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ABSTRACT

Background: Age at the final menstrual period is of clinical and public health interest because the age at
which natural menopause occurs may be a marker of ageing and health, and in general the menopausal
transition increases the risk of many diseases, e.g. redistribution in the pattern of adiposity during the
menopausal transition may increase risk of metabolic disease. The purpose of this research was to study
the relationship between the menopausal status and body fatness.
Subjects and methods: A random sample of 1932Hungarian women was studied. Body composition was
estimated by body impedance analysis. In a subsample free estradiol and progesterone levels in saliva
were quantified.
Results: Body fat mass increased until the late 50s and then had a decrease through senescence. Pre-
menopausal women who were much older than the median age at menopause had a higher amount of
fat than their postmenopausal age-peers, while postmenopausal women, whose menopause occurred
much earlier than the median age at menopause, had less fat than their premenopausal age-peers. The
body fat mass in premenopausal women with low levels of sex hormones was always below the age-
median value of the menopausal status subgroups, while the body fat mass of postmenopausal women
with high levels of sex hormone levels was above the age-median values.
Conclusions: The analysis of body fatness in the menopausal transition revealed that (1) the rate of repro-
ductive ageing and the body fat pattern were significantly related, and (2) body fat mass of women
with unexpected levels of sex hormones was related more to their hormonal levels than to their
menopausal status or their age. Thus future epidemiological screenings of women exposed to higher
levels of menopause-related health risks should be expanded beyond the estimation of menopausal sta-
tus based only on menstrual history to include sex hormone level assessment, as well as body composition
analysis.

© 2016 Published by Elsevier Ireland Ltd.

1. Introduction

roendocrine system regulates the energy balance through (1) the
activity level of the autonomic nervous system, (2) the secretion

Total body mass and the relative mass of tissue components
are influenced by genetic and environmental factors (e.g., lifestyle,
psychosocial, and sociocultural factors) and their interactions [1].
The body fat content of the human body is regulated by the
neuroendocrine system through the whole life span, and can be
maintained in a rather stable condition if the control of balance
between energy intake and expenditure is appropriate. The neu-
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of hormones (e.g., growth hormone, thyroid, insulin, sex steroids,
leptin, adiponectin, resistin, ghrelin) and (3) physical activity and
nutritional behaviours [2-4].

Adipose tissue serves not only as an energy storage site, an insu-
lating layer and a mechanical protective layer, but also serves as an
endocrine organ since several hormones (e.g. leptin, adiponectin,
resistin, estrogens) are produced by this tissue. Almost all of the
health-related changes in the location and amount of adipose tis-
sue by age can be explained by all of these functions of the tissue,
e.g. the increased adipose storage during pregnancy serves lac-
tation after pregnancy. Women in different reproductive stages
are exposed to different hormonal environments. It is evidenced
that, due to the changing sex hormonal levels, the transitions
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between these stages are accompanied by significant changes in
metabolic status and body structure and, as a consequences of
these changes, the transitions are also accompanied by changes
in general health status and quality of life as well [5-11]. There is
much evidence for the relationship between an increase in over-
all morbidity and mortality and early or late ages of onset of the
menopausal transition, e.g. an association of premature menopause
(due to the subsequent oestrogen deficiency) with the increased
risk of cardiovascular [11-14] and autoimmune diseases [14,15],
osteoporosis [16,17], neurological diseases and psychiatric diseases
[18,19] has been confirmed [11,14,15,20-23], while women expe-
riencing menopause at a late age are at a higher risk of breast cancer
[24,25] and abdominal obesity [20-23].

Although there is evidence that ageing is associated with
reduced energy expenditure (in all of its components, such as
physical activity, basal metabolism and adaptive thermogenesis)
[26-28], levels of sex hormones decrease dramatically during
the menopausal transition, and body fat distribution changes in
relation to reproductive ageing due to this change in hormone pro-
duction in women. However the biological processes that lead to
changes in body fat distribution during the menopausal transi-
tion, i.e., an increase of total and central body fat (in particular
an increase in the accumulation of intra-abdominal fat) and a
redistribution of fat from lower body subcutaneous fat toward the
abdominal region [29-31] have not been fully explored [32,33]. In
addition, the changes in body fat distribution by age and during
the menopausal transition cannot be studied independently (the
increase in relative body fat mass and the increase in abdominal fat
accumulation are the main features of body fatness redistribution
by ageing) [29,34-36].

The main purpose of the present study was to analyze the
changes in body fat mass in relation to age and menopausal sta-
tus. The menopausal status of subjects was estimated on the basis
of menstrual history parameters. In addition, free estradiol and
progesterone levels in saliva were quantified in a subsample of sub-
jects. Serum samples cannot be usually collected in epidemiological
surveys. That is why the salivary level of the studied sex hormones
has not been analysed in a larger sample. To achieve the main pur-
pose of the study (1) body fatness (fat mass and fat distribution)
of women was described by ageing and menopausal status, and (2)
body fatness of subjects whose sex hormone levels were out of the
normal interval of their menopausal status category were analysed.

2. Subjects and methods
2.1. Sample

After anthropometric, body composition and osteometric exam-
inations, women (n: 1932, aged 35+ years; Table 1) were
interviewed by questionnaires concerning their reproductive
and menstrual history, socio-demographic background, lifestyle
(habitual physical activity and nutrition), health conditions and
subjective health. The subsample of women who participated in
the saliva estradiol and progesterone estimation consisted of 173
subjects (Table 1). The presented cross-sectional survey was car-
ried out between 2011 and 2014. Sample selection was done by
considering the recommendations of the Sampling and Methodol-
ogy Section of the Hungarian Central Statistical Office, which were
based on the population statistics of the administrative territories
and design-statistical regions.

Women who had any diseases or were taking any medications
known to affect body composition, or who were hysterectomized
or ovariectomized, were not included in the analysis. Only those
women who had not used hormonal contraceptives or other sex

hormones in the last year were asked to collect saliva samples for
sex hormone level estimations.

All subjects were asked to give their informed consent to par-
ticipate in the study. All participants were provided with detailed
information on the main purposes of the study and on all exam-
inations before their approval. The participation was voluntary
and anonymous. The research objectives, the research methodol-
ogy and the questionnaires were approved by the National Human
Research Ethics Committee (108/2011) and the Hungarian Scien-
tific Research Fund (EIK-1001/2011).

2.2. Methods

Subjects were divided into premenopausal, early and late per-
imenopausal and postmenopausal subgroups on the basis of their
menstrual cycle characteristics (the occurrence of irregular periods
and the age of last menstrual period; Table 1):

e premenopausal status: menstrual period in the past 3 months
and no decreased predictability,

e early perimenopausal status: menstrual period in the past 3
months but less predictability in the preceding 12 months,

e late perimenopausal status: menstrual bleeding in the past 12
months but not in the past 3 months, and.

e postmenopausal status: amenorrheic for the past 12 months and
no hysterectomy.

The age of natural menopause was estimated retrospectively
by considering the age at the last menstrual cycle in the post-
menopausal subgroup (median age at menopause was 51.60 years,
95% confidence interval: 50.78-52.40 years, probit analysis) [37].
Subjects were divided into 10-year long birth cohorts. Subjects
were divided into “too early,” “normal” and “too late” menopause
on the basis of the age at normal menopause. Premature menopause
was diagnosed by the cessation of menstruation before the age of
40 years, in accord with the scientific literature, while “too late”
menopause was defined as when the final menstruation period
occurred after the age of 60 years [38,39].

The subjects in the subgroup selected for hormonal level esti-
mations were categorized on the basis of their sex hormone levels.
Due to the financial conditions of the study, saliva samples could
be collected from altogether 200 subjects. The subjects in this sub-
group were selected randomly, to achieve an adequate distribution
of the subgroup by age and menopausal status. Finally sex hor-
mone level estimation could be made in 173 women. In the other 27
women, the saliva was not the appropriate amount, consistency or
colour, or an impossible menstruation status assessment excluded
the collected sample from the hormone level estimation.

It is obvious that the levels of female sex hormones show cyclic
fluctuations during reproductive life, and only one estimation of
hormonal levels is not enough to divide subjects into menopausal
status subgroups even in the context of the average length of men-
strual cycle and date of the last menstruation. Our aim was only to
identify those subjects whose hormonal levels were unexpected for
their menstrual status determined on the basis of menstrual cycle
patterns, i.e. premenopausal women (n: 12) whose hormonal levels
were too low or postmenopausal women (n: 26) whose hormonal
levels were too high for their menopausal status.

The levels of free estradiol and free progesterone were esti-
mated by the 173-Estradiol (RE52601) and Progesterone (RE52281)
Saliva ELISA kits of IBL (Hamburg, Germany). Saliva samples were
collected with commercially available equipment. Subjects were
asked to avoid eating, drinking, chewing gum or brushing their
teeth for 30 min before sampling. Saliva samples were collected
between 10.00 and 12.00 in the morning, stored at —20°C (no
longer than 2 months before the assays), warmed up to room tem-
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Table 1
The distribution of subjects by birth cohort (A) and menopausal status (B).

Total sample

Subsample for hormonal level estimations

N % N %
(A) Birth cohort
1920 320 16.6 0 0
1930 347 18.0 21 121
1940 275 14.2 25 14.5
1950 357 18.5 31 179
1960 256 133 49 28.3
1970 192 9.9 30 17.3
1980 185 9.6 17 9.9
Together 1932 100.0 173 100.0
(B) Menopausal status
Premenopausal 475 24.6 71 41.0
Early perimenopausal 53 2.7 11 6.4
Late perimenopausal 51 2.6 14 8.1
Postmenopausal 941 48.7 77 44.5
Hyster- or ovariectomized 401 21.3 0 0
Unknown status 11 0.6 0 0
Together 1932 100.0 173 100.0

perature and centrifuged to separate the mucins. All standards,
samples and controls were run in duplicate, the absorbance of each
well was determined with an Epoch 267860 microtiter plate reader
at 450 nm. Four subjects (a 23-year-old and a 40-year-old pre-
menopausal women, a 50-year-old perimenopausal woman and
a 67-year old postmenopausal woman, whose menopausal status
was estimated on the basis of menstrual bleeding patterns) were
asked to collect saliva samples through a 42-day long interval. They
were expected to have the normal hormonal level intervals for
the menstrual status subgroups. The IBL Company also defined the
expected values of menopausal subgroups—but only for pre- and
postmenopausal subgroups between 21 and 75 years. By consider-
ing these recommendations and measured intervals, subjects could
be divided into those with high and low levels of free estradiol and
progesterone levels in the saliva (e.g. women of premenopausal sta-
tus generally demonstrate a level of progesterone above 200 pg/ml
and a level of estradiol above 15pg/ml, while women of post-
menopausal status generally demonstrate a level of progesterone
below 90 pg/ml and a level of estradiol below 1.3 pg/ml). Women
having high levels of both sex hormones were assigned into the
subgroup with high levels of sex hormones, while women having
low levels of both sex hormones were assigned into the subgroup
with low levels of sex hormones.

The body fat fraction was estimated by body impedance analysis
(NutriGuard M device, Datalnput, Germany). Following the WHO
recommendation, the waist-to-hip ratio was used to assess the
body fat distribution [40].

The computations and the statistical analyses were carried out
using SPSS v. 20. Due to the small groups of women in the inter-
centile ranges, the Fisher exact test was used to compare the
expected and observed distributions. Hypotheses were tested at
the 5% level of random error. The centile curves of body fatness
were estimated by using ImsChartMaker Pro 2.3 software (Medical
Research Council, UK 1997-2006; [41]) based on the LMS method,
which utilizes the power transformation family of Box and Cox to
allow the skewness of the measurement distribution, as well as the
median and variability, to vary with age [42].

3. Results

3.1. Age changes in the levels of endogenous estradiol and
progesterone hormones

Since the salivary sample collection was not done in the same
phase of the menstrual cycle in women belonging to the reproduc-

tive subgroup, the variation of the hormonal levels in this subgroup
is obviously much wider than in the postreproductive subgroup,
but a tendency by age can be observed in the case of both hor-
monal levels. The salivary levels of both sexual hormones decreased
by age, but this decrease was observed from the early 40s in the
progesterone level while from the late 40s in the estradiol level
(Fig. 1, individual hormone levels are presented in Fig. 1. only for
those women whose sex hormone levels were consistent with their
menopausal status).

3.2. Body fat mass

The tendency for changes in body fat amount with age was very
similar in the absolute and relative fat mass both in the total group
and in all the menopausal subgroups of women (Fig. 2). By consid-
ering the age changes in body fatness independently of menopausal
status it can be stated that the amount of body fat increased by age
until the early 60s in women and showed an intensive decrease
from the early 70s. Those women whose menopause occurred
much earlier than the median age at menopause had a consider-
ably lower amount of body fatness. While those women who had
not yet experienced the menopausal transition after the estimated
median age at menopause had a much higher body fat mass than
those women who belonged to the menopausal status subgroups.
The median curve of the pre- and perimenopause women differed
from the central tendency of postmenopausal women not only in
its higher values but also in its path, because the plateau in body
mass that could be observed in postmenopausal women did not
appear in women going through menopause at later ages (Fig. 2).

Both the relative and absolute body fat mass median curves of
women with premature menopause showed similar tendencies as
the general tendency of postmenopausal women (Fig. 2) with the
exception of the age interval between 55 and 80 years: women
with a too early menopause had smaller amount of body fat than
women with a normal age at menopause in this age interval. The
WHR median curve of women with premature menopause did not
deviate from the curve of postmenopausal women (the WHR curve
of women experiencing premature menopause therefore was not
presented in Fig. 2).

3.3. Body fat distribution
The waist to hip ratio (WHR) of women showed a slight increase

until the beginning of the 60s in women and then stabilized around
the value of 0.88. The median curve of WHR reached the critical
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Fig. 1. Individual sex hormone levels of women (whose menopausal statuses estimated on the basis of sex hormone levels and menstrual history were equal).
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Fig. 2. Absolute (kg) and relative (kg/m) fat mass (median, estimated by LMS method) and the WHR of women by age and menopausal status (Pre: premenopausal, Peri:
perimenopausal, Post: postmenopausal — estimated by the menstrual history, Premat: women with premature menopause) — the grey lines indicate the 95% confidence
interval (50.78-52.40 years) of median age at menopause (51.60 years) in the studied sample of Hungarian women.

value of abdominal obesity (abdominal obesity: WHR > 0.85, [25])
in the 40s among Hungarian women. The median curves of WHR
did not show considerable differences among the menopausal sub-
groups (Fig. 2).

3.4. Body fatness and levels of endogenous estradiol and
progesterone hormones

By considering both indicators of body fatness (absolute and
relative fat mass), it could be observed that the distribution of indi-

vidual body fat mass among postmenopausal women (based on
menstrual history: who were amenorrheic for the past 12 months
not because of hysterectomy), and whose levels of sex hormone
were higher than women usually have after the age at menopause,
significantly differed from the distribution of body fat mass among
the postmenopausal subgroup (Fig. 3). Contrary to this observation,
those premenopausal women, whose levels of sex hormone were
lower than premenopausal women’s average levels, had lower level
of body fat mass than their premenopausal age-peers (Fig. 3).
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The regional fat distribution on the trunk (WHR) of post-
menopausal women having higher levels of sex hormones did not
differ from their age-peers (Fig. 3), while the waist-to-hip ratio of
premenopausal women with lower levels of sex hormones was sig-
nificantly higher (and higher than the critical value of abdominal
obesity) than their premenopausal age-peers (Fig. 3).

4. Discussion

The menopausal transition is associated with significant
changes in body composition (e.g. body fat distribution, bone min-
eral density), in physiological status (e.g. increased frequency of
psycho-somatic symptoms, dysregulation of the hypothalamic-
pituitary-gonadal axis, muscle sympathetic nerve activity) and
metabolism (resting metabolic rate, fasting insulin levels, changes
in the lipid profile and IGF-I level). These somatic changes and the
general ageing processes of the body together lead to changes in
lifestyle (e.g. decreasing physical activity during leisure time) and
quality of life [29,31,43-47].

Previous studies of body composition changes during the
menopausal transition confirmed a menopause-related (1) increase
in body adiposity, which is accompanied by redistribution of fat
tissue to the intra-abdominal region, (2) and a decrease in fat-free
mass due to decrease of skeletal muscle mass and bone mineral
density [29,30,37,48-51].

Numerous epidemiological studies have shown that obese peo-
ple are at increased health risk [52-58]. Morbidity and mortality
risk is associated with obese nutritional status due to the comor-
bidities of obesity (e.g., insulin resistance, glucose intolerance,
diabetes mellitus, cardiovascular diseases, sleep apnea, arthritis,
certain types of cancer) [59-70].In addition, abdominal obesity was
found to increase the prediction of health risk in obese nutritional
status [71-79].

International comparisons reveal that the age at menopause
shows little variation in its occurrence (ranges between 48 and
52 years) across the European populations (Belgium: 49.98 years,
France: 50.87 years, Italy: 50.90 years, Norway: 52.79 years, Poland:
51.30years, Spain: 50.09 years, Switzerland: 50.28 years, UK: 51.15
years) [80-86]. The median age at last menstruation period, esti-
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mated from a probit model of the age at menopause, was 51.6 years
in the studied sample. This estimation of the age at menopause in
Hungary fits this European interval and the former meta-analysis
estimation of age at menopause for the European region (50.79
years) [87].

The results of the present analysis revealed that age at
menopause and body fatness were significantly related, namely the
body mass of women with early menopause was smaller until the
age of 50-55, while body fatness of women with late menopause
was higher from the age of 50-55 than in women who experienced
the final menstrual period in the normal age range. The body fat
distribution in the studied age interval was unaffected by an early
or late menopause transition in the studied sample.

Those women whose menopause occurred much earlier than
the median age at menopause had a considerably lower amount
of body fatness. While those women who had not yet experi-
enced the menopausal transition after the estimated median age
at menopause had a much higher body fat mass than those women
who belonged to their menopausal status subgroups. The median
curve of the pre- and perimenopause women differed from the
central tendency of postmenopausal women not only in its higher
values but also in its path, because the plateau in body mass that
could be observed in postmenopausal women did not appear in
women going through menopause at later ages.

The redistribution of body fat tissue during the menopausal
transition has been studied by age and menopausal status indepen-
dently until now, but not by considering the combined effect of age
and menopausal status. The shift toward abdominal obesity after
the last menstrual period, which was a general tendency evidenced
by former menopausal studies [29,34-36], could not be confirmed
in women with early or late menopause in the present analysis.
A future longitudinal study of menopausal women’s body compo-
sition could reveal whether a relation exists between the rates of
reproductive ageing, namely the age at menopause and physique
as has been evidenced in the case of menarcheal age, the age at the
beginning of reproductive capacity [88]. Moreover, the fat distri-
bution of women with premature menopause did not differ from
the fat distribution of postmenopausal women in the studied age
interval.

The body fat mass of women with unexpected levels of sex
hormones was related more to their hormonal levels than their
menopausal status or their age, since premenopausal women with
very low sex hormone levels had smaller amounts of body fat,
while postmenopausal women with very high levels of sex hor-
mone had a larger amount of body fat than their age-peers in their
menopausal subgroups. However, the fat distribution of women
showed a significant difference from the waist-to-hip ratio in the
given menopausal subgroup only in the case of premenopausal
women having very low levels of sex hormones, i.e. their waist-
to-hip ratio was higher, thus, their risk for abdominal obesity was
higher than in their premenopausal age-peers. The relationship
between sex hormone levels, nutritional status and reproductive
ageing in the menopausal transition needs further investigation,
because this is a menopause-related topic that has several clinical
concerns as well. The results of the present analysis are in accord
with the results published by one the few studies in this topic. Free-
man et al. [89] reported that obese postmenopausal women had
significantly higher estradiol levels compared to non-obese women
after menopause.

The rate of reproductive ageing, the age at menopause, and the
too early or too late onset of the final menopausal transition are
of high importance. On the basis of our results it is highly recom-
mended that researchers consider these reproductive parameters
as well both sex hormone assessment and body composition anal-
ysis in epidemiological, anthropological and in gynaecological data
collection and analysis.

Beside evidence for an increased risk of breast cancer in rela-
tion to an elevated free concentrations of, there is also a possible
increase in risk with higher estradiol levels for breast cancer before
age 50 years, namely before the menopausal transition[90-92|. This
interrelation between the level of free estradiol and breast can-
cer risk in premenopausal women and the presented interrelation
among the age at menopause, menopausal status, and body fatness
may be considered as evidence for the clinical importance of this
study in addition to the new epidemiological data on body compo-
sition changes during the menopausal transition from the aspect of
menopausal status.

The complex relationship between fatness and female sex hor-
monal status in the female reproductive and postreproductive
periods has not yet been fully explored, since the cause and effects
have not been identified. For example both relations have been
evidenced: (1) adipose tissue is one of the sources of oestro-
gen production, thereby higher fat accumulation can amplify the
endogenous estradiol level, as well as (2) the above average level
of estradiol increases the risk of abdominal obesity. Therefore, fur-
ther longitudinal investigations are needed to understand this very
complex, very strictly regulated transition of the female lifespan.
However, not only the fat fraction but also the muscle fraction
should be considered as body components in such studies, because
of the endocrine function of the muscle tissue.

The decrease in ovarian hormone levels preceded the onset of
the menopause in the studied sample (5-10 years earlier than the
final menstruation cycle generally occurred). This indicator of the
ageing of the neuroendocrine system should be considered seri-
ously, since this physiological process, the decrease in the estradiol
and progesterone levels - in addition to the decrease in inhibin B
and AMH levels and the increase in FSH levels — could help predict
the end of the reproductive period and could warn women and their
health care providers about the beginning of the body structural
and functional changes associated with the menopausal transition.
It must be emphasized that the increasing level of FSH and the
decreasing level of estradiol are currently accepted as the major
endocrine markers of the menopausal transition in the clinical prac-
tice [93,94]. Both early and the late onsets of reproductive ageing
in women lead to serious health consequences. Therefore the com-
plex relationship between menopausal status, endocrine status,
body composition and health risk emphasizes the importance of
conscious weight control and regular screening for abnormal nutri-
tional status and body composition in the menopausal transition.
Besides the assessment of menopausal status, the estimation of sex
hormone levels could help in the rating of body composition and
the planning of lifestyle counseling or medical intervention.

5. Limitations of the study

The main limitation of the study was that saliva samples could
be collected once from the subjects and not repeatedly during a
menstrual cycle. This sample collection could provide only a weak
estimation of hormonal level in relation to menstrual cycle stage.
The division of subjects into subgroups with sex hormone level out
of the normal range of the menopausal status, therefore, was also
less reliable compared to longitudinal sample collection. Data on
the average length of menstrual cycle and date of the last menstru-
ation could help us to determine the menstrual cycle stage.

The other limitation of the study was that saliva samples and not
blood samples were collected from subjects. Since saliva is a blood
ultrafiltrate, only the level free concentration of sex hormones
could be assessed. However, to decrease the effect of this limitation
on the analysis, the normal ranges determined by the manufac-
turer (IBL, Hamburg, Germany) were used to divide subjects into
hormone level subgroups, and saliva samples were collected from
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4 control subjects’ saliva to estimate the real ranges of the studied
sex hormones in the studied sample.

According to the actual scientific literature (e.g. Stages of Repro-
ductive Aging Workshop+ 10 recommendations) [94] beside the
steroid hormone levels the level of FSH is recommended for
menopausal status estimation. The presented study was launched
in2011, when the steroid hormones themselves were also accepted
for such an estimation, and moreover FSH levels cannot be esti-
mated from saliva samples. Therefore the levels of free estradiol
and free progesterone hormones were estimated by the IBL ELISA
kits. Our future aim is to start a new longitudinal study by collect-
ing a smaller sample of women, but estimating the level of not only
the steroid sex hormones, but also FSH, inhibin B and AMH levels
in different stages of the reproductive life.
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