Maturitas 180 (2024) 107898

FI. SEVIER

Contents lists available at ScienceDirect
Maturitas

journal homepage: www.elsevier.com/locate/maturitas

Review article

Check for

Body composition analysis: A snapshot across the perimenopause o

Maria Karaflou™ ", Dimitrios G. Goulis "

2 Endocrinology, Diabetes and Metabolism private practice, Faros, Neo Psychiko, GR-15451 Athens, Greece
® Unit of Reproductive Endocrinology, 1st Department of Obstetrics and Gynecology, Medical School, Aristotle University of Thessaloniki, Thessaloniki GR-56429, Greece

ARTICLE INFO ABSTRACT

Keywords:

Perimenopause

Body composition analysis
Estrogens

During the perimenopause, estrogen concentrations gradually decrease, and this is associated with changes to
women's energy expenditure and intake. These changes result in weight gain and altered body fat distribution,
with increased abdominal fat deposition and cardiometabolic risk via insulin resistance. Body composition
analysis is a useful clinical tool in outpatient settings, as it is simple, not expensive and provides information on

body mass index, skeletal mass, fat mass, fat percentage and basal metabolic rate. This review discusses body
composition analysis as part of a health assessment for healthy women during the perimenopause and in-
vestigates the associations between body composition and cardiometabolic profile.

1. Introduction

Perimenopause starts from the first clinical, biological, and endo-
crine features of the approaching menopause, including vasomotor
symptoms and menstrual irregularity, ending 12 months after the last
menstrual period. It is experienced only with spontaneous (natural), as
opposed to induced menopause [1]. This transition state is characterized
by gradual loss of oocytes, altered responsiveness to gonadal steroid
feedback and hormonal fluctuations with a gradual decline in serum
estrogen concentrations [2]. Menopausal transition starts at the same
time as perimenopause but ends with the last menstrual period [2].
Chronological and ovarian aging are two concurrent processes that in-
fluence the pace and duration of perimenopause [2]. The association
between female reproductive function and body weight regulation is
largely mediated by the sex steroid hormones, estradiol (E;) and pro-
gesterone (Py4) [3].

Perimenopause is associated with a redistribution of subcutaneous
fat from the gluteal or femoral depot to the abdominal depot [4]. These
changes predispose the approximately two million women who reach
menopause annually in the United States to increased cardiometabolic
risk via insulin resistance, type 2 diabetes, and cardiovascular disease
[4]. Body composition analysis assists in understanding the changes
mentioned above and their implications on women's health. Most
studies on fat distribution changes during perimenopause used dual-
energy X-ray absorptiometry (DEXA) measurements to analyze body
composition [5]. Another technique of body composition analysis is via
bioimpedance, a non-expensive, widely used clinical tool in
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epidemiological settings [6].

This review aimed to describe the body composition analysis as a
health assessment proxy in healthy women during the perimenopause
and to investigate its association with cardiometabolic profiles.

2. Methods

A non-systematic search was made via MEDLINE (PubMed, www.
pubmed.gov) and EMBASE (Elsevier) for major publications (i.e., sys-
tematic reviews, meta-analyses, randomized control trials, cohort
studies) about perimenopause, menopause, body composition analysis,
obesity, estrogen deficiency and women's health and disease (search terms)
across the perimenopause. The SPIDER framework (Sample, phenome-
non of interest, design, evaluation, research type) was applied [7].

A total of 185 items were identified via this search strategy, including
original articles and review articles. Duplicates were eliminated. Inclu-
sion criteria for this review were relevance to the topic and recent year
of publication. Studies had to be relevant to the pathophysiology of
changes in body composition analysis in healthy perimenopausal
women. Studies published before 2018 were used only when their
contribution to current knowledge was fundamental and verified with
recent studies.

3. Techniques of body composition analysis

The most frequently used model of body composition evaluation
classifies mass into fat and fat-free. Fat mass is the water-free body
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component [6].

Bioelectrical impedance analysis (BIA) is based on the transit time
needed for a low-voltage electric current to move through the body
compartments. BIA is useful in outpatient settings, as it is simple, non-
expensive and provides information on body mass index (BMI), skel-
etal mass, fat mass, fat percentage and basal metabolic rate (BMR). The
main limitations are related to wide intra- and inter-individual vari-
ability due to the different chemical components of the fat-free mass,
including water, proteins, glycogen, and minerals [6].

Dual-energy X-ray absorptiometry (DEXA) utilizes low-emission X-
rays to measure the attenuation of incident X-ray beams when they pass
through different body tissues (i.e., high attenuation for bone and low
attenuation for fat) [6]. DEXA, on top of bone mineral density estima-
tion, provides visceral fat estimations using validated prediction algo-
rithms [6].

Methodological limitations apply to both techniques [8]. DEXA is
considered more accurate, with a 2 % coefficient of variation in repeated
measurements [8]. BIA has the disadvantage of being dependent on age,
sex, fat percentage and hydration status. These issues might lead to
misinterpretations in subjects with obesity or dehydration [8] (Table 1).

4. Changes during the perimenopause
4.1. Stages of perimenopause

There are four stages of perimenopause: the late reproductive stage,
the early menopausal transition, the late menopausal transition and the
early postmenopause stage. The latter two stages are separated by the
final menstrual period (FMP) [2].

4.1.1. Late reproductive stage

The decline in ovarian reserve leads to compensatory hormonal
changes to maintain regular ovulatory cycling. Anti-Miillerian hormone
(AMH), produced by granulosa cells of small, growing (preantral and
antral) follicles decreases, thus releasing inhibition and allowing acti-
vation of the resting primordial follicle pool [9]. AMH peaks around 25
years and then declines continuously, reflecting the remaining primor-
dial follicle pool [9]. Inhibin B concentrations, produced by larger,
growing (antral and preovulatory) follicles, also decrease at this stage,
inhibiting FSH production. FSH concentrations may be normal to vari-
able and menstrual cycles may be regular to slightly irregular [9].

4.1.2. Early menopausal transition

A woman enters the early menopausal transition stage with a >7-day
difference in cycle length among consecutive menstrual cycles [2]. At
this transition stage, depletion of ovarian follicles continues, and AMH
and inhibin B concentrations decline further. These changes lead to an
early FSH rise (at higher amplitude) during the follicular phase and

Table 1
Comparison of the techniques used for body composition analysis.
Technique Mechanism of Cost Setting Limitations
function
Bioelectrical Transit time Low Outpatient Wide intra-
impedance needed for a low- and inter-
analysis (BIA) voltage electric individual
current to move variability
through the body
compartments.
Dual-energy X- Low-emission X- Higher  Diagnostic More
ray rays to measure the centres accurate/
absorptiometry  attenuation of based on
(DEXA) incident X-ray validated
beams when they prediction
pass through algorithms

different body
tissues
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earlier ovulation. Compensatory increases in follicular aromatase ac-
tivity preserve E; concentrations, resulting in equal or greater estrogen
concentrations than in mid-reproductive women [2]. After ovulation,
diminished P4 and inhibin A production by the corpus luteum are
observed compared with mid-reproductive aged women [2]. This
reduced feedback allows FSH to rise in the luteal phase and recruit the
dominant follicle of the next menstrual cycle, leading to short menstrual
cycles or luteal- out-of-phase ovulation [2]. In summary, compensatory
mechanisms during the early menopausal transition (i.e., elevated FSH,
increased follicular aromatase activity) are largely effective in main-
taining cyclicity and fertility, even with some irregularity (i.e., shorter
menstrual cycles) [2].

4.1.3. Late menopausal transition

Amenorrhea of >60 days indicates the late menopausal transition,
which lasts approximately one to three years. At this stage, compensa-
tory mechanisms fail, FSH is more consistently elevated, estrogen con-
centrations fluctuate but are lower, and P4 continues to decline.
Anovulatory cycles have varying underlying hormonal patterns, which
include: (a) normal rise in follicular phase estrogen and normal surge of
luteinizing hormone (LH), but lack of rise of P4 due to corpus luteum
failure; (b) normal rise in follicular phase estrogen, but failure of the LH
surge, and (c) no rise in estrogen and no LH surge, though LH is
constantly elevated, despite premenopausal estrogen concentrations,
due to hypothalamic-pituitary insensitivity to estrogen's negative feed-
back [2]. There is substantial individual variability in these cycle pat-
terns. When ovulatory cycles occur, they are of normal duration;
hormone concentrations may be within the reference range, indicating
that fertility windows may exist [2].

4.1.4. Early postmenopause stage

The early postmenopausal stage is defined retrospectively, when 12
months have passed since FMP [2]. In this stage, ovarian reserve is
diminished and FSH continues to rise while estrogen concentrations
continue to fall, until they stabilize, approximately two years later [2].
This is a period of prominent vasomotor, psychological, and genitouri-
nary symptoms, and bone mineral loss [2].

4.2. Perimenopause and fat redistribution

Perimenopause leads to male pattern fat deposition and central
adiposity [10]. Some women experience weight gain with an increase in
abdominal fat, while others may present no weight gain, but unfavor-
able changes in body composition with increased visceral and abdom-
inal subcutaneous fat, decreased fat-free mass and decreased bone mass
[11]. Even in women with normal BMI, central obesity (defined as waist
circumference >88 cm) is associated with a higher risk of cardiovascular
disease mortality [12]. Visceral adiposity is more harmful compared
with general adiposity, as fatty liver induces insulin resistance and
predisposes to diabetes [13,14]. A woman might have central adiposity
and sarcopenia, which may mask increased central adiposity if only BMI
is monitored [15]. For this reason, body composition analysis is neces-
sary to estimate central adiposity [16,17].

Toth et al. used DEXA body composition analysis to compare fat
deposition between premenopausal and postmenopausal women and
found that the latter have 36 % more thoracic fat and 49 % greater intra-
abdominal fat compared with premenopausal counterparts [18]. These
differences were independent of age and total fat mass [18]. Greendale
et al. assessed participants' body composition from the Study of Women's
Health Across the Nation (SWAN) cohort via DEXA. They showed
accelerated gain in fat mass and loss in lean mass in perimenopause;
these changes were perimenopause-related rather than aging-related
phenomena [19]. Marlatt et al. enrolled 161 women, 43 years old and
above, in a prospective study with body composition analysis via DEXA.
This study showed racial differences in abdominal fat changes between
Caucasian and African-American women, with a 19 % increase in
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subcutaneous fat and a 15 % increase in visceral fat in Caucasian women
[4]. African-American women had a higher initial level of adiposity
upon entering perimenopause [4] (Fig. 1).

4.3. Perimenopause and muscle loss

Skeletal muscle fibers and tenoblasts express estradiol receptors
[20]. E stimulates muscle regeneration and the proliferation of satellite
cells [20]. A recent review by Collins et al. highlights that cellular
apoptosis pathways, with the participation of heat-shock proteins, li-
gands for cell death receptors and microRNAs, are responsible for
muscle mass decline when estrogens withdraw [21].

Perimenopause via hypoestrogenism predisposes women to sarco-
penia [22]. Sipila et al. studied 897 participants who underwent DEXA
scans to estimate appendicular lean mass as a surrogate of muscle mass,
given that it reflects functional lean mass as a “gold standard” mea-
surement. Sarcopenia was defined by appendicular lean mass below 15
kg (the threshold for sarcopenia). They found an average difference of
0.8 kg along the perimenopause [22]; late perimenopausal and early
postmenopausal group participants had more subjects with appendic-
ular lean mass below the sarcopenia threshold, indicating the direct
effect of estrogen withdrawal in lean mass [22]. Greendale et al. showed
a significant annual decline in muscle mass of 0.06 kg in the five years of
menopause transition based on DEXA body composition analysis mea-
surements [19]. This study also showed that the decline in lean mass in
perimenopausal women continues until up to two years following the
FMP [19] (Fig. 1).

4.4. Perimenopause and bone loss

Muscle mass loss coincides with bone mass loss due to functional
interaction between these two tissues [22]. Both bone and muscle cells
secrete numerous biochemical molecules that maintain their close
developmental association [22,23]. Bone remodeling is constant in
adults, with osteoblasts undertaking bone formation and osteoclasts
undertaking bone resorption. Hypoestrogenism leads to increased bone
turnover with a net deficit in bone formation compared to bone
resorption [22]. The “gold standard” assessment for osteoporosis is
DEXA-measured bone mineral density (BMD) of the femoral neck [22].
In the study of Sipila et al., postmenopausal women had a 5 % lower
BMD compared with premenopausal women. In comparison, 25 % of the
late perimenopausal women had a T-score below —1 (threshold for
osteopenia), suggesting that bone loss starts in the perimenopause (i.e.,
much earlier than FMP) [22] (Fig. 1).

4.5. Aging

While the fundamental process of menopause is related directly to
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ovarian aging, all aspects of the hypothalamic-pituitary-ovarian-uterine
axis are influenced. Over recent decades, several worldwide studies of
the menopausal transition have provided a chronology of hormonal
events that accompany the aging of the reproductive system [2]. In
perimenopause, reproductive and chronological aging occur simulta-
neously, affecting fat distribution, psychological status, and lifestyle
behaviors [24]. On average, women gain 2 to 3 kg during the menopause
transition with high interindividual variability [11]. Most studies sug-
gest that changes in BMI and weight are attributed to aging and changes
in body composition are attributed to reproductive aging [25].

Ambikairajah et al. have shown in a recent meta-analysis that fat
mass increased between premenopausal and postmenopausal women
groups, as evidenced by increased BMI, body weight, body fat percent-
age, waist circumference, hip circumference, waist-hip ratio, visceral
fat, and trunk fat percentage; weight changes were attributable to aging,
not menopause per se [26].

4.6. Lifestyle factors

4.6.1. Physical activity and body composition analysis in the
perimenopause

Irrespective of sex, aging is related to reduced physical activity [27].
Body composition changes are partially due to reduced energy expen-
diture and fat oxidation [28]. Observational studies have shown that the
menopause transition is characterized by decreased physical activity
and a shift towards a more sedentary lifestyle [11,28,29]. Sipila et al.
assessed the level of physical activity in perimenopausal women using a
scale from 1 to 7 as follows:

. No activity beyond daily living needs

. Light walking or outdoor activity one to two times per week

. Light walking or outdoor activity several times per week

. Brisk physical activity leading to sweating or breathlessness one to

two times per week

5. Brisk physical activity leading to sweating or breathlessness several
times per week

6. Physical activity leading to sweating and shortness of breath several
times per week

7. Competitive sports and training.

A WN R

They showed that late perimenopausal women with higher physical
activity levels had greater appendicular lean mass compared with less
active counterparts using DEXA body composition analysis [22]. Inter-
estingly, there were no differences in appendicular muscle mass in
premenopausal/early perimenopausal women with higher physical ac-
tivity and their counterparts with lower physical activity [22]. An
explanation could be that the hormonal concentrations in healthy pre-
menopausal and early perimenopausal women maintain muscle mass to

Perimenopause

Hypoestrogenism and Ovarian aging

Fat redistribution
Increased subcutaneous fat
Increased visceral fat
Fatty liver disease
Insulin resistance
Diabetes

Muscle mass decline
Reduced muscle regeneration

Reduced satellite cells proliferation

\

Bone loss
Increased bone turnover

Net deficit in bone formation

Increased cellular apoptosis
Participation of heat-shock proteins

Ligands for cell death receptors

MicroRNAs

Fig. 1. Pathophysiology of body composition changes during perimenopause.
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the extent that their daily activities are covered [22]. To support this,
sedentary premenopausal women had comparable lean muscle mass
with moderately active late perimenopausal women [22]. The associa-
tion between physical activity and neck of femur BMD was less evident
in this study compared with the association observed between physical
activity and lean muscle mass. Only during the late perimenopausal
stage, there was a positive correlation between the level of physical
activity and BMD, leading again to the conclusion that the higher the
estrogen levels, the lesser the dependence of bone and muscle mass on
physical activity's beneficiary effect [22]. To induce an osteogenic effect
on the femur neck BMD, engagement in intensive physical activity (e.g.,
brisk walking, running, jumping, high-load resistance training) is
necessary [30]. A cross-sectional study evaluated body composition via
a four-compartment model DEXA and compared premenopausal to
perimenopausal women with similar diet and physical activity in terms
of body fat percentage and waist-to-hip ratio (proved to be lower in the
former) [31]. Fat oxidation during moderate-intensity exercise and
change in the respiratory exchange ratio between rest and exercise were
lower in premenopausal women [31], indicating that perimenopause is
the most opportune window for lifestyle interventions [31].

4.6.2. Dietary intake and body composition analysis in the perimenopause
The optimization of diet is increasingly being accepted as a strategy
to reduce the incidence of non-communicable diseases related to es-
trogen deficiency and aging in women, such as cardiovascular disease,
osteoporosis and cognitive decline [16]. Plant-based diet patterns, with
the example of the Mediterranean diet, are proven to reduce all-cause
mortality [32]. A cross-sectional study of 176 perimenopausal women
who answered a food frequency questionnaire and underwent body
composition analysis with DEXA showed that (a) intake of whole-grain
cereals was associated with lower waist circumference, fat mass per-
centage and visceral adipose tissue, (b) intake of nuts, olive oil and fruits
were associated with lower body mass index and fat mass percentage,
and (c) intake of sweetened beverages was associated with higher
weight, BMI, waist circumference and fat mass percentage [33].

4.7. Estrogen cellular actions

The actions of estrogens are mediated by estrogen receptors (ERSs),
more specifically estrogen receptor alpha (ER1) and beta (ER2), encoded
by ESR1 and ESR2 genes, respectively [34]. Subcutaneous and visceral
adipose tissues express ESR1 and ESR2, separately expressed during cell
differentiation [34]. Muscle cells also express ESR1 and ESR2 [34]. The
ratio of ESR1 to ESR2 plays a crucial role in their glucose uptake, as
ESR1 is a positive regulator [35] and ESR2 exerts a suppressive effect on
the glucose transporter-4 (GLUT4) expression [34]. Ahmed et al.
demonstrated that ESR2 expression is lower in premenopausal women,
indicating a higher ESR1-to-ESR2 ratio [34]. Postmenopausal women
present a lower ESR1-to-ESR2 with implications in glucose utilization
[34]. In this study, ESR1 expression correlated positively with HDL-
cholesterol and negatively with BMI, body fat percentage, waist-to-hip
ratio, triglycerides, insulin, and homeostatic model assessment for in-
sulin resistance (HOMA-IR) [34]. ESR2 expression correlated positively
with age and HDL-cholesterol and negatively with BMI, waist-to-hip
ratio, insulin, HOMA-IR, and triglycerides [34].

Fatima et al. showed that E; induces the expression of vascular
endothelial growth factor A (VEGFA), a key factor in the angiogenesis in
adipose tissue, as poor vascularization causes fibrosis and local inflam-
mation and is associated with insulin resistance [35].

5. Body composition analysis and cardiometabolic profiles

Cardiovascular disease (CVD) is the leading cause of mortality in
women, with an accelerated increase in cardiovascular events around
menopause [36]. Worldwide, there were 275 million women with CVD
in 2019, with 35 % of the events being deaths [37]. The menopausal
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transition is associated with increased CVD via lipid and glucose meta-
bolism dysregulation, attributed to body composition changes (i.e., body
fat redistribution and abdominal obesity with non-alcoholic fatty liver
disease) [38,39].

5.1. Body composition analysis and cardiovascular disease

A prospective study by Dehghan et al. examined the hypothesis that
body composition changes across the perimenopause correlate with CVD
parameters [40]. This study showed that the overall change in body
weight was not different between pre- and postmenopausal visits over
five years of observation; nevertheless, body composition changed, with
an increase in total fat mass and a decrease in lean mass [40]. Body fat
distribution changed into a more android-like distribution [40] and
systolic and diastolic blood pressure increased [40]. The changes in total
cholesterol, triglycerides and HDL-cholesterol were minimal and LDL-
cholesterol had a non-significant rise [40], whereas ApoB was
increased, reflecting an increase in the LDL particle concentration across
menopause. Interestingly, plasma PCSK9 (proprotein convertase sub-
tilisin/kexin type 9) concentrations are lower (—21 %, p < 0.01) after
the menopause transition [40].

In the same study, the absolute change in systolic blood pressure did
not correlate with change in total fat, regional fat, and lean masses
across menopause. However, the rise in diastolic blood pressure was
associated with absolute increments in android and visceral adipose
tissue (VAT) masses. The decrease in lean mass was unrelated to the
diastolic blood pressure increase. The increase of ApoB across meno-
pause was associated with an increase in android, VAT, and total fat
mass, but not with changes in leg fat or lean mass [40].

5.2. Body composition analysis and metabolic health

The decline in estrogen concentrations and their dysregulated
cellular actions impact metabolic homeostasis due to the body compo-
sition changes of fat redistribution and their association with insulin
resistance and diabetes [34]. Current evidence on the association of non-
alcoholic fatty liver disease and sex hormones suggests that fluctuations
in estrogen concentrations, relative hyperandrogenism and reduced sex
hormone-binding protein lead to an increased risk of non-alcoholic fatty
liver disease [41]. The perimenopausal changes in body composition
and insulin resistance increase the risk of non-alcoholic fatty liver dis-
ease [41]. Increased BMI and abdominal adiposity are strongly linked to
insulin resistance and increased risk for diabetes mellitus type 2 [11].
Therefore, menopausal transition, with its impact on body composition,
may be associated with insulin resistance and disrupted glucose ho-
meostasis [4,11]. Marlatt et al. showed that Caucasian perimenopausal
women presented increased total and abdominal adiposity (+6 % in
body fat percentage, +9 % in fat mass, +12 % in trunk fat mass, +19 %
in abdominal subcutaneous fat, +15 % in visceral fat) and simultaneous
increases in total cholesterol and LDL-cholesterol during menopause
transition [4].

6. Conclusions

Body composition analysis may be useful in assessing fat deposition,
muscle and bone masses in perimenopausal women. Of the techniques
used, dual-energy X-ray absorptiometry is superior to bioelectrical
impedance as it has lower inter- and intra-individual variability.
Bioelectrical impedance is less expensive and can easily be used in
outpatient settings. As perimenopause is the most opportune window for
lifestyle interventions, perimenopausal women must apply the latter to
counteract the effects of hormonal changes and aging on the car-
diometabolic profile.
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