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Abstract: Background: Menopause is a significant period in the life of a female; many hormonal and
lifestyle changes occur, which can have a catastrophic effect on their health and well-being. Amongst
these changes is the loss of muscle mass and strength. Resistance training is recommended for
post-menopausal women; however, the role of protein in muscle mass and strength in this population
is unclear. Methods: This narrative review discusses the research evidence regarding daily protein
needs, dose and timings of intake, and protein quality. Results: Observational and interventional
studies suggest post-menopausal females should ingest at least the RDA 0.8 g·kg−1·d−1 of protein,
the dosing at each meal maybe important. Both whey and soy protein may provide some benefit to
muscle strength. Conclusions: Overall, there is limited evidence and not of high quality, making it
difficult to make inferences about the protein needs of post-menopausal females.
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1. Introduction

The transition into menopause marks a significant phase in a woman’s life and natural
menopause is diagnosed at one year following the cessation of menses [1,2]. However,
natural menopause is a process over time rather than something that occurs at a single time
point [1]. Women can live a third of their lives in a post-menopausal state, so knowledge of
the effects of menopause and any interactions with dietary intakes on health parameters is
important. Body composition changes during menopause, including increases in adiposity,
particularly in abdominal adiposity, and decreases in lean, bone, and muscle mass [3], have
the potential to impact the risk of chronic health conditions, well-being, and quality of life.

2. Hormone Changes during Menopause

With menopause, there are hormonal fluctuations. The sex hormone levels decrease,
and although the main focus is usually estrogen, other hormones are also altered. In
a longitudinal study (12 years) of 160 Swedish females, 7 to 12 months after the final
menstrual cycle, serum Follicular Stimulating Hormone (FSH) concentration increased on
average by 68% [4]. Alongside this, there was an average decrease of 60% in estradiol and a
32% decrease in estrone concentrations compared to 1–6 months prior to the final menstrual
cycle. The decline in estrogen with menopause is associated with a decrease in growth
hormone (GH), insulin-like growth factor (IGF-1), and dehydroepiandrosterone (DHEA), a
reduction in muscle protein synthesis, and an increase in catabolic factors, including the
pro-inflammatory cytokines, e.g., tumor necrosis factor-alpha (TNF-α) and interleukin 6
(IL-6) [5,6]. The early dramatic change in hormones is then followed by a more gradual
decline during early post-menopause; see Table 1 for hormone values between pre- and
post-menopause.
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Table 1. Published hormonal concentrations regarding the pre-, peri- and post-menopause stages of
otherwise healthy women (values presented as mean ± standard deviation unless otherwise stated).

Hormone Pre-Menopause Peri-Menopause Post-Menopause

Estrone (E1) 299 ± 171 [4] 216 ± 104 pmol.L−1

3 years: 148 pmol.L−1 [4]

Estradiol (E2) 75.0 ± 1.7 pg.mL−1 [7] Early 73.6 ± 1.9 pg.mL−1

Late: 51.8 ± 6.0 pg.mL−1 [7] 40.2 ± 6.5 pg.mL−1 [7]

Progesterone 27.3 ± 9.95 nmol.L−1 [4]. 22.4 ± 15.1 nmol.L−1 [4]. ≤2 nmol.L−1 [4].

Follicular Stimulating
Hormone (FSH) 19.5 ± 0.4 IU.L−1 [7] Early: 30.5 ± 0.8 IU.L−1

Late 87.2 ± 4.9 IU.L−1 [7] 109.7 ± 5.3 IU.L−1 [7]

Luteinising
Hormone (LH)

3.7 mIU.L−1

Range 2.83–5.90 mIU.mL−1 [8]

Early: 7.2 mIU.L−1

Range: 4.05–13.28 mIU.mL−1

Late: 8.8 mIU.L−1

Range: 7.7–26.3 mIU.mL−1 [8]

Very Early: 30.05 mIU.L−1

Range 17.48–35.78 mIU.L−1

Early: 33.30 mIU.L−1

Range: 20.80–43.90 mIU.L−1

Late: 30.55 mIU.L−1

Range: 23.5–38.48 mIU.mL−1 [8]

Testosterone 25–30 months pre:
1.5 ± 0.48 nmol.L−1 [4]

1–6 months pre:
1.7 ± 0.5 nmol.L−1 [4]

13–24 months post: 1.4 ± 0.47 nmol.L−1

85–96 months post: 1.2± 0.38 nmol.L−1 [4]

IGF-1 Normative data 95% CI
females 21–23: 144–541 ng.mL−1 [9] 166.07 ± 6.63 ng.mL−1 [10] * 138.89 ± 7.85 ng.mL−1 [10]

GH 1.8 ± 0.8 mU.L−1 [11] * 1.0 ± 0.6 mU.L−1 [11]

DHEAS 109 ug.dL−1 [12] . Early: 108 ug.dL−1

Late: 112 ug.dL−1 [12] .

Early: 112 ug.dL−1

Late: 108 ug.dL−1 [12] .

* classed as pre-menopausal but no information on time before menopause onset as a cross-sectional study but
likely peri-menopausal based on age . Data are taken from the figure.

2.1. Stages of Menopause

The stages of the female life cycle are not always clearly defined. However, re-
cently some standardisation has been proposed with a ten-stage categorisation [13]. Pre-
menopause, or the reproductive years, are stages −5 (early) to −3a (late). Menstrual flow
status is defined as regular in stages −5 to −3b, with subtle changes in the menstrual cycle,
i.e., flow and length at stage −3a, which occur alongside a low antimüllerian hormone
(AMH), Inhibin B, and Antral Follicle Count. FSH is defined as low in stage −3b, but vari-
able in stage −3a. The menopause transition is divided into two stages; early stage −2; and
late stage −1. Early transition is defined as having consecutive menstrual cycles of variable
length (≥7 days), increased variability of FSH, and low AMH, Inhibin B, and Antral Follicle
Count. Late transition is defined as amenorrhea of ≥60 days, FSH ≥ 25 IU.L−1, and low
AMH, Inhibin B, and Antral Follicle Count. Post-menopause is divided into four stages;
early stages +1a (1 year post-menopause), +1b (2 years post-menopause), +1c (3–6 years).
Stage +1a and 1b are characterised by variable FSH, low AMH, and Inhibin B, and very
low Antral Follicle Count. In stage +1c, FSH stabilises and AMH, Inhibin B, and Antral
Follicle Count are all very low. Stage +2 is late menopause and is the remainder of life. For
full details see Harlow et al. [13].

2.2. Estrogen

There are four types of estrogen, but the most common and potent during the re-
productive years is estradiol (E2). E2 is essential for muscle health and inflammatory
response [14]. Estrogen receptors are found in skeletal muscle fibres, and are known to
play a role in muscle regeneration by stimulating the proliferative activity of muscle satel-
lite cells [15,16]. Exercise and muscle damage activates the satellite cells’ regenerative
function, rebuilding integrity and muscle function [17]. Estradiol not only plays a role
in satellite cell activation but is involved in the production of GH and IGF-1 as well as
modulation of local and systemic inflammatory responses, [18,19]. For example, with the
decrease in E2, there is an increase in IL-6 and TNF-α production. In post-menopausal
females, there were significantly lower levels of E2 yet greater levels of TNF-α compared to
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pre-menopausal females [20]. These changes promote the accumulation of fat mass and
compromise muscle function [21–23], causing sarcopenia [24,25]. Post-menopausal females
had less motor unit/muscle activation, muscle quality, and strength compared to pre-
menopausal females [20], demonstrating the detrimental health effects of menopause. The
association between estrogen and inflammatory cytokines is further supported by in-vitro
research. This has shown that 17β-estradiol can inhibit the inflammation-mediated release
of some pro-inflammatory cytokines, such as TNF-α, which degrade muscle proteins and
reduce the ability to respond to muscle damage [26,27]. Therefore, estrogen promotes an
anti-inflammatory and anti-catabolic influence on muscle, especially after exercise [28].

In the six-months around menopause, there is a significant decrease in estradiol from
383 ± 363 to 182 ± 163 pmol.L−1 [4]. There is also a decrease in El from 299 ± 171 to
216 ± 104 pmol.L−1. This is followed by a moderate decline over the following three years
for both E1 and E2. At 3.5 years post-menopause, mean values were 102 pmol/L and
148 pmol/L, respectively [4]. The ratio between E1 and E2 increases from about 3 years
before menopause [4]. The Best Practice Advocacy Centre New Zealand (bpacnz) states
that estradiol ranges from 100 to 1400 pmol.L−1 during the reproductive years but is
<200 pmol.L−1 post-menopause [29].

2.3. Progesterone

Aside from estrogen, the other main female reproductive hormone is progesterone.
The production of progesterone by the ovaries ceases after the final menstrual period,
contributing to loss of muscular function and muscle mass, and sarcopenia [30].

In the aforementioned study of 160 females, over a 12-year period, the frequency of cy-
cles with progesterone values indicating ovulation (progesterone ≤ 10 nmol.L−1) decreased
from approximately 60% to below 10% during the 6 years before menopause. Progesterone
concentrations in the 72–61 months before menopausal were 27.3 ± 9.95 nmol.L−1 and
22.4 ± 15.1 I nmol.L−1 6 to 0 months before menopause [4]. During postmenopause, all
serum levels of progesterone were low (≤2 nmol.L−1) [4].

2.4. Follicular Stimulating Hormone (FSH) and Luteinising Hormone (LH)

Prior to menopause FSH fluctuates from 3–6 IU.L−1 and is continuously >20 IU.L−1

post-menopause [29]. Luteinising hormone (LH) ranges between 2 and 75 IU.L−1 pre-
menopause and is continuously >15 IU.L−1 post-menopause [29]. Following menopause,
LH significantly decreases. The LH/FSH ratio also reduces over the menopause transition,
with pre- and post-menopause values significantly different (0.62 ± 0.17 vs. 0.42 ± 0.10,
p < 0.0001) [4].

2.5. Testosterone

Although not always discussed with menopause, testosterone plays a role in muscle
maintenance and muscle growth in females. The small amount of circulating free testos-
terone is believed to be metabolically active [31]. However, free testosterone declines
with age and this decline, particularly in the first few years after menopause, may also
result in accelerated loss of muscle mass [32,33]. It has been reported that testosterone
declines by approximately 15% in the two-years around menopause, then from three-years
post-menopause concentrations stabilise [4].

2.6. Growth Hormone (GH) and Insulin-Like Growth Factor 1 (IGF-1)

Both GH and IGF-1 decrease with age and following menopause, which has im-
plications for body composition, i.e., an increase in fat mass, particularly abdominal
fat, and a decrease in lean mass [34]. In 67 females, a significantly lower plasma IGF-
1 was found in postmenopausal females (n = 46) as compared to the pre-menopausal
(n = 21) group (138.89 ± 7.85 ng.mL−1 vs. 166.07 ± 6.63 ng.mL−1; p < 0.01) [10]. Mean 24 h
growth hormone concentrations were also significantly lower in postmenopausal (n = 18,
1.0 ± 0.6 mU.L−1) than in premenopausal (n = 17, 1.8 ± 0.8 mU.L−1) females [11].
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2.7. Dehydroepiandrosterone (DHEA)

Between the ages of 25–35 years, dehydroepiandrosterone (DHEA) production peaks
and then gradually decreases over time, especially at the time of menopause. This is
of particular interest as DHEA and its sulfate ester (DHEA-S) can be transformed into
estrogens (e.g., estradiol) in specific tissues, including skeletal muscle, producing estrogenic
effects [2]. Therefore, the DHEA decline is associated with a decrease in muscle mass and
physical performance.

The sulfated conjugate of DHEA is DHEA sulfate (DHEAS). Declines in circulating
DHEA/DHEAS are associated with aging and DHEA/DHEAS declines parallel the onset
of many age-related chronic diseases [35]. Amongst 1423 females, there was a signifi-
cant (p = 0.003) within-woman increase in DHEAS from early to late perimenopause of
4.27 µg/mL (3.95%) [12]. Of the 1423 females with at least one observation during late peri-
menopause or early perimenopause, 1202 (84.5%) displayed an early-to-late perimenopause
increase in DHEAS. Mean DHEAS levels were similar during late perimenopause and
early post-menopause (within 24 months of FMP) but declined significantly between
pre-menopause and late post-menopause by 3.96% on average [12].

3. Menopause Health, Body Composition and Muscle Function

Associated with menopause are many symptoms and health concerns, particularly
body composition, especially changes in muscle [3]. Compared to premenopausal females,
post-menopausal females are 4.88 times more likely to develop abdominal obesity, with
central obesity fat mass increasing by 1.7% annually (mean absolute gain of 0.45 kg) [36].
During the menopause transition, muscle mass loss is also accelerated, with reports of lean
body mass (LBM) decreasing by 0.5% (a mean annual absolute loss of 0.2 kg) [36]. Aging is
also associated with many muscle changes. For females, the menopause transition and the
associated hormonal changes accentuate the modifications to the aging muscle. The odds of
sarcopenia, a condition characterised by a loss of muscle mass and strength, are substantially
elevated among post-menopausal females (odds ratio [OR] 2.99, 95% CI, 1.38–6.51) [37].
This is likely in response to hormonal changes (estrogen and testosterone decreasing), the
activation of inflammatory pathways, fat infiltration into the muscle, apoptosis, altered
mitochondrial function, neuromuscular junction insufficiency, myofiber loss, impairment of
capillary blood flow, difficulty in muscle repair and regeneration (mostly due to decreased
muscle satellite cell number), and inflammation [38]. In addition, menopause is associated
with altered lifestyle factors such as reductions in activity levels and changes in dietary
intake (malnutrition, protein deficiency) [2], further contributing to reductions in muscle
strength and mass. This suggests that modifying lifestyle factors, i.e., dietary intake
(particularly protein), may have the potential to attenuate some of these muscular changes.

These multifactorial changes result in net muscle atrophy as degradation exceeds
synthesis, which ultimately leads to sarcopenia [39]. Sarcopenia is associated with adverse
outcomes such as falls, fractures, physical disability, and mortality [39]. There does not
appear to be one specific criterion for sarcopenia. Still, there is consensus amongst the Eu-
ropean Working Group on Sarcopenia in Older People (EWGSOP) [39], the Asian Working
Group for Sarcopenia (AWGS) [40], and the European Society of Clinical Nutrition and
Metabolism, the Special Interest Group (ESPEN-SIG) [41] and the International Working
Group on Sarcopenia (IWGS) [42] that low muscle strength and/or function forms part of
the diagnostic criteria, with the AWGS, ESPEN-SIG, and IWGS also including low muscle
mass [40–42].

Given the increased risk of sarcopenia following menopause and the catastrophic
consequences of the condition, it is essential to evaluate the potential nutritional factors
that could be implicated. These muscle strength and mass decreases occur due to mus-
cular, neuromuscular, and lifestyle factors. For example, menopause is associated with
reductions in exercise and activity levels. Dietary changes also occur, including a drop
in dietary protein intake. These changes are likely associated with the hormonal changes
that occur during this period in a woman’s lifecycle (inactivity, sedentary behaviors) and
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nutrition (malnutrition, protein deficiency) in addition to hormonal changes (estrogen
or testosterone decreased) [2]. This suggests that lifestyle, i.e., dietary factors (particu-
larly protein intake) could potentially be modified to attenuate these muscular changes.
Progressive resistance exercise training is known to be effective in increasing strength,
muscle mass, and endurance [28] and there are guidelines for the prescription of exercise
to treat sarcopenia [43,44]. Resistance exercise alone is beneficial for muscle mass, and the
available evidence suggests that aging populations, including menopausal females, should
engage in resistance exercise [28]. Although physical activity levels on the whole decline
during the menopause transition, a number of females adhere to the physical activity and
resistance training guidelines yet still struggle with changes in body composition. Those
who do not meet the physical activity guidelines should be encouraged to increase their
activity levels and include resistance training each week. However, it is possible that nutri-
tional intakes may also contribute to the changes in body composition in post-menopausal
females, particularly amongst active post-menopausal females. Protein is a potent anti-
sarcopenic stimulus and has been promoted to aging persons participating in resistance
exercise [45]. Protein and resistance training have been described as having important
positive implications for health, and are the most commonly utilised non-pharmacological
strategies for the health of older populations [46]. A meta-analysis of intervention studies
incorporating resistance training and protein supplementation showed a beneficial effect of
protein supplementation on muscle mass and strength (handgrip strength) amongst adults
(male and female) aged over 60 years with sarcopenia [47].

The availability of protein (amino acids) has beneficial effects on muscle anabolism,
lean mass, and strength and can increase IGF-1 concentrations [48–50]. These tools have the
potential to attenuate the risk of sarcopenia in menopausal females, and so promoting well-
being, independence, and health in this population. Therefore, this review discussed the
evidence regarding protein intake, muscle mass, and function in post-menopausal females.

4. Protein Intake

The dietary intake of proteins has an impact on the levels of the body’s regulatory
proteins and growth factors involved in muscle growth [51]. Therefore, adequate protein
intakes are essential for attenuating the risk of sarcopenia and loss of strength amongst post-
menopausal females [52]. The recommended protein intake for the general population is
0.8 g·kg−1·d−1 (recommended daily amount, RDA). However, greater intakes are suggested
for athletic populations and muscle hypertrophy [53], although this recommendation is
based on studies mainly conducted on young, mainly male athletes. Furthermore, the
PROT-AGE expert group recommendations suggest that older adults should consume more
protein than younger people, and the requirements for healthy older populations should be
1.0–1.2 g·kg−1·d−1 to maintain muscle mass [54], which is well above the RDA. The higher
recommendations reflect the reduced ability of the skeletal muscle to respond to both amino
acid and insulin levels, termed ‘anabolic resistance’ [55], as well as the increased need for
protein as estrogen decreases due to the associated chronic inflammation [56].

Despite the importance of protein, the evidence suggests that protein intakes decrease across
the menopausal transition [2,57]. Willougby et al. (2024) showed a significantly lower protein
intake (relative to body mass) in untrained post-menopausal females (0.81 ± 0.23 g·kg−1·d−1)
compared to untrained pre-menopausal females (1.47 ± 0.27 g·kg−1·d−1) (p = 0.011), this was
not seen for any other macronutrient (fat nor carbohydrate) [20]. Not only could the
reductions in protein intake have implications for muscle mass from a muscle growth
standpoint, but as protein intake is known to promote satiety [58], it could also have
body weight implications [58]. Low protein intakes may result in overall increased energy
intakes (due to increased carbohydrate and fat intakes), leading to body weight (fat mass)
gains. However, research suggests that despite weight gain during menopause, energy
intake decreases during this period (~254 kcal.d−1) [59], which likely reflects a decrease in
energy expenditure.
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4.1. Observational Cross-Sectional Studies

Cross-sectional research studies amongst healthy post-menopausal females have
shown that protein intakes above the RDA are associated with lower body fat and lean-
to-fat mass ratio. Although the reported average protein intake amongst healthy post-
menopausal females is 1.1 g·kg−1·d−1 protein, and so exceeding the recommended daily
allowance (RDA; 0.8 g·kg−1·d−1 protein) [60], one study reported that 25% of participants
consumed less than the recommended daily allowance (RDA = 0.8 g/kg/d protein) [60].
The National Health and Nutrition Examination Survey (NHANES) data show that at
least 8% of females in the USA consume an insufficient amount of protein [57]. It has
also been shown that those who consumed less than 0.8 g·kg−1·d−1 had impaired muscle
function [60]. One study assessed post-menopausal Brazilian females who were grouped
into tertiles: ≤0.93 g·kg−1·d−1, 0.94 to 1.29 g·kg−1·d−1, and ≥1.3 g·kg−1·d−1 [61] (see
Table 2 for details) rather than utilising RDA for grouping, so a direct comparison with
meeting the RDA cannot be made. Despite this, they reported differences between the
lowest and highest tertile levels, with the lowest intake group having the lowest skeletal
muscle mass index and the highest percentage of body fat. However, these results should
be interpreted with caution due to potential confounders. For example, the lowest tertile
group also had lower mean daily steps, whereas the highest intake group had the longest
duration in education. These additional confounders highlight the potential influence of
socio-economic status on muscle health, i.e., those in lower socio-economic groups are
more likely to have poorer dietary quality and less physical activity, both of which could
impact muscle mass and strength independently of protein intake [62–64]. These factors
may help explain the differences seen between intervention and cross-sectional studies,
as higher protein intake groups may reflect a more ‘healthful’ dietary intake or lifestyle,
especially given the role protein plays in satiety and its association with exercise. A longi-
tudinal observational study of 554 females aged between 65.3 and 71.6 years at baseline
was followed up at three years; dietary intakes were measured via three-day diet records,
and body composition was measured via DEXA [65]. They showed that at baseline, those
with ≥1.2 g·kg−1·d−1 protein intake had better muscle strength across a range of strength
tests, lower body fat, and higher lean mass compared with those of moderate and low
protein intakes (0.81–1.19 and ≤ 0.8 g·kg−1·d−1, respectively). The authors contended that
their results support the notion that protein intakes in older females should be higher than
0.8 g·kg−1·d−1. Another longitudinal study, this time with a five-year follow-up amongst
862 females, aged 75 ± 3-year-old females, also showed an association between protein
intake and lean mass [66]. The authors concluded that high protein intake is associated
with long-term beneficial effects on muscle mass and size, as well as bone mass in older
females [66]. A much more extensive study of 24,417 females aged 65 to 79 years as part
of the females’ health initiative showed that ingesting a larger proportion of total energy
intake from protein was associated with a reduced risk of frailty in a dose-dependent
manner [67]. Yet, it should be noted that these were females who were many years post-
menopause. The question of whether similar findings would be seen in those who have
just transitioned cannot be concluded, as aging independent of menopause status likely
impacts lean mass. Taken together, these observational studies suggest that higher pro-
tein intakes are associated with more positive measures of muscle mass and strength in
post-menopausal females.

Table 2. Summary of observational studies on protein intake and muscle amongst post-menopausal women.

Reference Participants Protein Intakes Outcome

Xingqiong et al.
(2009) [66]

• N = 862
• Age 75 ± 3 years

Compared with those in the lowest tertile
of protein intake (<66 g/d), women in the
top tertile (>87 g/d) had 5.4–6.0% higher
whole body and appendicular lean mass

Association between protein intake
and lean mass.

high protein intake is associated
with long-term beneficial effects on

muscle mass and size.
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Table 2. Cont.

Beasley et al.
(2010) [67]

• N = 24,417
• Age 65 to 79 years

After adjustment for confounders, a 20%
increase in uncalibrated protein intake

(%kcal) was associated with a 12% (95%
confidence interval (CI) = 8–16%) lower

risk of frailty, and a 20% increase in
calibrated protein intake was associated
with a 32% (95% CI = 23–50%) lower risk

of frailty.

A larger proportion of total energy
intake from protein was associated
with a reduced risk of frailty in a

dose-dependent manner.

Gregorio et al.
(2014) [60]

• N = 387
• Age 60–90 years

(mean 72.7 ± 7.0 y).
Lower <0.8 g·kg−1·d−1

Higher ≥0.8 g·kg−1·d−1

The higher protein group had lower
body mass, and fat-to-lean ratio

lower-protein (p < 0.001).
Composite scores of upper and
lower extremity strength were

impaired in the low protein group.

Silva et al.
(2017) [61]

• N= 130 women
• Age 55.2 ± 4.9 years

Low ≤0.93 g·kg−1·d−1,
Moderate 0.94–1.29 g·kg−1·d−1,

High ≥1.3 g·kg−1·d−1

The lowest-intake group had the
lowest skeletal muscle mass index

and highest % body fat.

Isanejad et al.
(2016) [65]

• N = 554
• Age 65.3–71.6 years

Low ≤ 0·8 g·kg−1·d−1

High ≥ 1·2 g·kg−1·d−1

High protein had better muscle
strength, lower body fat, and higher

lean mass.

4.2. Intervention Studies

Although observational studies appear to show beneficial effects of higher protein
intakes, they are unable to conclude cause and effect due to the type of these studies.
Instead, we must turn to the intervention studies.

A 2018 systematic review and meta-analysis on community-dwelling older individuals
included data on 1682 participants from 36 studies. They concluded that habitual protein
intakes for most participants were sufficient and that additional protein supplementation
did not produce increases in lean body mass, muscle cross-sectional area, muscle strength,
or physical performance to a greater extent in comparison to control conditions [68]. Fur-
thermore, they reported that even with a resistance training exercise protocol included,
there were no beneficial effects with additional protein [68]. It should be noted that only
seven of the included studies exclusively had female participants and only one of these
assessed lean mass via DEXA [69]. This study had a low sample size of 12 participants
split into two protein intake groups, low (0.45 g·kg−1·d−1) and adequate (0.92 g·kg−1·d−1),
based on nitrogen balance [69]. Of note, the adequate protein intake group only slightly
exceeds the protein RDA and was lower than the moderate protein groups and similar to
some low protein groups in the observational studies. It was reported that the low protein
intake group lost lean mass, and the adequate protein intake group maintained muscle
mass [69]. Still, these findings support the notion that at least the RDA should be met
by post-menopausal females but do not provide information on whether greater intakes
would be of benefit.

There have also been three studies from Brazil that have investigated dietary inter-
ventions to increase protein intakes above the RDA [70–72], see Table 3. The first studied
23 post-menopausal females aged 63.2 ± 7.8 years. The group with higher protein intake
(n = 11) consumed ~1.2 g·kg−1·d−1 of protein. In contrast, the other group (n = 12) was
advised to ingest the RDA of ~0.8 g·kg−1·d−1 protein during the ten-week intervention;
both groups undertook resistance training three times per week [70]. At the end of the ten
weeks, lean mass increased to a similar extent in both groups, likely due to the resistance
training stimulus [70]. It is important to note that dietary intakes were assessed via food
recall rather than weighed diet records. Both groups increased their protein intake at
breakfast, and interestingly, there were no differences in protein intake close to training,
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yet this could be an essential time for additional protein to stimulate muscle resynthesis
and growth.

Table 3. Summary of intervention studies on protein intake and muscle amongst post-menopausal women.

Reference Participants Protein Intervention Resistance
Exercise Outcome

Castaneda,
Charnley, Evans,

& Crim (1995) [69]

• N = 12
Low 0.45 g·kg−1·d−1

Adequate 0.92
g·kg−1·d−1

No

Low protein intake lost
lean mass

Adequate protein
maintained lean mass.

Rossato et al.
(2017) [70]

• N = 23
• age 63.2 ± 7.8 years

RDA: ~0.8 g·kg−1·d−1

High: ~1.2 g·kg−1·d−1

10 weeks

Yes, 3 times
per week

No significant differences
between groups.

Nahas et al.
(2019) [72]

• N = 47
• RDA n = 25;

age 62.0 ± 2.6 years),
~0.8 g·kg−1·d−1

• Higher protein (n = 22;
age 64.7 ± 2.8 years),

RDA: ~0.8 g·kg−1·d−1

High: ~1.2 g·kg−1·d−1

10 weeks

Yes, 3 times
per week

Both groups increased
functional capacity.

Higher protein had minor
additional improvements

in functional capacity.

Silva et al.
(2020) [71]

• N = 26
• aged ≥ 65 years

RDA: 0.8 g·kg−1·d−1

Twice RDA: 1.6
g·kg−1·d−1

6 months

No No difference between
groups.

Englert,
Bosy-Westphal,

Bischoff, &
Kohlenberg-

Muller (2021) [73]

• N = 54
• age 59 ± 7 years

RDA: 0.8 g·kg−1·d−1

High: 1.5 g·kg−1·d−1

12 weeks
No

No significant effects on
lean mass loss.

Muscle strength may have
been preserved with higher

protein intakes.

The second study had a more extended intervention period and compared 26 ap-
parently healthy females aged ≥65 years. The protein diets advised were the RDA
(0.8 g·kg−1·d−1) or twice the RDA (1.6 g·kg−1·d−1). Protein intake was assessed by 24 h
urinary nitrogen excretion and change in lean body mass was measured by DEXA at
three and six-months. They found that a protein intake exceeding the RDA did not increase
lean mass, strength, or physical performance over six months [71]. However, this study
did not include any resistance training protocol, and the anabolic stimulus of resistance
training may be required to optimise increases in lean mass.

A third and larger study was of 47 post-menopausal females randomised to either a
normal protein intake dietary plan (n = 25; age 62.0 ± 2.6 years), ~0.8 g·kg−1·d−1 (RDA);
or higher protein (n = 22; age 64.7 ± 2.8 years), ~1.2 g·kg−1·d−1. The dietary plan was
provided over ten weeks with a resistance training program three times per week [72]. This
study showed increases in functional performance in both groups, with minor additional
improvements in functional capacity in the higher protein group. However, it did not
induce a greater increase in strength and lean mass quality in either group. Yet it should be
noted that the participants in this study were untrained, and the benefits of additional pro-
tein may be starker in trained individuals [74]. Furthermore, the study had a ~50% dropout
rate, resulting in a small sample size upon completion of the study, and may not have had
sufficient power to detect any differences in muscle mass or strength. Again, this study
did not specifically modify protein intakes close to the training stimulus where they may
have the greatest impact. A study investigating 1.5 g·kg−1·d−1 protein intake compared to
0.8 g·kg−1·d−1 over 12 weeks, but without exercise, amongst 54 post-menopausal females
aged 59 ± 7 years showed no significant effects on lean mass loss [73]. The lack of exercise
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could possibly explain the lack of significant effects given the known benefits of exercise
and protein on muscle protein synthesis.

Overall, the dietary intervention studies suggest that intakes above the RDA are not
beneficial in terms of lean mass or strength, but when combined with resistance training
may improve function. However, the number of studies available on post-menopausal
females is small and each has limitations including small sample size, all studies were
in females around 60 years or older (some time from menopause transition), untrained
participants, used food recalls rather than the gold standard weighed food records, and
adherence in two of the studies was low, and only two studies included a resistance training
program. Probably of more significance is the timing of protein intake, particularly in the
post-exercise period, which was not considered in any of these studies. Therefore, there is
a need for high-quality intervention studies to investigate the effects of increased protein
intake over the menopause transition and early post-menopause years. In particular,
there is a need to investigate trained versus untrained females to see if differences in
protein needs exist when incorporating resistance training programs. Indeed, it has been
proposed that during menopause, females require more dietary protein due to changes
in protein breakdown and increased muscle loss. They term this the “protein leverage
effect” [60,75]. They analyzed nutritional changes during the menopause transition and
identified enhanced body protein breakdown. These protein losses increase the body’s
appetite for protein, but if intakes are not increased, an excess of non-protein energy intake
occurs. According to their modelling based on published research studies, they report how
weight gain, adiposity, and lean tissue losses might be ameliorated by slight changes of
1–3% (digestible energy (DE)) in dietary protein concentration, yet the aforementioned
interventional studies do not seem to support this model [75].

4.3. Timing

Total daily protein intake is only one factor to consider when discussing intakes. More
recently, the timing of intake over the course of the day and in conjunction with exercise
has been studied.

Each meal of the day should include at least 20–25 g of protein, and ideally, snacks
would also include similar amounts of protein. An acute study showed that protein spread
throughout the day with 20 g on four occasions over a 12 h period promoted muscle protein
synthesis to a greater extent than 40 g twice a day or 10 g on eight occasions [76]. However,
this study was in young, healthy males and only over a 12 h period. In comparison, regular
consumption of 1–2 meals a day containing 30–45 g of protein has been suggested for older
people (50–80 years); this is based on analysis from the NHANES data and was associated
with lean leg mass and strength [77].

In a review of dietary protein distribution throughout the day, the authors of [78]
summarised the observational data as when total protein intakes are above 0.8 g·kg−1·d−1,
consuming a diet with a balanced protein distribution throughout the day may be superior
to promote skeletal muscle-related outcomes. However, when total protein intakes are
less than 0.8 g·kg−1·d−1, consuming a higher unbalanced protein distribution (where one
meal may contain the majority of the dietary protein intake) may be more favourable,
because at least one meal may contain sufficient protein to support muscle anabolism. Yet,
inconsistent findings were reported for intervention studies. As the authors note, this
is likely due to differences in the age of participants, with studies in young populations
showing benefits to distributing protein throughout the day, but not so in older populations.
Differences between ages may be due to higher amounts of protein required to stimulate
muscle protein synthesis in older populations. It has been shown that older individuals
require double the amount of protein to maximise muscle protein synthesis (~40 g in older
men compared to ~20 g in younger men) following resistance exercise [79]. In practical
terms, consuming 40 g of protein may be challenging for those who have reduced energy
intake needs and appetite.
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Indeed, it is not only protein distribution across the day that needs to be considered,
but also timing around resistance exercise. It has been stated that protein intakes could be
used to optimise recovery and adaptations to resistance exercise. Muscle protein synthesis
is stimulated by protein intake, with a greater effect when protein is consumed close to resis-
tance training [80]. However, a study of 34 post-menopausal females aged 60.9 ± 6.7 years
investigated the effects of 30 g protein intake immediately following resistance training
compared with delayed intake (~eight hours) over an eight-week period [81]. While both
groups showed improvements in lean mass and strength, there was no difference between
groups. The protein intake at lunch, about three hours post-exercise, was ~20–34 g in the
immediate post-exercise group, and 24–35 g in the delayed group. Again, participants were
untrained, and it could be questioned if 30 g of protein is sufficient to maximise protein
synthesis given that 40 g has been proposed post-exercise in older populations [79]. This
is supported by a study that manipulated whey protein intake of 35 g around resistance
exercise over 12 weeks [46]. It showed the beneficial effects of 35 g whey protein pre- or
post-resistance training on intracellular water and lean soft tissue compared to no protein
pre- or post-training. Another study showed that protein supplementation at breakfast
and lunch increases whole-body lean tissue [82]. These studies potentially show that >30 g
protein is required for changes in muscle protein synthesis to be seen, but the timing around
training does not appear to be as important. This would suggest waiting until the next
meal or snack to consume protein may not impact muscle mass or strength, especially
relevant for those on a lower energy budget. It is important to consume sufficient amounts
of protein regularly (see energy restriction subsection).

4.4. Type of Protein

There is interest in the type of protein that may impact muscle protein synthesis, Many
report the benefits of whey protein for optimising muscle protein synthesis, at least in
acute studies, due to its high leucine content, which triggers the anabolic response via
mTOR activation as well as its potential antioxidative effects [46,83,84]. Also of interest,
particularly for menopausal females, could be soy protein. There is also interest in soy
protein, as it is high in isoflavones, which have the ability to mimic estrogens in the body.

4.5. Whey

Whey protein has a high leucine content, which triggers the anabolic response as
well as having potential antioxidative effects [46,83,84]. A recent systematic review and
meta-analysis of whey protein supplementation interventions amongst post-menopausal
and older females reported benefits, when combined with resistance training, on lower limb
lean mass but not upper limb lean mass in comparison to placebo [85]. Yet no significant
benefits were seen in the analysis of studies that did not include a resistance training
intervention [85]. Interestingly this meta-analysis did show that when participants were
supplemented with whey protein their baseline dietary intakes of protein decreased when
no resistance training intervention was included (SMD: −0.0685, 95% CI: −0.396, 0.259).
However, all studies included in the analysis had some risk of bias, and thus, the quality
was low.

4.6. Soy

Phytoestrogens are a group of biologically active plant-based compounds that have
estrogen-like properties [86] and are one of the most commonly used herbal therapies
for post-menopausal females [87]. They are found in high quantities in soybeans and
soy products, which are exceptionally high in lignans and isoflavones [87]. Isoflavone
supplementation over 12 months resulted in increased fat-free mass in obese–sarcopenic
post-menopausal females [88]. Some studies show that diets high in soy isoflavones
can help to manage sarcopenic obesity, whereas others have shown no beneficial effects
irrespective of exercise [2]. A 2013 meta-analysis of nine randomised trials incorporating
528 participants suggested isoflavone supplementation might reduce the bodyweight in
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non-Asian post-menopausal females [89]. However, bodyweight changes alone could be
due to changes in body fat or lean mass [90], and as no other measures of body composition
were included, it is difficult to interpret this finding.

The effects of a combination of milk (a combination of whey and casein proteins),
the addition of soy protein, and resistance exercise in postmenopausal females have been
assessed [91]. It was found that 16 weeks of 4 times-a-week resistance training with post-
exercise consumption of 25 g of soy protein containing 50 mg of isoflavones (32 mg genistein,
15 mg daidzein, and 3 mg glycitein) mixed in 200 mL of skimmed milk that contained
0.31 g lipids, 6.4 g proteins, 10 g carbohydrates, and 0.7 g fiber resulted in greater muscle
strength gains than 25 g of maltodextrin (placebo) combined with 200 mL of skimmed
milk [91]. However, there were no significant differences in muscle mass [91]. The authors
attributed the lack of significant differences in muscle mass to the low leucine content of the
intervention. More research with mixed protein types may be the most efficacious strategy
to optimise muscle synthesis and overall health of post-menopausal females.

4.6.1. Leucine

The beneficial effects of leucine on sarcopenia have been shown in a systematic review,
specifically 1.2–6.0 g.d−1 improved lean mass, and this was particularly evident when
85–800 IU Vitamin D was also administered [92]. Conversely, not all studies showed
a benefit of leucine supplementation. No statistically significant effects were seen on
strength, fat-free mass, or anabolic hormones in 46 healthy but untrained peri- and post-
menopausal females consuming either 5 g leucine or a placebo for 10 weeks in combination
with a resistance training program [93]. In a follow-up study, this time with energy
restriction, more overweight or obese females were able to gain or maintain their muscle
mass when taking 10 g leucine compared to a placebo over a 12-week period; however, this
difference was not statistically significant [94]. Exercise was recommended in this study
(30 min per day) and both groups lost weight over the 12-week intervention; lean mass loss
was small in both groups (−1.31 ± 0.38 kg placebo and −0.53 ± 0.45 kg leucine). Protein
needs are increased when in energy deficit and given leucine’s role in muscle protein
synthesis this may explain the difference between study findings.

4.6.2. Vegetarian and Vegan Diets

The EAT-Lancet Commission’s recommendation of increased quantity and diversity of
plant-protein sources to reduce food waste, provide a sustainable food production model,
and improve global human health is estimated to have the potential to prevent ~11 million
deaths per year [95]. Although there is no research on vegetarian and vegan diets on
muscle mass and strength amongst menopausal females, the increased popularity of these
diets means they are worth noting. There are many different types of vegetarian diets but
generally compared to an omnivore diet vegan diets are higher in carbohydrates, lower
in fat, and slightly lower in protein and leucine [96]. Generally, plant-based proteins are
low in essential amino acids [97], meaning they may be less effective in terms of muscle
protein synthesis.

Indeed, the anabolic response to the same amount of protein is lower when the protein
source is plant-based [98]. Whilst this can be overcome by increasing the amount of
protein consumed [99], given the higher protein needs, potential decreases in appetite with
menopause, and higher food volume of plant-based protein sources, increasing protein
intakes even further could be challenging. It has been speculated that consuming a blend
of different plant-based proteins or fortifying plant proteins with the limiting amino acids
may be a more appropriate alternative to enhancing the anabolic response [98].

A meta-analysis in older adults showed no statistically significant differences between
animal and plant-based proteins for fat-free mass or strength. Yet the plant-based protein
interventions were favoured for fat mass loss and lean mass accrual, whereas animal
proteins were favoured for knee extension strength [100].
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Outside of the impacts on muscle, menopausal females following vegan diets or
ovo-lacto vegetarians had lower high-density lipoprotein cholesterol compared to om-
nivores [101]. Others have shown that an ovo-lacto diet lowered total and low-density
lipoprotein cholesterol and triglycerides in postmenopausal females [102,103]. High in-
takes of plant-based protein have been associated with later onset of menopause [104] and
reduced risk of type 2 diabetes, whereas a diet high in animal protein has been associated
with increased risk of type 2 diabetes, although this meta-analysis was not specifically on
menopausal but a much wider population of adult males and females [105]. It should be
noted that the association between high animal protein intake and type 2 diabetes risk
could be due to other factors in those foods, i.e., highly processed and high in saturated
fat [105].

Therefore, it appears at present that there is no clarity on the long-term effects that
a vegetarian or vegan diet could have on post-menopausal women’s muscle mass and
strength (compared to non-vegetarian diets) and further research is required regarding diet
planning for maintaining muscle quality either during the transition through menopause
or in the post-menopause years.

4.7. Energy Restriction

One factor that needs to be considered is that menopause transition is associated
with gains in fat mass, and many women restrict their energy intake to try to attenuate
or reverse this. During periods of energy restriction, there is a need to increase protein
intakes above the RDA. It has been reported that lean mass and strength could be preserved
if protein intakes were elevated above the RDA during hypocaloric diet-based weight
loss periods [106]. Similar findings have been demonstrated in post-menopausal women.
During a retrospective analysis of a 20-week weight loss dietary and exercise intervention
amongst women aged 50–70 years, the average weight loss was 10.8 ± 4.0 kg, and ~32% of
the total weight loss was lean mass [107]. Average protein intake was low, below that of the
RDA (0.62 g·kg−1·d−1, range 0.47–0.8 g·kg−1·d−1). They reported an association between
lower amounts of protein intake with significantly less lean mass and appendicular lean
mass (r = 0.3, p = 0.01 and r = 0.41, p < 0.001, respectively) even after adjusting for body
size. This study shows that not meeting the RDA results in higher lean mass loss when
energy is restricted, but the effects of increasing protein above the RDA are unknown.

A longer study showed that with 10% weight loss over six months amongst obese
post-menopausal women lean tissue was persevered by ~40% with a higher protein intake
of 1.2 g·kg−1·d−1 compared with the RDA intake of 0.8 g·kg−1·d−1 [108]. When combined
with resistance training, protein intake was 1.2 g·kg−1·d−1 compared to 0.8 g·kg−1·d−1

amongst 47 post-menopausal women who increased functional capacity, but not lean mass
or strength [72]. Although this study does show some benefits to a modest increase in
protein, the protein intakes still did not meet the recommendations for energy restriction.
The benefit of very high protein intakes (2.4 g·kg−1·d−1) in combination with resistance
and anaerobic exercise, and energy restriction over four weeks has been demonstrated;
however, this was amongst young male participants [109].

Interestingly, not all energy restriction diet studies have shown a beneficial effect of a
higher protein intake on fat-free mass and physical function. Englert et al. (2021) randomly
assigned 44 postmenopausal women to either 0.8 g·kg−1·d−1 or 1.5 g·kg−1·d−1 of protein
for 12 weeks [73]. They were followed up after six months of ad-libitum food intake. No
differences were found between the two protein regimes at any time point for weight
change or body composition. The 0.8 g·kg−1·d−1 group demonstrated an improvement in
the Short Physical Performance Battery score with weight loss and a decrease in handgrip
strength, and these changes were not seen in the 1.5 g·kg−1·d−1 group. This study did
not include an exercise intervention and measures of body composition were determined
by bioelectrical impedance, which may not have been sensitive enough to detect changes
between groups.
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Acutely, it has been shown that protein intake can increase myofibrillar fractional
synthesis rates (FSR) at rest and following exercise [110]. Forty post-menopausal women
were split into four groups, three of which had their energy restricted for five days followed
by a testing day, and the fourth group maintained energy balance for five days, followed
by a testing day [110]. During the testing day, participants’ FSRs were measured at rest
and for five hours following exercise. The three energy-restricted groups were fed either
15, 35, or 60 g of protein, and the fourth group in energy balance was fed 35 g of protein.
With energy restriction, FSR was higher for both the 35 and 60 g protein before and after
resistance exercise; there was no statistically significant difference between 35 g and 60 g
protein [110]. Unfortunately, as there was only one energy balance group (35 g), the dose
response for energy balance cannot be stated. However, there were no differences between
the energy balance and energy-restricted diets, contradicting many previous studies in
other populations showing a decrease in FSR with energy restriction [111]. This difference
may be due to the parallel study design, which may not have had sufficient sensitivity to
see differences compared to the cross-over design of previous research.

Therefore, increases in protein intake could aid with the retention of muscle mass
and function. The amount of protein in any chosen dietary restriction protocol, e.g., the
ketogenic diet, employed may need to be considered before being implemented. The
individual circumstances need to be considered when recommending protein intakes to
individual post-menopausal women, especially given the increased satiety associated with
protein intake. More research is required on the long-term impacts of protein intake on
women’s body composition, appetite, and health during the menopause transition.

5. Discussion

Age, particularly during the menopause transition, hormonal, and lifestyle changes
result in an increase in fat mass and a decrease in muscle mass and strength. These changes
elevate the risk for many chronic diseases and can negatively impact quality of life.

The general population guidelines for protein intake are 0.8 g·kg−1·d−1, although
some expert groups argue that this should be higher for elderly populations (men and
women). Interestingly, the observation and intervention studies have conflicting findings
regarding high protein intake and muscle strength. There are physiological mechanisms
supporting the notion of a higher protein intake requirement such as anabolic resistance.
Observational studies tend to suggest that a higher protein intake is associated with greater
muscle strength and lean mass than lower protein intakes (0.8 g·kg−1·d−1). In compari-
son, the limited number of intervention studies have not shown unequivocal benefits to
increasing protein intakes above 0.8 g·kg−1·d−1. However, these studies, potentially did
not have sufficient power to detect a change, did not include a resistance training program
(the studies that did include resistance training reported some, albeit minor, improvements
with additional protein), or did not use the gold standard dietary assessment methods
to evaluate adherence to the diet. Of note, none of the studies used resistance-trained
post-menopausal women, for whom the benefits of protein may differ. Furthermore, it
would appear that despite protein intakes decreasing during menopause, many women
exceed the RDA and are within the 1.0–1.2 g·kg−1·d−1 guidelines of PRO-AGE. Therefore,
it is possible that some participants assigned to the RDA groups in the dietary intervention
studies reduced their protein intake, whereas the high-protein groups maintained their
usual intake.

Foods high in protein are often seen as more expensive and may explain a lower
protein intake in those with lower socio-economic status [112]. Given this group’s higher
risk for many chronic diseases and generally earlier transition into menopause [64,113],
dietary protein interventions may be most beneficial to them. However, the potential
financial barrier of such a dietary recommendation must be considered and highlights
the need for public health messages to promote lower-cost protein foods. Future studies
may wish to investigate the modification of current dietary intakes to see if this impacts
muscle mass or strength. Overall, for the available evidence, it would seem prudent
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to encourage post-menopausal women to at least consume the RDA of 0.8 g·kg−1·d−1.
Whether 0.8 g·kg−1·d−1 is sufficient for those following a vegan diet is unclear. Although
no research exists specifically on muscle strength or muscle mass in menopausal women,
research in other groups suggests that following a well-planned vegan diet should not
negatively impact muscle mass or strength.

Another aspect that the intervention studies did not consider is the distribution of
protein intakes throughout the day and the dose of protein at each meal and snack. This
is an area of protein intake that has only recently received much attention; the evidence
would suggest that for the elderly population, although no research specifically in post-
menopausal women, a larger dose of protein is required (30–40 g). This may explain the
lack of significant effects when a protein supplement intervention post-exercise has been
investigated. The studies that used a higher protein dose demonstrated greater improve-
ments than those that provided 20 g of protein supplement. However, the retrospective
study design consuming a high-protein breakfast and lunch was associated with improved
leg lean mass and strength.

Therefore, it would appear that protein dose in each eating occasion is important
30–40 g of protein in at least 1–2 meals would seem beneficial. This equates to around
1 litre of milk, 100 g pork chop, 100 g chicken breast, 150 g tinned tuna, four eggs, or 400 g
lentils; this could be challenging if the individual is on a restricted-energy diet. Therefore,
nutritional counselling is essential to ensure sufficient dietary intakes are consumed to
prevent nutritional deficiencies. This is particularly true if weight loss is also an intended
outcome, as protein intakes during weight loss must be elevated to preserve lean mass.
Finally, the importance of protein type and quality for muscle mass and function should
be considered. Whey protein is high in leucine, and much research suggests that, at least
in the acute term, has the greatest effect on muscle protein synthesis as it has a high rate
of absorption and a high leucine content; conversely, soy protein with a high isoflavone
content has estrogen-like properties and has the potential to attenuate symptoms associated
with the estrogen decline in menopause. Research does suggest soy has positive outcomes
on body composition. Future research should investigate a combination of different protein
types on muscle outcomes in 30–40 g doses. It is known that all essential amino acids are
required in the diet, and it would seem sensible to suggest an array of proteins throughout
the day with a focus on whey (for omnivores) post-exercise.

The studies included in this review focused mainly on community-living women aged
in their 60s; whether similar findings would be seen for women as they transition through
menopause is beyond the scope of this review. Further, the impact of hormone replacement
therapy has not been discussed here. However, the majority of the evidence suggests that
hormone replacement therapy has positive implications for muscle mass and strength [114].
It should be noted that HRT is not for all menopausal women and decisions on its use
should be made in conjunction with a medical professional.

Interventions and messages to increase protein intake also need to consider the effects
of protein intake on the risk of chronic diseases such as type 2 diabetes. Although the exact
mechanisms are unknown, it has been shown that animal protein intakes are associated
with increased risk of type 2 diabetes. Proposed reasons for this association include the
other nutrients within high protein foods such as saturated fats; increased glucagon with
protein intake, which elevates blood glucose [115]; and the secretion of insulin with protein
ingestion, which could lead to hyperinsulinemia a risk factor for insulin resistance [116].
Such associations do not exist for the consumption of plant-based proteins, potentially due
to differences in amino acid profiles between plant and animal proteins [105]. Given the
beneficial effects of plant-based proteins and the lack of difference between plant-based
diets and omnivore diets for muscle strength and lean mass, it would be prudent to focus
on encouraging a variety plant-based proteins in the diets of menopausal women.
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6. Conclusions

Research on protein intake and muscle mass and strength in post-menopausal women
is limited. It should be remembered that protein is only one component of the diet, but it
may have important impacts on body composition, particularly in those women who are
restricting energy intake for weight loss. Further research is required following dosing and
intake timings, especially around exercise, thought to optimise muscle protein synthesis. In
addition, the role of resistance exercise should not be underestimated in this population
group. There is an evident need for more research among active post-menopausal women.

7. Future Directions

At present, there appears to be a need for larger intervention studies, including
resistance training protocols with increased protein intakes, ideally including 1–2 × 30–40 g
doses of protein throughout the day, utilising both whey and soy protein. Gold standard
measures of dietary intake such as weighed food records at baseline, mid-point, and
end of any intervention study. Body composition should be assessed by DEXA using
standardised procedures and adequate power calculations need to be completed prior
to study commencement. Given changes occur at the start of menopause, interventions
early in transition through menopause may elicit greater long-term impact, studies should
utilise the SWAN stages of menopause to state the stage of transition participants are
in. There is currently no research in this group, potentially due to the high variability in
hormonal changes over time between women in this stage. However, research is needed
in peri-menopausal women as well to determine if differences in the peri-menopause and
post-menopause stages exist. With the rising popularity of vegan and vegetarian diets,
there is a clear need to determine the optimal doses and daily protein needs for women
following these diets. These studies would require long-term follow-up. Finally, the effects
of protein intake longitudinally during menopause could provide a greater understanding
of the protein needs of women throughout menopause.

Author Contributions: All authors have made substantial contributions to the conception or design
and interpretation of the research included in this review; all authors have been involved in drafting
the review manuscript or substantively revised it; all authors have approved the submitted version
(and version substantially edited by journal staff that involves the author’s contribution to the study)
and agree to be personally accountable for their own contributions and for ensuring that questions
related to the accuracy or integrity of any part of the work, even ones in which they were not
personally involved, are appropriately investigated, resolved, and documented in the literature. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Rees, M.; Abernethy, K.; Bachmann, G.; Bretz, S.; Ceausu, I.; Durmusoglu, F.; Erkkola, R.; Fistonic, I.; Gambacciani, M.; Geukes,

M.; et al. The essential menopause curriculum for healthcare professionals: A European Menopause and Andropause Society
(EMAS) position statement. Maturitas 2022, 158, 70–77. [CrossRef] [PubMed]

2. Buckinx, F.; Aubertin-Leheudre, M. Sarcopenia in Menopausal Women: Current Perspectives. Int. J. Womens Health 2022, 14,
805–819. [CrossRef] [PubMed]

3. El-Kateb, S.; Sridharan, S.; Farrington, K.; Fan, S.; Davenport, A. Comparison of equations of resting and total energy expenditure
in peritoneal dialysis patients using body composition measurements determined by multi-frequency bioimpedance. Clin. Nutr.
2018, 37, 646–650. [CrossRef] [PubMed]

4. Rannevik, G.; Jeppsson, S.; Johnell, O.; Bjerre, B.; Laurell-Borulf, Y.; Svanberg, L. A longitudinal study of the perimenopausal
transition: Altered profiles of steroid and pituitary hormones, SHBG and bone mineral density. Maturitas 1995, 21, 103–113.
[CrossRef] [PubMed]

5. Ahtiainen, M.; Pollanen, E.; Ronkainen, P.H.; Alen, M.; Puolakka, J.; Kaprio, J.; Sipila, S.; Kovanen, V. Age and estrogen-based
hormone therapy affect systemic and local IL-6 and IGF-1 pathways in women. Age 2012, 34, 1249–1260. [CrossRef] [PubMed]

6. Malutan, A.M.; Dan, M.; Nicolae, C.; Carmen, M. Proinflammatory and anti-inflammatory cytokine changes related to menopause.
Prz. Menopauzalny 2014, 13, 162–168. [CrossRef]

https://doi.org/10.1016/j.maturitas.2021.12.001
https://www.ncbi.nlm.nih.gov/pubmed/35115178
https://doi.org/10.2147/IJWH.S340537
https://www.ncbi.nlm.nih.gov/pubmed/35769543
https://doi.org/10.1016/j.clnu.2017.02.007
https://www.ncbi.nlm.nih.gov/pubmed/28259478
https://doi.org/10.1016/0378-5122(94)00869-9
https://www.ncbi.nlm.nih.gov/pubmed/7752947
https://doi.org/10.1007/s11357-011-9298-1
https://www.ncbi.nlm.nih.gov/pubmed/21845403
https://doi.org/10.5114/pm.2014.43818


Physiologia 2024, 4 281

7. Randolph, J.F., Jr.; Sowers, M.; Bondarenko, I.V.; Harlow, S.D.; Luborsky, J.L.; Little, R.J. Change in estradiol and follicle-stimulating
hormone across the early menopausal transition: Effects of ethnicity and age. J. Clin. Endocrinol. Metab. 2004, 89, 1555–1561.
[CrossRef] [PubMed]

8. Kawakita, T.; Yasui, T.; Yoshida, K.; Matsui, S.; Iwasa, T. Associations of LH and FSH with reproductive hormones depending on
each stage of the menopausal transition. BMC Womens Health 2023, 23, 286. [CrossRef] [PubMed]

9. Chanson, P.; Arnoux, A.; Mavromati, M.; Brailly-Tabard, S.; Massart, C.; Young, J.; Piketty, M.L.; Souberbielle, J.C.; Investigators,
V. Reference Values for IGF-I Serum Concentrations: Comparison of Six Immunoassays. J. Clin. Endocrinol. Metab. 2016, 101,
3450–3458. [CrossRef] [PubMed]

10. Romagnoli, E.; Minisola, S.; Carnevale, V.; Scarda, A.; Rosso, R.; Scarnecchia, L.; Pacitti, M.T.; Mazzuoli, G. Effect of estrogen
deficiency on IGF-I plasma levels: Relationship with bone mineral density in perimenopausal women. Calcif. Tissue Int. 1993, 53,
1–6. [CrossRef] [PubMed]

11. Kalleinen, N.; Polo-Kantola, P.; Irjala, K.; Porkka-Heiskanen, T.; Vahlberg, T.; Virkki, A.; Polo, O. 24-hour serum levels of growth
hormone, prolactin, and cortisol in pre- and postmenopausal women: The effect of combined estrogen and progestin treatment.
J. Clin. Endocrinol. Metab. 2008, 93, 1655–1661. [CrossRef] [PubMed]

12. Crawford, S.; Santoro, N.; Laughlin, G.A.; Sowers, M.F.; McConnell, D.; Sutton-Tyrrell, K.; Weiss, G.; Vuga, M.; Randolph, J.;
Lasley, B. Circulating dehydroepiandrosterone sulfate concentrations during the menopausal transition. J. Clin. Endocrinol. Metab.
2009, 94, 2945–2951. [CrossRef] [PubMed]

13. Harlow, S.D.; Gass, M.; Hall, J.E.; Lobo, R.; Maki, P.; Rebar, R.W.; Sherman, S.; Sluss, P.M.; de Villiers, T.J.; Group, S.C. Executive
summary of the Stages of Reproductive Aging Workshop + 10: Addressing the unfinished agenda of staging reproductive aging.
J. Clin. Endocrinol. Metab. 2012, 97, 1159–1168. [CrossRef] [PubMed]

14. Geraci, A.; Calvani, R.; Ferri, E.; Marzetti, E.; Arosio, B.; Cesari, M. Sarcopenia and Menopause: The Role of Estradiol. Front.
Endocrinol. 2021, 12, 682012. [CrossRef] [PubMed]

15. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.; Rolland, Y.; Schneider,
S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia
in Older People. Age Ageing 2010, 39, 412–423. [CrossRef] [PubMed]

16. La Colla, A.; Pronsato, L.; Milanesi, L.; Vasconsuelo, A. 17beta-Estradiol and testosterone in sarcopenia: Role of satellite cells.
Ageing Res. Rev. 2015, 24 Pt B, 166–177. [CrossRef] [PubMed]

17. Forcina, L.; Miano, C.; Pelosi, L.; Musarò, A. An Overview About the Biology of Skeletal Muscle Satellite Cells. Curr. Genom. 2019,
20, 24–37. [CrossRef] [PubMed]

18. Collins, B.C.; Arpke, R.W.; Larson, A.A.; Baumann, C.W.; Xie, N.; Cabelka, C.A.; Nash, N.L.; Juppi, H.K.; Laakkonen, E.K.; Sipila,
S.; et al. Estrogen Regulates the Satellite Cell Compartment in Females. Cell Rep. 2019, 28, 368–381.e6. [CrossRef] [PubMed]

19. Juppi, H.K.; Sipila, S.; Cronin, N.J.; Karvinen, S.; Karppinen, J.E.; Tammelin, T.H.; Aukee, P.; Kovanen, V.; Kujala, U.M.; Laakkonen,
E.K. Role of Menopausal Transition and Physical Activity in Loss of Lean and Muscle Mass: A Follow-Up Study in Middle-Aged
Finnish Women. J. Clin. Med. 2020, 9, 1588. [CrossRef]

20. Willoughby, D.S.; Florez, C.; Davis, J.; Keratsopoulos, N.; Bisher, M.; Parra, M.; Taylor, L. Decreased Neuromuscular Function and
Muscle Quality along with Increased Systemic Inflammation and Muscle Proteolysis Occurring in the Presence of Decreased
Estradiol and Protein Intake in Early to Intermediate Post-Menopausal Women. Nutrients 2024, 16, 197. [CrossRef]

21. Arthur, S.T.; Cooley, I.D. The effect of physiological stimuli on sarcopenia; impact of Notch and Wnt signaling on impaired aged
skeletal muscle repair. Int. J. Biol. Sci. 2012, 8, 731–760. [CrossRef] [PubMed]

22. Buford, T.W.; Anton, S.D.; Judge, A.R.; Marzetti, E.; Wohlgemuth, S.E.; Carter, C.S.; Leeuwenburgh, C.; Pahor, M.; Manini, T.M.
Models of accelerated sarcopenia: Critical pieces for solving the puzzle of age-related muscle atrophy. Ageing Res. Rev. 2010, 9,
369–383. [CrossRef] [PubMed]

23. Roth, S.M.; Metter, E.J.; Ling, S.; Ferrucci, L. Inflammatory factors in age-related muscle wasting. Curr. Opin. Rheumatol. 2006, 18,
625–630. [CrossRef] [PubMed]

24. Dobs, A.S.; Nguyen, T.; Pace, C.; Roberts, C.P. Differential effects of oral estrogen versus oral estrogen-androgen replacement
therapy on body composition in postmenopausal women. J. Clin. Endocrinol. Metab. 2002, 87, 1509–1516. [CrossRef] [PubMed]

25. Iannuzzi-Sucich, M.; Prestwood, K.M.; Kenny, A.M. Prevalence of sarcopenia and predictors of skeletal muscle mass in healthy,
older men and women. J. Gerontol. A Biol. Sci. Med. Sci. 2002, 57, M772–M777. [CrossRef] [PubMed]

26. Lambert, K.C.; Curran, E.M.; Judy, B.M.; Lubahn, D.B.; Estes, D.M. Estrogen receptor-alpha deficiency promotes increased
TNF-alpha secretion and bacterial killing by murine macrophages in response to microbial stimuli in vitro. J. Leukoc. Biol. 2004,
75, 1166–1172. [CrossRef] [PubMed]

27. Li, Y.P.; Reid, M.B. NF-kappaB mediates the protein loss induced by TNF-alpha in differentiated skeletal muscle myotubes. Am. J.
Physiol. Regul. Integr. Comp. Physiol. 2000, 279, R1165–R1170. [CrossRef] [PubMed]

28. Agostini, D.; Zeppa Donati, S.; Lucertini, F.; Annibalini, G.; Gervasi, M.; Ferri Marini, C.; Piccoli, G.; Stocchi, V.; Barbieri, E.; Sestili,
P. Muscle and Bone Health in Postmenopausal Women: Role of Protein and Vitamin D Supplementation Combined with Exercise
Training. Nutrients 2018, 10, 1103. [CrossRef] [PubMed]

29. Ogilivie, M.; O’Sullivan, S.; Kyle, C. Reproductive Hormones: The Right Test, at the Right Time, for the Right Patient New
Zealand BPAC. 2013. Available online: https://bpac.org.nz/BT/2013/February/02_hormones.aspx (accessed on 12 July 2024).

https://doi.org/10.1210/jc.2003-031183
https://www.ncbi.nlm.nih.gov/pubmed/15070912
https://doi.org/10.1186/s12905-023-02438-5
https://www.ncbi.nlm.nih.gov/pubmed/37231423
https://doi.org/10.1210/jc.2016-1257
https://www.ncbi.nlm.nih.gov/pubmed/27167056
https://doi.org/10.1007/BF01352006
https://www.ncbi.nlm.nih.gov/pubmed/8348380
https://doi.org/10.1210/jc.2007-2677
https://www.ncbi.nlm.nih.gov/pubmed/18319308
https://doi.org/10.1210/jc.2009-0386
https://www.ncbi.nlm.nih.gov/pubmed/19470626
https://doi.org/10.1210/jc.2011-3362
https://www.ncbi.nlm.nih.gov/pubmed/22344196
https://doi.org/10.3389/fendo.2021.682012
https://www.ncbi.nlm.nih.gov/pubmed/34093446
https://doi.org/10.1093/ageing/afq034
https://www.ncbi.nlm.nih.gov/pubmed/20392703
https://doi.org/10.1016/j.arr.2015.07.011
https://www.ncbi.nlm.nih.gov/pubmed/26247846
https://doi.org/10.2174/1389202920666190116094736
https://www.ncbi.nlm.nih.gov/pubmed/31015789
https://doi.org/10.1016/j.celrep.2019.06.025
https://www.ncbi.nlm.nih.gov/pubmed/31291574
https://doi.org/10.3390/jcm9051588
https://doi.org/10.3390/nu16020197
https://doi.org/10.7150/ijbs.4262
https://www.ncbi.nlm.nih.gov/pubmed/22701343
https://doi.org/10.1016/j.arr.2010.04.004
https://www.ncbi.nlm.nih.gov/pubmed/20438881
https://doi.org/10.1097/01.bor.0000245722.10136.6d
https://www.ncbi.nlm.nih.gov/pubmed/17053510
https://doi.org/10.1210/jcem.87.4.8362
https://www.ncbi.nlm.nih.gov/pubmed/11932273
https://doi.org/10.1093/gerona/57.12.M772
https://www.ncbi.nlm.nih.gov/pubmed/12456735
https://doi.org/10.1189/jlb.1103589
https://www.ncbi.nlm.nih.gov/pubmed/15020652
https://doi.org/10.1152/ajpregu.2000.279.4.R1165
https://www.ncbi.nlm.nih.gov/pubmed/11003979
https://doi.org/10.3390/nu10081103
https://www.ncbi.nlm.nih.gov/pubmed/30115856
https://bpac.org.nz/BT/2013/February/02_hormones.aspx


Physiologia 2024, 4 282

30. Kim, Y.J.; Tamadon, A.; Park, H.T.; Kim, H.; Ku, S.Y. The role of sex steroid hormones in the pathophysiology and treatment of
sarcopenia. Osteoporos. Sarcopenia 2016, 2, 140–155. [CrossRef] [PubMed]

31. Shea, J.L.; Wong, P.Y.; Chen, Y. Free testosterone: Clinical utility and important analytical aspects of measurement. Adv. Clin.
Chem. 2014, 63, 59–84. [CrossRef] [PubMed]

32. Stanikova, D.; Zsido, R.G.; Luck, T.; Pabst, A.; Enzenbach, C.; Bae, Y.J.; Thiery, J.; Ceglarek, U.; Engel, C.; Wirkner, K.; et al.
Testosterone imbalance may link depression and increased body weight in premenopausal women. Transl. Psychiatry 2019, 9, 160.
[CrossRef] [PubMed]

33. Lee, C.E.; McArdle, A.; Griffiths, R.D. The role of hormones, cytokines and heat shock proteins during age-related muscle loss.
Clin. Nutr. 2007, 26, 524–534. [CrossRef] [PubMed]

34. Fanciulli, G.; Delitala, A.; Delitala, G. Growth hormone, menopause and ageing: No definite evidence for ‘rejuvenation’ with
growth hormone. Hum. Reprod. Update 2009, 15, 341–358. [CrossRef] [PubMed]

35. Baulieu, E.E. Dehydroepiandrosterone (DHEA): A fountain of youth? J. Clin. Endocrinol. Metab. 1996, 81, 3147–3151. [CrossRef]
[PubMed]

36. Greendale, G.A.; Sternfeld, B.; Huang, M.; Han, W.; Karvonen-Gutierrez, C.; Ruppert, K.; Cauley, J.A.; Finkelstein, J.S.; Jiang,
S.F.; Karlamangla, A.S. Changes in body composition and weight during the menopause transition. JCI Insight 2019, 4, 124865.
[CrossRef] [PubMed]

37. Monterrosa-Castro, A.; Ortiz-Banquez, M.; Mercado-Lara, M. Prevalence of sarcopenia and associated factors in climacteric
women of the Colombian Caribbean. Menopause 2019, 26, 1038–1044. [CrossRef] [PubMed]

38. Walston, J.D. Sarcopenia in older adults. Curr. Opin. Rheumatol. 2012, 24, 623–627. [CrossRef] [PubMed]
39. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyere, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.

Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31, Erratum in Age Ageing 2019,
48, 601. [CrossRef] [PubMed]

40. Chen, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Chou, M.Y.; Iijima, K.; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J. Am. Med. Dir. Assoc. 2020, 21,
300–307.e2. [CrossRef] [PubMed]

41. Muscaritoli, M.; Anker, S.D.; Argiles, J.; Aversa, Z.; Bauer, J.M.; Biolo, G.; Boirie, Y.; Bosaeus, I.; Cederholm, T.; Costelli, P.; et al.
Consensus definition of sarcopenia, cachexia and pre-cachexia: Joint document elaborated by Special Interest Groups (SIG)
“cachexia-anorexia in chronic wasting diseases” and “nutrition in geriatrics”. Clin. Nutr. 2010, 29, 154–159. [CrossRef]

42. Fielding, R.A.; Vellas, B.; Evans, W.J.; Bhasin, S.; Morley, J.E.; Newman, A.B.; Abellan van Kan, G.; Andrieu, S.; Bauer, J.;
Breuille, D.; et al. Sarcopenia: An undiagnosed condition in older adults. Current consensus definition: Prevalence, etiology, and
consequences. International working group on sarcopenia. J. Am. Med. Dir. Assoc. 2011, 12, 249–256. [CrossRef] [PubMed]

43. American College of Sports Medicine. American College of Sports Medicine position stand. Progression models in resistance
training for healthy adults. Med. Sci. Sports Exerc. 2009, 41, 687–708. [CrossRef] [PubMed]

44. Law, T.D.; Clark, L.A.; Clark, B.C. Resistance Exercise to Prevent and Manage Sarcopenia and Dynapenia. Annu. Rev. Gerontol.
Geriatr. 2016, 36, 205–228. [CrossRef] [PubMed]

45. Morton, R.W.; Murphy, K.T.; McKellar, S.R.; Schoenfeld, B.J.; Henselmans, M.; Helms, E.; Aragon, A.A.; Devries, M.C.; Banfield, L.;
Krieger, J.W.; et al. A systematic review, meta-analysis and meta-regression of the effect of protein supplementation on resistance
training-induced gains in muscle mass and strength in healthy adults. Br. J. Sports Med. 2018, 52, 376–384. [CrossRef]

46. Nabuco, H.C.G.; Tomeleri, C.M.; Sugihara, P.J.; Fernandes, R.R.; Cavalcante, E.F.; Dos Santos, L.; Silva, A.M.; Sardinha, L.B.;
Cyrino, E.S. Effect of whey protein supplementation combined with resistance training on cellular health in pre-conditioned older
women: A randomized, double-blind, placebo-controlled trial. Arch. Gerontol. Geriatr. 2019, 82, 232–237. [CrossRef] [PubMed]

47. Whaikid, P.; Piaseu, N. The effectiveness of protein supplementation combined with resistance exercise programs among
community-dwelling older adults with sarcopenia: A systematic review and meta-analysis. Epidemiol. Health 2024, 46, e2024030.
[CrossRef] [PubMed]

48. Volpi, E.; Ferrando, A.A.; Yeckel, C.W.; Tipton, K.D.; Wolfe, R.R. Exogenous amino acids stimulate net muscle protein synthesis in
the elderly. J. Clin. Investig. 1998, 101, 2000–2007. [CrossRef] [PubMed]

49. Dillon, E.L.; Sheffield-Moore, M.; Paddon-Jones, D.; Gilkison, C.; Sanford, A.P.; Casperson, S.L.; Jiang, J.; Chinkes, D.L.; Urban,
R.J. Amino acid supplementation increases lean body mass, basal muscle protein synthesis, and insulin-like growth factor-I
expression in older women. J. Clin. Endocrinol. Metab. 2009, 94, 1630–1637. [CrossRef] [PubMed]

50. Castaneda, C.; Gordon, P.L.; Fielding, R.A.; Evans, W.J.; Crim, M.C. Marginal protein intake results in reduced plasma IGF-I levels
and skeletal muscle fiber atrophy in elderly women. J. Nutr. Health Aging 2000, 4, 85–90. [PubMed]

51. Stokes, T.; Hector, A.J.; Morton, R.W.; McGlory, C.; Phillips, S.M. Recent Perspectives Regarding the Role of Dietary Protein for
the Promotion of Muscle Hypertrophy with Resistance Exercise Training. Nutrients 2018, 10, 180. [CrossRef] [PubMed]

52. Maltais, M.L.; Desroches, J.; Dionne, I.J. Changes in muscle mass and strength after menopause. J. Musculoskelet. Neuronal Interact.
2009, 9, 186–197. [PubMed]

53. Thomas, D.T.; Erdman, K.A.; Burke, L.M. American College of Sports Medicine Joint Position Statement. Nutrition and Athletic
Performance. Med. Sci. Sports Exerc. 2016, 48, 543–568. [CrossRef] [PubMed]

https://doi.org/10.1016/j.afos.2016.06.002
https://www.ncbi.nlm.nih.gov/pubmed/30775480
https://doi.org/10.1016/b978-0-12-800094-6.00002-9
https://www.ncbi.nlm.nih.gov/pubmed/24783351
https://doi.org/10.1038/s41398-019-0487-5
https://www.ncbi.nlm.nih.gov/pubmed/31175272
https://doi.org/10.1016/j.clnu.2007.05.005
https://www.ncbi.nlm.nih.gov/pubmed/17590243
https://doi.org/10.1093/humupd/dmp005
https://www.ncbi.nlm.nih.gov/pubmed/19228699
https://doi.org/10.1210/jcem.81.9.8784058
https://www.ncbi.nlm.nih.gov/pubmed/8784058
https://doi.org/10.1172/jci.insight.124865
https://www.ncbi.nlm.nih.gov/pubmed/30843880
https://doi.org/10.1097/GME.0000000000001347
https://www.ncbi.nlm.nih.gov/pubmed/31453967
https://doi.org/10.1097/BOR.0b013e328358d59b
https://www.ncbi.nlm.nih.gov/pubmed/22955023
https://doi.org/10.1093/ageing/afy169
https://www.ncbi.nlm.nih.gov/pubmed/30312372
https://doi.org/10.1016/j.jamda.2019.12.012
https://www.ncbi.nlm.nih.gov/pubmed/32033882
https://doi.org/10.1016/j.clnu.2009.12.004
https://doi.org/10.1016/j.jamda.2011.01.003
https://www.ncbi.nlm.nih.gov/pubmed/21527165
https://doi.org/10.1249/MSS.0b013e3181915670
https://www.ncbi.nlm.nih.gov/pubmed/19204579
https://doi.org/10.1891/0198-8794.36.205
https://www.ncbi.nlm.nih.gov/pubmed/27134329
https://doi.org/10.1136/bjsports-2017-097608
https://doi.org/10.1016/j.archger.2019.03.007
https://www.ncbi.nlm.nih.gov/pubmed/30870778
https://doi.org/10.4178/epih.e2024030
https://www.ncbi.nlm.nih.gov/pubmed/38374703
https://doi.org/10.1172/JCI939
https://www.ncbi.nlm.nih.gov/pubmed/9576765
https://doi.org/10.1210/jc.2008-1564
https://www.ncbi.nlm.nih.gov/pubmed/19208731
https://www.ncbi.nlm.nih.gov/pubmed/10842420
https://doi.org/10.3390/nu10020180
https://www.ncbi.nlm.nih.gov/pubmed/29414855
https://www.ncbi.nlm.nih.gov/pubmed/19949277
https://doi.org/10.1249/MSS.0000000000000852
https://www.ncbi.nlm.nih.gov/pubmed/26891166


Physiologia 2024, 4 283

54. Bauer, J.; Biolo, G.; Cederholm, T.; Cesari, M.; Cruz-Jentoft, A.J.; Morley, J.E.; Phillips, S.; Sieber, C.; Stehle, P.; Teta, D.; et al.
Evidence-based recommendations for optimal dietary protein intake in older people: A position paper from the PROT-AGE
Study Group. J. Am. Med. Dir. Assoc. 2013, 14, 542–559. [CrossRef] [PubMed]

55. Burd, N.A.; Gorissen, S.H.; van Loon, L.J. Anabolic resistance of muscle protein synthesis with aging. Exerc. Sport. Sci. Rev. 2013,
41, 169–173. [CrossRef] [PubMed]

56. Moreau, K.; Walrand, S.; Boirie, Y. Protein redistribution from skeletal muscle to splanchnic tissue on fasting and refeeding in
young and older healthy individuals. J. Am. Med. Dir. Assoc. 2013, 14, 696–704. [CrossRef] [PubMed]

57. Fulgoni, V.L., 3rd. Current protein intake in America: Analysis of the National Health and Nutrition Examination Survey,
2003–2004. Am. J. Clin. Nutr. 2008, 87, 1554S–1557S. [CrossRef] [PubMed]

58. Kohanmoo, A.; Faghih, S.; Akhlaghi, M. Effect of short- and long-term protein consumption on appetite and appetite-regulating
gastrointestinal hormones, a systematic review and meta-analysis of randomized controlled trials. Physiol. Behav. 2020,
226, 113123. [CrossRef]

59. Abdulnour, J.; Doucet, E.; Brochu, M.; Lavoie, J.M.; Strychar, I.; Rabasa-Lhoret, R.; Prud’homme, D. The effect of the menopausal
transition on body composition and cardiometabolic risk factors: A Montreal-Ottawa New Emerging Team group study.
Menopause 2012, 19, 760–767. [CrossRef] [PubMed]

60. Gregorio, L.; Brindisi, J.; Kleppinger, A.; Sullivan, R.; Mangano, K.M.; Bihuniak, J.D.; Kenny, A.M.; Kerstetter, J.E.; Insogna, K.L.
Adequate dietary protein is associated with better physical performance among post-menopausal women 60–90 years. J. Nutr.
Health Aging 2014, 18, 155–160. [CrossRef] [PubMed]

61. Silva, T.R.; Spritzer, P.M. Skeletal muscle mass is associated with higher dietary protein intake and lower body fat in post-
menopausal women: A cross-sectional study. Menopause 2017, 24, 502–509. [CrossRef]

62. Alkerwi, A.; Vernier, C.; Sauvageot, N.; Crichton, G.E.; Elias, M.F. Demographic and socioeconomic disparity in nutrition:
Application of a novel Correlated Component Regression approach. BMJ Open 2015, 5, e006814. [CrossRef] [PubMed]

63. Gidlow, C.; Johnston, L.; Crone, D.; Ellis, N.; James, D. A systematic review of the relationship between socio-economic position
and physical activity. Health Educ. J. 2016, 65, 338–367. [CrossRef]

64. Dalstra, J.A.; Kunst, A.E.; Borrell, C.; Breeze, E.; Cambois, E.; Costa, G.; Geurts, J.J.; Lahelma, E.; Van Oyen, H.; Rasmussen, N.K.;
et al. Socioeconomic differences in the prevalence of common chronic diseases: An overview of eight European countries. Int. J.
Epidemiol. 2005, 34, 316–326. [CrossRef] [PubMed]

65. Isanejad, M.; Mursu, J.; Sirola, J.; Kroger, H.; Rikkonen, T.; Tuppurainen, M.; Erkkila, A.T. Dietary protein intake is associated with
better physical function and muscle strength among elderly women. Br. J. Nutr. 2016, 115, 1281–1291. [CrossRef] [PubMed]

66. Meng, X.; Zhu, K.; Devine, A.; Kerr, D.A.; Binns, C.W.; Prince, R.L. A 5-Year Cohort Study of the Effects of High Protein Intake on
Lean Mass and BMC in Elderly Postmenopausal Women. J. Bone Miner. Res. 2009, 24, 1827–1834. [CrossRef] [PubMed]

67. Beasley, J.M.; LaCroix, A.Z.; Neuhouser, M.L.; Huang, Y.; Tinker, L.; Woods, N.; Michael, Y.; Curb, J.D.; Prentice, R.L. Protein
intake and incident frailty in the Women’s Health Initiative observational study. J. Am. Geriatr. Soc. 2010, 58, 1063–1071. [CrossRef]
[PubMed]

68. Ten Haaf, D.S.M.; Nuijten, M.A.H.; Maessen, M.F.H.; Horstman, A.M.H.; Eijsvogels, T.M.H.; Hopman, M.T.E. Effects of protein
supplementation on lean body mass, muscle strength, and physical performance in nonfrail community-dwelling older adults: A
systematic review and meta-analysis. Am. J. Clin. Nutr. 2018, 108, 1043–1059. [CrossRef] [PubMed]

69. Castaneda, C.; Charnley, J.M.; Evans, W.J.; Crim, M.C. Elderly women accommodate to a low-protein diet with losses of body cell
mass, muscle function, and immune response. Am. J. Clin. Nutr. 1995, 62, 30–39. [CrossRef] [PubMed]

70. Rossato, L.T.; Nahas, P.C.; de Branco, F.M.S.; Martins, F.M.; Souza, A.P.; Carneiro, M.A.S.; Orsatti, F.L.; de Oliveira, E.P. Higher
Protein Intake Does Not Improve Lean Mass Gain When Compared with RDA Recommendation in Postmenopausal Women
Following Resistance Exercise Protocol: A Randomized Clinical Trial. Nutrients 2017, 12, 1007. [CrossRef] [PubMed]

71. Silva, T.R.; Lago, S.C.; Yavorivski, A.; Ferreira, L.L.; Fighera, T.M.; Spritzer, P.M. Effects of high protein, low-glycemic index
diet on lean body mass, strength, and physical performance in late postmenopausal women: A randomized controlled trial.
Menopause 2020, 28, 307–317. [CrossRef]

72. Nahas, P.C.; Rossato, L.T.; Martins, F.M.; Souza, A.P.; de Branco, F.M.S.; Carneiro, M.A.S.; Teixeira, K.R.C.; Orsatti, F.L.; de
Oliveira, E.P. Moderate Increase in Protein Intake Promotes a Small Additional Improvement in Functional Capacity, But Not in
Muscle Strength and Lean Mass Quality, in Postmenopausal Women Following Resistance Exercise: A Randomized Clinical Trial.
Nutrients 2019, 11, 1323. [CrossRef] [PubMed]

73. Englert, I.; Bosy-Westphal, A.; Bischoff, S.C.; Kohlenberg-Muller, K. Impact of Protein Intake during Weight Loss on Preservation
of Fat-Free Mass, Resting Energy Expenditure, and Physical Function in Overweight Postmenopausal Women: A Randomized
Controlled Trial. Obes. Facts 2021, 14, 259–270. [CrossRef] [PubMed]

74. Cintineo, H.P.; Arent, M.A.; Antonio, J.; Arent, S.M. Effects of Protein Supplementation on Performance and Recovery in
Resistance and Endurance Training. Front. Nutr. 2018, 5, 83. [CrossRef] [PubMed]

75. Simpson, S.J.; Raubenheimer, D.; Black, K.I.; Conigrave, A.D. Weight gain during the menopause transition: Evidence for a
mechanism dependent on protein leverage. BJOG 2023, 130, 4–10. [CrossRef] [PubMed]

76. Moore, D.R.; Areta, J.; Coffey, V.G.; Stellingwerff, T.; Phillips, S.M.; Burke, L.M.; Cleroux, M.; Godin, J.P.; Hawley, J.A. Daytime
pattern of post-exercise protein intake affects whole-body protein turnover in resistance-trained males. Nutr. Metab. 2012, 9, 91.
[CrossRef]

https://doi.org/10.1016/j.jamda.2013.05.021
https://www.ncbi.nlm.nih.gov/pubmed/23867520
https://doi.org/10.1097/JES.0b013e318292f3d5
https://www.ncbi.nlm.nih.gov/pubmed/23558692
https://doi.org/10.1016/j.jamda.2013.06.005
https://www.ncbi.nlm.nih.gov/pubmed/24011660
https://doi.org/10.1093/ajcn/87.5.1554S
https://www.ncbi.nlm.nih.gov/pubmed/18469286
https://doi.org/10.1016/j.physbeh.2020.113123
https://doi.org/10.1097/gme.0b013e318240f6f3
https://www.ncbi.nlm.nih.gov/pubmed/22395454
https://doi.org/10.1007/s12603-013-0391-2
https://www.ncbi.nlm.nih.gov/pubmed/24522467
https://doi.org/10.1097/GME.0000000000000793
https://doi.org/10.1136/bmjopen-2014-006814
https://www.ncbi.nlm.nih.gov/pubmed/25967988
https://doi.org/10.1177/0017896906069378
https://doi.org/10.1093/ije/dyh386
https://www.ncbi.nlm.nih.gov/pubmed/15737978
https://doi.org/10.1017/S000711451600012X
https://www.ncbi.nlm.nih.gov/pubmed/26857389
https://doi.org/10.1359/jbmr.090513
https://www.ncbi.nlm.nih.gov/pubmed/19419320
https://doi.org/10.1111/j.1532-5415.2010.02866.x
https://www.ncbi.nlm.nih.gov/pubmed/20487071
https://doi.org/10.1093/ajcn/nqy192
https://www.ncbi.nlm.nih.gov/pubmed/30475963
https://doi.org/10.1093/ajcn/62.1.30
https://www.ncbi.nlm.nih.gov/pubmed/7598064
https://doi.org/10.3390/nu9091007
https://www.ncbi.nlm.nih.gov/pubmed/28895933
https://doi.org/10.1097/GME.0000000000001692
https://doi.org/10.3390/nu11061323
https://www.ncbi.nlm.nih.gov/pubmed/31200437
https://doi.org/10.1159/000514427
https://www.ncbi.nlm.nih.gov/pubmed/33975325
https://doi.org/10.3389/fnut.2018.00083
https://www.ncbi.nlm.nih.gov/pubmed/30255023
https://doi.org/10.1111/1471-0528.17290
https://www.ncbi.nlm.nih.gov/pubmed/36073244
https://doi.org/10.1186/1743-7075-9-91


Physiologia 2024, 4 284

77. Loenneke, J.P.; Loprinzi, P.D.; Murphy, C.H.; Phillips, S.M. Per meal dose and frequency of protein consumption is associated
with lean mass and muscle performance. Clin. Nutr. 2016, 35, 1506–1511. [CrossRef] [PubMed]

78. Hudson, J.L.; Iii, R.E.B.; Campbell, W.W. Protein Distribution and Muscle-Related Outcomes: Does the Evidence Support the
Concept? Nutrients 2020, 12, 1441. [CrossRef] [PubMed]

79. Moore, D.R.; Churchward-Venne, T.A.; Witard, O.; Breen, L.; Burd, N.A.; Tipton, K.D.; Phillips, S.M. Protein ingestion to stimulate
myofibrillar protein synthesis requires greater relative protein intakes in healthy older versus younger men. J. Gerontol. A Biol.
Sci. Med. Sci. 2015, 70, 57–62. [CrossRef] [PubMed]

80. Breen, L.; Phillips, S.M. Interactions between exercise and nutrition to prevent muscle waste during ageing. Br. J. Clin. Pharmacol.
2013, 75, 708–715. [CrossRef] [PubMed]

81. De Branco, F.M.S.; Carneiro, M.A.S.; Rossato, L.T.; Nahas, P.C.; Teixeira, K.R.C.; de Oliveira, G.N., Jr.; Orsatti, F.L.; de Oliveira, E.P.
Protein timing has no effect on lean mass, strength and functional capacity gains induced by resistance exercise in postmenopausal
women: A randomized clinical trial. Clin. Nutr. 2020, 39, 57–66. [CrossRef] [PubMed]

82. Norton, C.; Toomey, C.; McCormack, W.G.; Francis, P.; Saunders, J.; Kerin, E.; Jakeman, P. Protein Supplementation at Breakfast
and Lunch for 24 Weeks beyond Habitual Intakes Increases Whole-Body Lean Tissue Mass in Healthy Older Adults. J. Nutr. 2016,
146, 65–69. [CrossRef] [PubMed]

83. Draganidis, D.; Karagounis, L.G.; Athanailidis, I.; Chatzinikolaou, A.; Jamurtas, A.Z.; Fatouros, I.G. Inflammaging and Skeletal
Muscle: Can Protein Intake Make a Difference? J. Nutr. 2016, 146, 1940–1952. [CrossRef] [PubMed]

84. Devries, M.C.; Phillips, S.M. Supplemental protein in support of muscle mass and health: Advantage whey. J. Food Sci. 2015, 80
(Suppl. S1), A8–A15. [CrossRef] [PubMed]

85. Kuo, Y.Y.; Chang, H.Y.; Huang, Y.C.; Liu, C.W. Effect of Whey Protein Supplementation in Postmenopausal Women: A Systematic
Review and Meta-Analysis. Nutrients 2022, 14, 4210. [CrossRef] [PubMed]

86. Cano, A.; Garcia-Perez, M.A.; Tarin, J.J. Isoflavones and cardiovascular disease. Maturitas 2010, 67, 219–226. [CrossRef] [PubMed]
87. Franco, O.H.; Chowdhury, R.; Troup, J.; Voortman, T.; Kunutsor, S.; Kavousi, M.; Oliver-Williams, C.; Muka, T. Use of Plant-Based

Therapies and Menopausal Symptoms: A Systematic Review and Meta-analysis. JAMA 2016, 315, 2554–2563. [CrossRef]
[PubMed]

88. Aubertin-Leheudre, M.; Lord, C.; Khalil, A.; Dionne, I.J. Six months of isoflavone supplement increases fat-free mass in obese-
sarcopenic postmenopausal women: A randomized double-blind controlled trial. Eur. J. Clin. Nutr. 2007, 61, 1442–1444.
[CrossRef] [PubMed]

89. Zhang, Y.B.; Chen, W.H.; Guo, J.J.; Fu, Z.H.; Yi, C.; Zhang, M.; Na, X.L. Soy isoflavone supplementation could reduce body weight
and improve glucose metabolism in non-Asian postmenopausal women-a meta-analysis. Nutrition 2012, 29, 8–14. [CrossRef]
[PubMed]

90. Glisic, M.; Kastrati, N.; Musa, J.; Milic, J.; Asllanaj, E.; Portilla Fernandez, E.; Nano, J.; Ochoa Rosales, C.; Amiri, M.; Kraja, B.; et al.
Phytoestrogen supplementation and body composition in postmenopausal women: A systematic review and meta-analysis of
randomized controlled trials. Maturitas 2018, 115, 74–83. [CrossRef] [PubMed]

91. Orsatti, F.L.; Maesta, N.; de Oliveira, E.P.; Nahas Neto, J.; Burini, R.C.; Nunes, P.R.P.; Souza, A.P.; Martins, F.M.; Nahas, E.P.
Adding Soy Protein to Milk Enhances the Effect of Resistance Training on Muscle Strength in Postmenopausal Women. J. Diet.
Suppl. 2018, 15, 140–152. [CrossRef] [PubMed]

92. Martinez-Arnau, F.M.; Fonfria-Vivas, R.; Cauli, O. Beneficial Effects of Leucine Supplementation on Criteria for Sarcopenia: A
Systematic Review. Nutrients 2019, 11, 2504. [CrossRef] [PubMed]

93. Funderburk, L.K.; Beretich, K.N.; Chen, M.D.; Willoughby, D.S. Efficacy of L-leucine Supplementation Coupled With Resistance
Training in Untrained Midlife Women. J. Am. Coll. Nutr. 2020, 39, 316–324. [CrossRef] [PubMed]

94. Funderburk, L.; Heileson, J.; Peterson, M.; Willoughby, D.S. Efficacy of L-Leucine Supplementation Coupled with a Calorie-
Restricted Diet to Promote Weight Loss in Mid-Life Women. J. Am. Coll. Nutr. 2021, 40, 699–707. [CrossRef] [PubMed]

95. Willett, W.; Rockstrom, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A.;
et al. Food in the Anthropocene: The EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet 2019, 393,
447–492. [CrossRef] [PubMed]

96. Rizzo, N.S.; Jaceldo-Siegl, K.; Sabate, J.; Fraser, G.E. Nutrient profiles of vegetarian and nonvegetarian dietary patterns. J. Acad.
Nutr. Diet. 2013, 113, 1610–1619. [CrossRef] [PubMed]

97. Van Vliet, S.; Burd, N.A.; van Loon, L.J. The Skeletal Muscle Anabolic Response to Plant- versus Animal-Based Protein Consump-
tion. J. Nutr. 2015, 145, 1981–1991. [CrossRef] [PubMed]

98. Pinckaers, P.J.M.; Trommelen, J.; Snijders, T.; van Loon, L.J.C. The Anabolic Response to Plant-Based Protein Ingestion. Sports
Med. 2021, 51, 59–74. [CrossRef] [PubMed]

99. Gorissen, S.H.; Horstman, A.M.; Franssen, R.; Crombag, J.J.; Langer, H.; Bierau, J.; Respondek, F.; van Loon, L.J. Ingestion of
Wheat Protein Increases In Vivo Muscle Protein Synthesis Rates in Healthy Older Men in a Randomized Trial. J. Nutr. 2016, 146,
1651–1659. [CrossRef]

100. Stoodley, I.L.; Williams, L.M.; Wood, L.G. Effects of Plant-Based Protein Interventions, with and without an Exercise Component,
on Body Composition, Strength and Physical Function in Older Adults: A Systematic Review and Meta-Analysis of Randomized
Controlled Trials. Nutrients 2023, 15, 4060. [CrossRef] [PubMed]

https://doi.org/10.1016/j.clnu.2016.04.002
https://www.ncbi.nlm.nih.gov/pubmed/27086196
https://doi.org/10.3390/nu12051441
https://www.ncbi.nlm.nih.gov/pubmed/32429355
https://doi.org/10.1093/gerona/glu103
https://www.ncbi.nlm.nih.gov/pubmed/25056502
https://doi.org/10.1111/j.1365-2125.2012.04456.x
https://www.ncbi.nlm.nih.gov/pubmed/22957963
https://doi.org/10.1016/j.clnu.2019.01.008
https://www.ncbi.nlm.nih.gov/pubmed/30691866
https://doi.org/10.3945/jn.115.219022
https://www.ncbi.nlm.nih.gov/pubmed/26581685
https://doi.org/10.3945/jn.116.230912
https://www.ncbi.nlm.nih.gov/pubmed/27581584
https://doi.org/10.1111/1750-3841.12802
https://www.ncbi.nlm.nih.gov/pubmed/25757896
https://doi.org/10.3390/nu14194210
https://www.ncbi.nlm.nih.gov/pubmed/36235862
https://doi.org/10.1016/j.maturitas.2010.07.015
https://www.ncbi.nlm.nih.gov/pubmed/20728290
https://doi.org/10.1001/jama.2016.8012
https://www.ncbi.nlm.nih.gov/pubmed/27327802
https://doi.org/10.1038/sj.ejcn.1602695
https://www.ncbi.nlm.nih.gov/pubmed/17311051
https://doi.org/10.1016/j.nut.2012.03.019
https://www.ncbi.nlm.nih.gov/pubmed/22858192
https://doi.org/10.1016/j.maturitas.2018.06.012
https://www.ncbi.nlm.nih.gov/pubmed/30049351
https://doi.org/10.1080/19390211.2017.1330794
https://www.ncbi.nlm.nih.gov/pubmed/28604135
https://doi.org/10.3390/nu11102504
https://www.ncbi.nlm.nih.gov/pubmed/31627427
https://doi.org/10.1080/07315724.2019.1650675
https://www.ncbi.nlm.nih.gov/pubmed/31577520
https://doi.org/10.1080/07315724.2020.1815607
https://www.ncbi.nlm.nih.gov/pubmed/33030983
https://doi.org/10.1016/S0140-6736(18)31788-4
https://www.ncbi.nlm.nih.gov/pubmed/30660336
https://doi.org/10.1016/j.jand.2013.06.349
https://www.ncbi.nlm.nih.gov/pubmed/23988511
https://doi.org/10.3945/jn.114.204305
https://www.ncbi.nlm.nih.gov/pubmed/26224750
https://doi.org/10.1007/s40279-021-01540-8
https://www.ncbi.nlm.nih.gov/pubmed/34515966
https://doi.org/10.3945/jn.116.231340
https://doi.org/10.3390/nu15184060
https://www.ncbi.nlm.nih.gov/pubmed/37764843


Physiologia 2024, 4 285

101. Huang, Y.W.; Jian, Z.H.; Chang, H.C.; Nfor, O.N.; Ko, P.C.; Lung, C.C.; Lin, L.Y.; Ho, C.C.; Chiang, Y.C.; Liaw, Y.P. Vegan diet and
blood lipid profiles: A cross-sectional study of pre and postmenopausal women. BMC Womens Health 2014, 14, 55. [CrossRef]
[PubMed]

102. Fu, C.H.; Yang, C.C.; Lin, C.L.; Kuo, T.B. Alteration of cardiovascular autonomic functions by vegetarian diets in postmenopausal
women is related to LDL cholesterol levels. Chin. J. Physiol. 2008, 51, 100–105. [PubMed]

103. Fu, C.H.; Yang, C.C.; Lin, C.L.; Kuo, T.B. Effects of long-term vegetarian diets on cardiovascular autonomic functions in healthy
postmenopausal women. Am. J. Cardiol. 2006, 97, 380–383. [CrossRef] [PubMed]

104. Boutot, M.E.; Purdue-Smithe, A.; Whitcomb, B.W.; Szegda, K.L.; Manson, J.E.; Hankinson, S.E.; Rosner, B.A.; Bertone-Johnson,
E.R. Dietary Protein Intake and Early Menopause in the Nurses’ Health Study II. Am. J. Epidemiol. 2018, 187, 270–277. [CrossRef]
[PubMed]

105. Zhao, L.G.; Zhang, Q.L.; Liu, X.L.; Wu, H.; Zheng, J.L.; Xiang, Y.B. Dietary protein intake and risk of type 2 diabetes: A
dose-response meta-analysis of prospective studies. Eur. J. Nutr. 2019, 58, 1351–1367. [CrossRef] [PubMed]

106. Cava, E.; Yeat, N.C.; Mittendorfer, B. Preserving Healthy Muscle during Weight Loss. Adv. Nutr. 2017, 8, 511–519. [CrossRef]
[PubMed]

107. Bopp, M.J.; Houston, D.K.; Lenchik, L.; Easter, L.; Kritchevsky, S.B.; Nicklas, B.J. Lean mass loss is associated with low protein
intake during dietary-induced weight loss in postmenopausal women. J. Am. Diet. Assoc. 2008, 108, 1216–1220. [CrossRef]
[PubMed]

108. Smith, G.I.; Yoshino, J.; Kelly, S.C.; Reeds, D.N.; Okunade, A.; Patterson, B.W.; Klein, S.; Mittendorfer, B. High-Protein Intake
during Weight Loss Therapy Eliminates the Weight-Loss-Induced Improvement in Insulin Action in Obese Postmenopausal
Women. Cell Rep. 2016, 17, 849–861. [CrossRef] [PubMed]

109. Longland, T.M.; Oikawa, S.Y.; Mitchell, C.J.; Devries, M.C.; Phillips, S.M. Higher compared with lower dietary protein during an
energy deficit combined with intense exercise promotes greater lean mass gain and fat mass loss: A randomized trial. Am. J. Clin.
Nutr. 2016, 103, 738–746. [CrossRef] [PubMed]

110. Larsen, M.S.; Witard, O.C.; Holm, L.; Scaife, P.; Hansen, R.; Smith, K.; Tipton, K.D.; Mose, M.; Bengtsen, M.B.; Lauritsen, K.M.;
et al. Dose-Response of Myofibrillar Protein Synthesis To Ingested Whey Protein During Energy Restriction in Overweight
Postmenopausal Women: A Randomized, Controlled Trial. J. Nutr. 2023, 153, 3173–3184. [CrossRef] [PubMed]

111. Hector, A.J.; Marcotte, G.R.; Churchward-Venne, T.A.; Murphy, C.H.; Breen, L.; von Allmen, M.; Baker, S.K.; Phillips, S.M. Whey
protein supplementation preserves postprandial myofibrillar protein synthesis during short-term energy restriction in overweight
and obese adults. J. Nutr. 2015, 145, 246–252. [CrossRef] [PubMed]

112. Hulshof, K.F.; Brussaard, J.H.; Kruizinga, A.G.; Telman, J.; Lowik, M.R. Socio-economic status, dietary intake and 10 y trends: The
Dutch National Food Consumption Survey. Eur. J. Clin. Nutr. 2003, 57, 128–137. [CrossRef] [PubMed]

113. Lawlor, D.A.; Ebrahim, S.; Smith, G.D. The association of socio-economic position across the life course and age at menopause:
The British Women’s Heart and Health Study. Int. J. Obstet. Gynaecol. 2003, 110, 1078–1087.

114. Tiidus, P.M. Benefits of estrogen replacement for skeletal muscle mass and function in post-menopausal females: Evidence from
human and animal studies. Eurasian J. Med. 2011, 43, 109–114. [CrossRef] [PubMed]

115. Neu, A.; Behret, F.; Braun, R.; Herrlich, S.; Liebrich, F.; Loesch-Binder, M.; Schneider, A.; Schweizer, R. Higher glucose
concentrations following protein- and fat-rich meals—The Tuebingen Grill Study: A pilot study in adolescents with type 1
diabetes. Pediatr. Diabetes 2015, 16, 587–591. [CrossRef] [PubMed]

116. Tremblay, F.; Lavigne, C.; Jacques, H.; Marette, A. Role of dietary proteins and amino acids in the pathogenesis of insulin
resistance. Annu. Rev. Nutr. 2007, 27, 293–310. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/1472-6874-14-55
https://www.ncbi.nlm.nih.gov/pubmed/24712525
https://www.ncbi.nlm.nih.gov/pubmed/18666713
https://doi.org/10.1016/j.amjcard.2005.08.057
https://www.ncbi.nlm.nih.gov/pubmed/16442400
https://doi.org/10.1093/aje/kwx256
https://www.ncbi.nlm.nih.gov/pubmed/28992246
https://doi.org/10.1007/s00394-018-1737-7
https://www.ncbi.nlm.nih.gov/pubmed/29858629
https://doi.org/10.3945/an.116.014506
https://www.ncbi.nlm.nih.gov/pubmed/28507015
https://doi.org/10.1016/j.jada.2008.04.017
https://www.ncbi.nlm.nih.gov/pubmed/18589032
https://doi.org/10.1016/j.celrep.2016.09.047
https://www.ncbi.nlm.nih.gov/pubmed/27732859
https://doi.org/10.3945/ajcn.115.119339
https://www.ncbi.nlm.nih.gov/pubmed/26817506
https://doi.org/10.1016/j.tjnut.2023.08.011
https://www.ncbi.nlm.nih.gov/pubmed/37598750
https://doi.org/10.3945/jn.114.200832
https://www.ncbi.nlm.nih.gov/pubmed/25644344
https://doi.org/10.1038/sj.ejcn.1601503
https://www.ncbi.nlm.nih.gov/pubmed/12548307
https://doi.org/10.5152/eajm.2011.24
https://www.ncbi.nlm.nih.gov/pubmed/25610174
https://doi.org/10.1111/pedi.12224
https://www.ncbi.nlm.nih.gov/pubmed/25330823
https://doi.org/10.1146/annurev.nutr.25.050304.092545
https://www.ncbi.nlm.nih.gov/pubmed/17666010

	Introduction 
	Hormone Changes during Menopause 
	Stages of Menopause 
	Estrogen 
	Progesterone 
	Follicular Stimulating Hormone (FSH) and Luteinising Hormone (LH) 
	Testosterone 
	Growth Hormone (GH) and Insulin-Like Growth Factor 1 (IGF-1) 
	Dehydroepiandrosterone (DHEA) 

	Menopause Health, Body Composition and Muscle Function 
	Protein Intake 
	Observational Cross-Sectional Studies 
	Intervention Studies 
	Timing 
	Type of Protein 
	Whey 
	Soy 
	Leucine 
	Vegetarian and Vegan Diets 

	Energy Restriction 

	Discussion 
	Conclusions 
	Future Directions 
	References

