pituitary–adrenal axis, and that this may be causing their abnormal fat depot
distribution.84 To date, no studies assessed differences in cortisol levels by ethnicity in postmenopausal women.

Management of Sarcopenia Among Postmenopausal Women
A healthy lifestyle, including nutrition and physical activity but also HT (natural or not) when

appropriate can help to prevent or even to treat sarcopenia in postmenopausal women.

Nutrition
Menopause is associated with increased prevalence of sarcopenia and obesity.85 Optimal dietary intake of protein,
vitamin D and omega-3 (ie, Mediterranean diet) may prevent or attenuate these age-related alterations in musculoskeletal
health and more specifically in postmenopausal women.86

Protein Intake
The evidence suggests that total energy and protein intakes decreased across the menopausal transition.87 Indeed, a decrease in
energy intake in postmenopausal women (approximately 254 kcal/day) is observed.88 However, the mean body weight changed
minimally over time and this could be likely explained by a reduction in energy expenditure (approximately 200 kcal/day),
mainly characterized by a decrease in physical activity.88 A reduction in protein intake over time during themenopausal transition
is also observed and could negatively impact satiety and therefore weight gain.89 Healthy postmenopausal women consumed, on
average, 1.1 g/kg/d protein, although 25% of them consumed less than the recommended daily allowance (RDA = 0.8g/kg/d
protein).90

Adequate protein intakes are essential because proteins are the best contributors to sarcopenia and loss of strength in
postmenopausal women.34 In fact, dietary proteins have an impact on regulatory proteins and growth factors involved in
muscle growth.86 The Institute of Medicine recommends for all ages the protein allowance of 0.8 g/kg body weight.91 The few
available interventional studies focusing on postmenopausal women have shown that high protein intake did not promote lean
muscle mass gain when compared to recommended dietary allowance (RDA).92 Therefore, the current evidence suggests that
RDA may be sufficient to maintain LBM in postmenopausal women. Nevertheless, postmenopausal women with protein
intake below RDA have higher body fat and fat-to-lean ratio than their counterparts who reach the protein RDA.90 Likewise,
upper and lower extremity functions are impaired in postmenopausal women with protein intake below RDA.90 Furthermore,
the importance of the amount of dietary protein during low-calorie diets is controversial. In fact, several authors have shown
that postmenopausal women who follow a low-caloric diet, in order to lose weight, have a lower muscle mass decline when
they consume more protein.93 They also showed that, in the case of hypocaloric diet, there is a significant correlation between
protein intake (g/kg body weight/day) and absolute fat mass loss (r = 0.37, P = 0.001).93 More recently, other authors have
conversely shown that high protein weight-loss diet, without exercise, have no impact on preservation of fat-free mass but may
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help to maintain muscle strength in postmenopausal women.94 In this sense, a recent study reported that high protein intake
(1.5 g protein/kg body weight) compared to normal protein intake (0.8 g protein/kg body weight) during a 12-weeks energy-
restricted diets without exercise had no impact on preservation of lean mass.94 It has been also observed that protein intake
exceeding the RDA (1.6gr/kg/d vs 0.8gr/kg/d) did not increase LBM, strength, and physical performance in a sample of late
postmenopausal woman consuming a low-glycemic index diet for 6 months.95 In addition, when combined with a resistance
exercise training during 10 weeks, authors concluded that in postmenopausal women, an increased on protein intake (1.2gr/kg/
d) did not promote higher lean body mass gain when compared to RDA recommendation.92 But others reported that in
postmenopausal women, even a moderate increase in protein intake (~1.2 g protein·kg-1·d-1) when combined to 10 weeks of
resistance exercise, could promote a small additional improvement in functional capacity but not in strength and lean mass.96

Moreover, Longland et al showed that during a 4-weeks energy deficit consumption (~40%) a diet containing very high protein
intake (2.4 g protein·kg-1·d-1) and combined with a high volume of resistance and anaerobic exercise was more effective to
increase LBM than a diet containing a high protein intake (1.2 g protein·kg-1.d-1) and combined with a high volume of
resistance and anaerobic exercise.97 Finally, at long term (5-year follow-up), it appears that high protein intake (1.2g/kg/d) is
associated with beneficial effects on muscle mass and size and bone mass in elderly women.95

In addition, the distribution of protein intake over the day is important and at least 20–25 g of high-quality protein
with each main meal (breakfast, lunch, dinner) should be consumed during the day.98 Beside the amount and distribution
of protein throughout the day, the type of protein ingested is also important. Effectively, a vegetarian diet is associated
with a lower muscle mass index than is an omnivorous diet at the same protein intake. Thus, animal protein intake is
a factor promoting muscle mass index among women.99 However, some authors consider that neither the amount nor the
quality of protein ingested in omnivore, ovo-lacto-vegetarians or vegan diet is a limiting factor in determining the amount
of muscle mass in postmenopausal women.100

It is also important to note that HT does not appear to influence protein synthesis. Thus, protein intakes should be
similar in women with HT than in women without HT.101

Thus, it seems that the dose of proteins (very high dose compared to RDA) and the time of ingestion/diet habits (long-
term effect) can help to preserve muscle function in postmenopausal women.

Vitamin D Intake
Low vitamin D status is highly prevalent in postmenopausal women.102 The prevalence of vitamin D deficiency in
postmenopausal women varies in different countries. Indeed, in the European Union, 32.1% of women after menopause
are estimated to have a circulating level of 25(OH)D lower than 20 ng/mL103 whereas in India, China and the United
States, the prevalence of vitamin D inadequacy is reported to be 53.3%,104 72.1%,105 and 53%,106 respectively. Estrogen
increases the activity of the enzyme responsible for activating vitamin D and so declining estrogen levels during the
menopausal transition could lead to vitamin D deficiency.107,108 Vitamin D deficiency is associated with a loss of muscle
mass and strength in older people, and a decline in physical performance.109 Accumulating evidence from molecular and
clinical studies suggests that vitamin D deficiency is associated with sarcopenic status in elderly women independent of
body composition, diet and hormonal status.110,111

Vitamin D is essential for the optimal functioning of the musculoskeletal system as it stimulates dietary calcium
absorption and has a major regulating role in muscle function.102 Vitamin D promotes protein synthesis and calcium and
phosphate transport in muscle, thus influencing muscle strength.109 Current data provide evidence about the beneficial
effect of vitamin D supplementation on muscle strength, physical performance and prevention of falls and fractures in
older women.110 Correction of vitamin D deficit has a favorable effect on muscle mass among sarcopenic obese
postmenopausal women.112

The ESCEO recommends vitamin D supplementation at 800–1000 IU/d to maintain serum 25-(OH)D concentration
>50 nmol/L in elderly or postmenopausal women at risk of vitamin D deficiency.109 There is an inverse relationship
between fat mass and serum 25(OH)D levels and, therefore, the dosage of supplementation should be adjusted according
to the body mass index.113 An adequate calcium intake (1000 mg/d) should also be respected.86
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Mediterranean Diet
A Mediterranean diet is characterized by a high monounsaturated: saturated fat ratio, a high intake of alpha-linolenic
acid, a lower ratio of omega-6/omega-3 fatty acids, moderate ethanol intake, high intakes of dietary fiber, vitamins,
minerals, antioxidants and a range of non-nutritive compounds including polyphenols, carotenoids and flavonoids;
relatively low intakes of meat and dairy products; and moderate consumption of alcohol.114 A decreased risk of physical
frailty and sarcopenia is observed with greater adherence to a Mediterranean diet.115 The potential explanation is that
Mediterranean diet has positive effect on oxidative stress,116 inflammation117 and insulin resistance,118 which are risk
factors for muscle catabolism.119 In addition, adherence to a Mediterranean diet could help to manage weight among
postmenopausal women and is inversely associated with overweight/obesity in this population.120,121 However, very few
studies including global Mediterranean diet intervention and focusing on muscle mass gain or maintenance in post-
menopausal women are available in the literature, expressing an important gap regarding this issue.119

Moreover, an important component of the Mediterranean diet is the high consumption Omega-3 polyunsaturated fatty
acids (PUFAs). However, low dietary omega-3 PUFAs levels are inversely associated with sarcopenia.122 Several
evidences indicate that omega-3 PUFAs are able to reduce muscle wasting by increasing the functional capacity in the
elderly by growing the intracellular metabolic signal.123 The average intake level of omega-3 fatty acids in postmeno-
pausal women is 1.31 g/day, which seemed to be slightly lower than that in premenopausal women (1.46 g/day) and men
(1.76 g/day).124 In addition, HT induces negative effects on fatty acid profile among women such as elevating saturated
fatty acids and diminishing unsaturated fatty acids compared to women without HT.125 There is growing evidence for
a beneficial effect of omega-3 polyunsaturated fatty acids (PUFAs) supplementation in sarcopenic older persons, which
may add to the effect of exercise and/or protein supplementation. Marine-derived omega-3 PUFAs can influence the
exercise and nutritional response of skeletal muscle.126 However, the exact dosage, frequency and use (alone or
combined) in the treatment and prevention of sarcopenia still need further exploration.127 A recent meta-analysis
highlighted a significant relationship in favor of omega-3 PUFAs supplementation for LBM (effect size 0.27) and
skeletal muscle mass (effect size 0.31)128 in older people. In postmenopausal women, it has been shown that Omega-3
PUFAS have the potential to improve body composition and substrate oxidation.129

Physical Activity
Menopausal transition is accompanied with a decline in energy expenditure, mainly characterized by a decrease in physical
activity and a shift to a more sedentary lifestyle.130 There is also a decrease in LBM in women after the menopause, which is
associated with a decrease in resting metabolism rate.131 Moreover, it has been shown that postmenopausal women have
a lower fat oxidation and energy expenditure during exercise than premenopausal women,132 further contributing to a lower
capacity for substrate utilization by skeletal muscle after the menopause. Therefore, the menopausal transition is associated
with a risk to increase body weight and adiposity. In addition, previous research has shown that physical inactivity contributes
to the development of sarcopenia.133 Since menopause occurs approximately with the onset of sarcopenia, aging non-
physically active postmenopausal women should switch as soon as possible to an active lifestyle. Moreover, struggling the
deleterious effects of inactivity is important in postmenopausal women. The benefits of physical activity are numerous in this
population, the most important being the maintenance of muscle mass and therefore muscle strength.134,135

Globally, the physical activity practice for postmenopausal women should combine endurance (aerobic), strength and
balance exercises.134 It is recommended that postmenopausal women practice 150 min of moderate aerobic activity per week
combined with resistance training 3 times a week.134 Every woman should be aware of her target heart rate and should track
exercise intensity.134 In addition, body and mind exercises (eg, yoga, stretching) can help to manage menopause-related
symptoms.134 In more detail, it has been shown that low-volume of resistance training (ie, three sets of 8–12 repetitions at 70%
of one repetition maximum (1RM) with 1.5 min of rest interval) between sets and exercises, three times a week improves
muscular strength among postmenopausal women.136 More specifically, while a low-volume RT improves fat mass and
muscular strength, a high-volume resistance training is necessary to improve indicators of abdominal adiposity and lipid
metabolism in postmenopausal women.136 In addition, long-term periodized resistance training prevents aging sarcopenia and
decreases body fat in postmenopausal elderly women.137,138 The available literature also suggest that moderate-to-high-
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intensity elastic band training and low-intensity elastic band training with blood flow restriction result in similar increases in
strength, lean body mass and muscle thickness in postmenopausal women.139 Unfortunately, the effects of resistance training
on fat mass, muscle strength and functional capacities are attenuated in postmenopausal women with sarcopenic obesity140

although progressive elastic band resistance exercise can reduce fat mass in this demographic.141,142 Finally, based on
a systematic review of randomized controlled trials, early postmenopausal women could benefit from 30 min of daily walking
combined with a resistance training twice a week (ie, 8 to 10 repetitions of 8 to 10 exercises for major muscle groups, starting
with 40% of one repetition maximum).143

Physical Activity Combined with Nutrition
Based on a recent network systematic review, both exercise alone and the combination of exercise and nutrition have
beneficial effects on muscle strength and physical performance in older adults with sarcopenia.144 Thus, although few
authors have focused on sarcopenic postmenopausal women, the effects of nutrition alone or physical activity alone on
sarcopenia among postmenopausal women could be potentiated when the 2 interventions are combined.

Thereby, data suggest that exercise and amino acid supplementation together is effective in enhancing muscle
strength, muscle mass and walking speed in sarcopenic women.145 Then, adding soy to milk combined with 16 weeks
of resistance training result in more significant increases in muscle strength.146 However, soy protein supplementation
when combined with resistance training does not influence the indicators of body composition compared to resistance
training alone.147 However, it exerts possible favorable effects on lipid profile in postmenopausal women.147 It is also
admit that the combination of exercise and tea catechin (polyphenolic) supplementation had a beneficial effect on
physical function measured by walking ability and muscle mass among elderly sarcopenic women.148

When looking at data specific to obese postmenopausal women, resistance training appears effective in the prevention
of all components of sarcopenic obesity in women, resulting in significant improvements in muscular mass, strength, and
functional capacity plus loss of fat mass, especially when coupled with hypocaloric diets containing at least 0.8 g/kg body
weight of protein.112 With the same idea, whey protein combined with resistance training increases lean mass and
decreases total and trunk fat mass, improving sarcopenia and decreasing sarcopenia obesity in older women.149

Furthermore, aerobic exercise added to dietary weight loss can attenuate the loss of appendicular lean mass during
weight loss, and may be effective for the prevention and treatment of sarcopenia among overweight and obese
postmenopausal women.150 Then, diet and exercise induce weight loss with higher protein and increased dairy product
intakes promotes more favorable body composition changes in obese postmenopausal.151 Anyway, a short weight loss
program combining caloric restriction and aerobic exercise may significantly reduce fat mass and improve lipid-
lipoprotein profile in obese women, independently of their sarcopenic status.152

Hormone Replacement Therapy (Natural or Not)
The available literature demonstrates that HT has significant beneficial effects on skeletal muscle mass, strength and
protection from damage in older women.153 HT improves myosin function and strength in muscle that is devoid of sex
hormones and the content of oestrogen receptors in muscle also increases.86 HT seems to improve muscle power,
regulation of muscle contraction and muscle composition.86 In fact, HT is linked to the reversal of both menopause-
related obesity and loss of lean mass, without overall change in body weight. The increase in LBM during HT is likely
explained by muscle anabolism, which in turn, prevents disease in the elderly.154 More benefits of HT are seen in younger
postmenopausal females and those who initiate HRT proximal to menopause.153

Nonetheless, it seems that the effects of HT depend on several factors such the dosage or the level of physical activity
of postmenopausal women. In fact, ultra-low-dose HT has no impact (neither improvement nor worsening) on muscle
mass, body fat and physical performance.155 Then, HT does not provide any additional beneficial effect on body
composition in active postmenopausal women.156 As a matter of fact, physically active women display greater total
FFM, appendicular FFM, and muscle mass index compared to less active women (P < 0.05) whereas HT provide no
additional effect on any FFM.156

On the other hand, the European Menopause and Andropause Society (EMAS) suggests natural hormonal management
of menopausal symptoms as an option for women who cannot or do not wish to take HT.157 Thus, phytoestrogen-based
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medications are commonly used by menopausal women, and especially by obese postmenopausal women, to relieve
menopausal symptoms.158 Soy protein and isoflavones can improve muscle density quality and reduce body weight. It is
considered a breakthrough in preventing osteo-sarcopenia and obesity that may occur after menopause.159 In fact, soy
contains phytoestrogens, whose chemical structure is very similar to that of human estrogen.160 Compounds called lignans
and isoflavones in soybeans can mimic the sex hormone estrogen produced by the human body. Soy protein also contains
branched chain amino acids (BCAA), which may have a positive effect on body weight regulation and muscle protein
synthesis.161 Isoflavone supplementation helps to increase fat-free mass in obese–sarcopenic postmenopausal women.162

However, a recent systematic review suggests that some types of phytoestrogens, such as daidzein, but not soy products or
isoflavone mix, could lead to modest adverse changes in body composition in menopausal women.158 Diets with higher soy
isoflavones content look promising to manage sarcopenic obesity in postmenopausal women.112,162 However, according to
some authors, isoflavones, irrespective of exercise, did not produce changes in muscle strength, function and quality.163

Creatine Supplementation
It is known that women exhibiting 70–80% lower endogenous creatine stores compared to men. Thus, it appears that
creatine supplementation could be a non-pharmacological solution to counteract muscle function decline in menopausal
(pre and post) women. A recent review concluded that creatine supplementation appears to be effective for improving
strength and exercise performance in premenopausal women.164 In addition, Smith-Ryan et al reported that high doses of
creatine (0.3 g·kg-1·d-1) during at least 7 days could lead to benefits in skeletal muscle size and function in
postmenopausal women.164 However, low-dose chronic supplementation with creatine (1 g/d for 52 weeks) among
postmenopausal women failed to have on effect on FFM, bone density, bone turnover, or muscle function.165 It has been
also observed that creatine supplementation (5g/day) combined with a resistance training (2 sessions/week) during 24
weeks, increased lean mass (appendicular: arms+legs) and muscle function in postmenopausal women.166 In addition,
a meta-analysis performed by Chilibeck et al confirmed that creatine supplementation combined with resistance training
improve lean mass and muscle strength (upper and lower body) in older adults.167 One explanation is that muscle
integrity has also been upregulated with creatine use, resulting in an increase in satellite cell activity, growth factors (ie,
IGF-1), protein kinases and myogenic transcription factors.167 Finally, creatine supplementation does not induce addi-
tional negative effects compared to placebo and is therefore considered safe.” Thus, alone or when combined with
resistance training, creatine supplementation could be considered.

In summary, components of sarcopenia appear to be treatable by all these interventions (nutrition, exercise, HT
(natural or not)168) in postmenopausal women and should be recommended to promote healthy ageing.

Conclusion
The prevalence of sarcopenia highly depends on the definition used. But being a postmenopausal woman is associated with
a higher risk of becoming sarcopenic. Etiology of sarcopenia is complex and multifactorial, accelerated by sedentary lifestyle,
malnutrition, and various morbidities. Nevertheless, the accelerated development of sarcopenia during the menopause seems
to be due to hormonal changes and mostly by estrogenic decrease. Fortunately, the risk of developing sarcopenia in
postmenopausal women may be attenuated through healthy lifestyle changes (combined or not), including diet (ie, adequate
protein intake, sufficient vitamin D intake, omega 3); regular physical activity and/or hormone therapy (natural or not).
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