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Abstract

Background:

The aim was to investigate the relationships among lean mass (LM), fat mass (FM), and bone mineral
density (BMD) in women stratified by body mass index (BMI) (BMI – normal-weight, overweight,
obese) and to determine threshold at which body fat assumes negative relationship with BMD.

Methods:

This was a cross-sectional study in 471 healthy Caucasian women, aged 18-67 years. BMD, LM, and
FM were measured using dual-energy X-ray absorptiometry. Analysis of variance with Bonferroni
corrections was used to test the BMI group differences. Linear regression was used to examine
independent contributions of LM and FM on BMD of various skeletal sites (controlling for age and
height). In overweight/obese women PROC LOESS plots were used to determine the inflection points
at which either LM or FM relationship with BMD changes direction. Separate analyses in pre- and
post-menopausal women were conducted as well.

Results:

Spine and femoral neck BMD were not different among three BMI groups while total body, femur and
radius BMD were statistically different (the highest in the obese group). Linear regression revealed that
LM had significant positive association with BMD of various skeletal sites in all groups. FM showed a
negative association with BMD of femoral neck and femur in normal-weight and spine in overweight
women, but a positive association with radius in obese women. Inflection points showed that body fat
between 33% and 38% assumed negative relationship with BMD for most skeletal sites in overweight
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and obese women.

Conclusions:

Although LM has strong positive relationship with BMD, FM above 33% in overweight/obese women
is negatively related to BMD of most skeletal sites. Therefore, overweight/obesity after certain amount
of FM, may not be a protective factor against osteoporosis in females. For clinical practice in women, it
is important to maintain LM and keep FM accrual below ~30% body fat to maintain good skeletal
health.

Keywords: Body mass index, bone mineral density, fat mass, lean mass, menopause

INTRODUCTION

Osteoporosis, a disorder characterized by low bone mass and microarchitectural deterioration of bone
tissue, is an important public health challenge worldwide. It results in skeletal fragility, fracture
susceptibility and is a significant risk factor for morbidity and mortality among the elderly.[1]
Overweight and/or obesity are other clinical and public health challenges worldwide with numerous
adverse health consequences. For many years, overweight/obesity and osteoporosis were thought to be
mutually exclusive since results from many studies have shown that bone mass is positively associated
with body weight and/or fat.[2,3,4,5] This was largely explained by the effect of gravitational loading
and mechanical stimulation of bones by higher weight. In addition, obesity is associated with insulin
resistance, which may result in androgen and estrogen overproduction in the ovaries and reduced
production of sex hormone binding globulin by the liver in premenopausal women.[6] Higher estrogen
and leptin levels from fat tissue may lead to increased bone mass due to reduced osteoclast and possibly
increased osteoblast activity.[7] In postmenopausal women, adipose tissue is the site of androgen
metabolism and thus the only source of extraglandular estrogens.[6] Furthermore, leptin, an adipocyte-
derived hormone, is involved in the regulation of bone remodeling on both cellular and systemic level,
the former one leading to higher bone mass.[8,9] Therefore, a generally accepted concept was that the
excess weight (comprising fat and muscle tissue) protects against osteoporosis.

Although, both bone mineral density (BMD) and bone mineral content are influenced by lean and fat
mass (FM),[10,11,12,13,14,15,16,17] it is not clear which component, lean mass (LM) or FM has
greater influence on bone and under which circumstances. Some researchers have shown that both LM
and FM are equally associated with BMD,[12,16] others showed that LM is a stronger predictor of
BMD than FM,[13,15,17] and yet another group suggested that total FM is a better predictor of
BMD.[10,11,14] According to Wang et al.,[18] these conflicting results could be attributed to the
changes in body composition with age, gonadal stage, and weight. In general, bone and LM decrease
and weight and FM increase with aging, especially after menopause.[19] Furthermore, the associations
between body composition and BMD in different ethnicities are inconsistent. Reid et al.,[10,11]
reported that FM is positively associated with BMD in Caucasian women, but in a recent study of a
large cohort of Chinese women of different ages, it was found that the risks of osteoporosis, osteopenia,
and non-spine fractures were significantly higher in those with higher percentage of body fat.[20] These
conflicting results suggest a complex relationship among FM, LM, and bone mass indicating that other
factors need to be taken into consideration, including comparison among different skeletal sites,
different body mass index (BMI) groups and menopausal status.

Recently, this idea that a higher body weight, usually reflecting a higher body fat, offers protection
against osteoporosis has been questioned,[21] as new data suggest that rising FM is negatively
correlated with bone mass, even when adjusted for mechanical loading effects.[22] Adipose tissue,
particularly visceral fat, generates various adipokines and other molecules that could provoke
detrimental signaling to bone microenvironment,[23] possibly as a consequence of maintaining the
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low-grade chronic inflammation.[9,24] Therefore, it is necessary to closer examine these relationships
and possibly determine the threshold at which FM starts inflicting some unfavorable effects on bone.

The purpose of this study was to investigate the interaction of LM and FM with BMD of various
skeletal sites in women stratified by BMI into normal-weight, overweight, and obese groups. In
overweight and obese women, the inflection points between each skeletal site and LM and/or FM,
adjusted for age, were determined as well. We hypothesized that overweight and obese women will
have higher BMD values in all measured skeletal sites and that it will be positively associated with LM.
We also hypothesized that at certain point, obesity, expressed as FM (kg or %), will be unfavorably
associated with bone outcomes. The significance of this study is that it provides a comprehensive
analysis of the relationship between body composition (both lean and fat mass) and various skeletal
sites in women with different BMIs and menopausal status and shows the changing modulation of FM
on bone outcomes. To our knowledge, no study so far has identified the threshold points at which body
fat becomes unfavorably related to the BMD of various measured skeletal sites in overweight and obese
women of a wide age range.

METHODS

Participants

This was a cross-sectional study in 471 healthy Caucasian women, aged 18 - 67 years, who were
recruited from the North Florida and South Georgia communities by various advertisements and
word-of-mouth. Participants were excluded for uncontrolled hypertension, diabetes, cardiovascular
disease, gastrointestinal disease, thyroid disease, severe osteoporosis, osteoarthritis, deformity of bones,
cancers, eating disorders, liver and kidney diseases, smoking over one pack of cigarettes per day, taking
calcium and/or Vitamin D supplements, hormones or medications that affect bone metabolism or
weight, any type of estrogen formula, bone antiresorptive (e.g. bisphosphonates), or anabolic (e.g.
teriparatide) drugs. Participants were also excluded if they were currently involved in any weight loss
programs or consuming special diet. Interested women were prescreened via telephone for age, weight,
height, medical history, and smoking status. Those who qualified at the prescreening interview were
invited for their first visit at which time they reviewed and signed an informed consent approved by the
Institutional Review Board at the Florida State University. Participants were assigned code numbers for
data recording to ensure anonymity.

Anthropometry

Height without shoes was recorded to the nearest 0.1 cm and was measured using a wall-mounted
stadiometer (Medart, St. Louis, MO, USA) with heels, buttocks, upper back, and head touching the
vertical plane. Weight was recorded to the nearest 0.1 kg and was measured on a digital scale (Seca
Corp., Model 707, Columbia, MD, USA). When measurements were taken, the participants were in
normal indoor clothes (t-shirt and shorts or scrub pants) without shoes and jewelries. BMI (kg/m ) was
calculated from height and weight.

Body composition measurements

Body composition measurements were performed by dual energy X-ray absorptiometry using the iDXA
instrument with Encore software (version 13.11.016) (GE Medical Systems, Madison, WI, USA). The
whole body scan was utilized to measure total body LM, FM, and BMD. The iDXA has a wider scan
field and higher precision that can accommodate individuals up to 181 kg, avoiding the errors typically
encountered when measuring overweight/obese individuals, and therefore providing a more accurate
assessment of both bone and body composition.[25] The LM component refers to the total LM (derived
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from the whole body scan), after excluding bone and FM. BMD of regional skeletal sites, including
spine (L2–L4), both left and right femurs (neck and total), and radius (1/3 distal) were measured and
analyzed by specialized software for each. The axial skeletal sites, including femoral neck, total femur,
and lumbar spine are the sites where fractures usually occur and the ones used to diagnose osteoporosis
(based on their T-scores). Therefore, those sites were the ones that we focused our analyses on. The
quality analysis for the instrument was conducted on a weekly basis using a standard aluminum spine
block (phantom) provided by the manufacturer. Measurements of the phantom were within the
manufacturer's precision standard of < 0.05% coefficient of variation.

Statistical analysis

The statistical analyses were performed using the statistical program SPSS (version 20 for Windows;
SPSS, Inc., Chicago, IL, USA) and SAS (SAS Institute Inc., Cary, NC, USA) version 9.3, the latter one
to conduct the inflection points analyses. The variables were checked for normality and presented as
mean ± standard deviation, unless noted otherwise. Frequency and percentages were reported for
categorical variables. One-way analysis of variance (ANOVA) was used to determine significant
differences among three BMI groups (normal-weight, overweight, and obese) for anthropometrics, body
composition, and BMD. When significant differences were found with ANOVA, the post-hoc
Bonferroni correction was applied to correct for use of multiple comparisons. Linear regression models
were developed to further evaluate the relationship between BMD of the skeletal sites described above
and other predictors, including FM and LM within BMI groups and controlled for age and height. FM
and LM were examined to predict the association between body composition and BMD of various
regional sites (described above). PROC LOESS plots were used to study the relationship between BMD
and LM and FM in overweight and obese women, only, and determine the inflection points. The
analyses were performed separately on premenopausal and postmenopausal women, as well as on the
total sample of overweight/obese women. Based on the plots, the inflection points were determined for
nonlinearly distributed data and used to divide the data into linear-linear, linear-quadratic or quadratic-
linear models to describe the relationship. PROC NLIN procedure was used to validate the inflection
points, and to obtain the parameter estimates and their 95% confidence interval. P < 0.05 was
considered as significant for all tests.

RESULTS

Descriptive characteristics

Table 1 presents characteristics of subjects divided by BMI groups. A total of 471 healthy Caucasian
women (n = 259 pre and n = 212 postmenopausal) between the ages of 18 and 67 years were evaluated.
The range in body weight and BMI from normal to obese was 45.2-127.8 kg and 18.5 - 44.3 kg/m ,
respectively, with mean weight of 73.8 ± 16.2 kg and BMI of 27.3 ± 5.9 kg/m . The correlation
coefficient between FM and body weight and between LM and body weight were 0.81 and 0.58,
respectively (both P < 0.01). The average proportion of body fat ranged from 30% in the normal-weight
to 47.7% in the obese women. There were 12.7%, 56%, 70% postmenopausal women in normal-weight,
overweight, and obese groups, respectively. There were significantly more postmenopausal women (P <
0.05) in the overweight and obese groups than in normal-weight group. The age of normal-weight
women ranged from 18.1 to 64.1 years, while the age range of the overweight and obese women was
from 18.3-66.9 to 19.5-66.6 years, respectively. There was no significant difference in age, height, years
since menopause, and BMD of the whole body, spine and femoral neck between overweight and obese
women. The obese women had significantly greater amount of LM (kg) but the lower percentage (both
P < 0.05). They also had higher BMD of total body, total femur, and radius (all P < 0.05), compared
with normal-weight women. No significant difference was observed in the spine and femoral neck
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BMD between the three groups.

Table 1
Anthropometrics and BMD variables in women stratified by
menopausal status or BMI (mean±SD)

Multiple regression analysis

The results of multiple regression analysis with BMD of various skeletal sites as dependent variables in
subjects stratified by BMI are shown in Table 2. When adjusted for age and height, a positive
association was found between LM and BMD of all skeletal sites except radius in the normal-weight
and overweight women. LM lost its significant association with most BMD sites except total body
BMD in the obese group. In the normal-weight group, FM was associated with femoral neck and total
femur BMD (P < 0.05). FM showed a negative association with spine BMD in the overweight group,
but a positive one with radius BMD in the obese group (P < 0.01).

Table 2
Multiple linear regression with BMD of various skeletal sites as
dependent variable and lean and FM as independent variables in
women stratified by BMI

Inflection points determination

Figure 1 presents the relationship between total body BMD and LM (a) in all overweight/obese women,
which was significantly positive and linear, with the equation: Total body BMD = 0.74 + 0.00985* total
lean [kg], P < 0.0001. The relationship between total body BMD and FM (b) was not significant (total
body BMD = 1.1797–0.001* total fat [kg]), up to the body fat of 40 kg, at which point the relationship
became quadratic (total body BMD = 0.8757 + 0.00884* total fat [kg] − 0.00005* total fat  [kg]), P =
0.0011, with the upward trend, probably due to the excessive amount of weight and its gravitational
effect on total body BMD. However, when the percent of total fat was used in the analysis, the
relationship (c) was significantly negative (total body BMD = −3.4529 + 0.2885* total fat [%] −
0.0044* total fat  [%], P = 0.05, with the inflection point at 38%. Thereafter, the relationship continued
at a negative trend, but was not significant (total body BMD = 1.9452−0.0344* total fat [%]
+0.000375* total fat  [%]), [Figure 1].

Figure 1
Relationship between total body bone mineral density and total
lean mass (a), total body fat (b) and percent body fat (c) in
overweight and obese women (n = 279)

Figure 2 presents the relationship between lumbar spine BMD and LM (a) in all overweight/obese
women, which was significantly positive and linear, with the equation: L2–L4 BMD = 0.99 + 0.005*
total lean (kg), P < 0.0014. The relationship between spine BMD and FM (b) was not significant at any
point, with the equation: L2–L4 BMD = 1.37–0.006* total fat (kg), up to the body fat of 32 kg, and:
L2–L4 BMD = 1.22 + 0.00012* total fat (kg), above 32 kg. When the percent of total fat was used in
the analysis, the relationship (c) was significantly negative (L2–L4 BMD = −10.06 + 0.39* total fat
[%]), P = 0.05, with the inflection point at 38%. Thereafter, the relationship was quadratic and
continued at a negative trend, but was not significant (L2−L4 BMD = 2.12−0.039* total fat [%]
+0.0004* total fat  [%], [Figure 2].
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Figure 2
Relationship between lumbar spine (L2–L4) bone mineral density
and total lean mass (a), total body fat (b) and percent body fat (c) in
overweight and obese women (n = 279)

Figure 3 presents the relationship between femoral neck BMD and LM (a) in all overweight/obese
women, which was significantly positive and linear, with the equation: Neck BMD = 0.67 + 0.007*
total lean (kg), P < 0.0001. The relationship between neck BMD and FM (b) was not significant at any
point, with the equation: Neck BMD = 0.0765 + 0.048* total fat (kg), up to the body fat of 22 kg, and:
Neck BMD = 1.048–0.0036* total fat (kg) +0.00005* total fat  (kg), above 22 kg. When the percent of
total fat was used in the analysis, the relationship (c) had a positive trend (neck BMD = 0.403 + 0.047*
total fat [%]), P = 0.06, with the inflection point at 33%. Thereafter, the relationship was quadratic and
continued at a negative trend, but was not significant (neck BMD = 1.713–0.03* total fat [%] +0.0003*
total fat  [%]), [Figure 3]. The BMD of other femoral sites (Ward's, trochanter, shaft and total femur)
and forearm showed similar tendencies; positive relationship with LM and changing relationship with
FM, as the FM increases.

Figure 3
Relationship between femoral neck bone mineral density and total
lean mass (a), total body fat (b) and percent body fat (c) in
overweight and obese women (n = 279)

Similar results were obtained when the separate analyses for pre- and post-menopausal
overweight/obese women were conducted. The relationship between LM and BMD of various skeletal
sites was significantly positive and linear, with no inflection points at any site. Regarding the
relationship between FM and BMD of various skeletal sites, the trends were very similar as in the
whole population of overweight/obese women. Specifically, in premenopausal women the inflection
points for a total body, lumbar spine and femoral neck BMD were at 35%, 40% and 40% of FM
respectively. In postmenopausal women the inflection points for a total body, lumbar spine and femoral
neck BMD were at 38%, 40% and 42% of FM respectively.

DISCUSSION

This study is unique and comprehensive as it provides information about the interaction of body weight,
body composition (lean and fat tissue), and BMD of various skeletal sites in women of wide age range
and different weight and/or obesity categories. Furthermore, in the overweight and obese cohort, we
determined the threshold for the skeletal sites at which FM starts to be unfavorably associated with
bone.

As expected, the results showed significant positive relationship between BMD of various skeletal sites
and body weight, also reported earlier,[26,27,28] although obese women in this study had similar BMD
in spine and femoral neck as normal-weight and overweight women, implying that the higher
weight/obesity did not necessarily transfer into higher BMD for all skeletal sites. Additionally, based on
multiple regression models in the whole population, there was a significant positive association between
LM and BMD of most skeletal sites in normal-weight and overweight women except radius; and with
the BMD of total body in obese women. FM showed a positive association with radius BMD in obese
women; a negative association with BMD of the femoral neck and total femur in normal-weight and
spine BMD in overweight women. When only overweight and obese women were analyzed, the
relationship between BMD of each skeletal site and LM was significantly positive and linear. However,
both FM and total fat percentage showed nonlinear relationships, with inflection points between 22–40
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kg and 33–38% of fat (depending on the skeletal site) after which negative relationships were noted
[Figures 1–3]. That was true when pre and postmenopausal women were analyzed separately in which
cases; the inflection points in premenopausal women were even lower for the total boy BMD (at 35%
vs. 38% of FM). However, for other skeletal sites (including spine and femoral neck BMD), the
inflection points for premenopausal women were higher (at 40–42% of FM), compared to
postmenopausal women (not presented).

The positive relationship between body weight on bone mass was expected and was in accordance with
most of the previous results.[26,27,28] However, Sukumar et al.[29] showed no difference in lumbar
spine BMD between heavier (BMI > 25) and normal-weight (BMI < 25) pre- and post-menopausal
women, suggesting that other skeletal sites, like spine and femur might not be affected in the same way
as total body BMD[30] and implying that when body weight reaches a certain level, its positive
association with spine and femoral neck BMD diminishes. This was seen in our overweight/obese
cohort where the total body BMD continued to increase with higher weight (reflecting higher body fat),
but not with the higher percentage of fat [Figure 1b and c] and not in other skeletal sites [Figures 2, 3b
and c]. Based on other studies in older women, greater BMI is generally associated with higher
BMD,[4,31,32] therefore, confirming the older assumption that the weight gain in older women may
reduce the prevalence of osteoporosis. With the results of this study, it becomes obvious that the weight
gain only up to a certain level might be beneficial for bones.

Our findings are also in accordance with the previous reports of a significant positive association of
total body LM and BMD of various sites in women stratified by BMI.[15,33] Ilich and Brownbill[34]
showed that LM was the dominant positive predictor of total body, femoral neck, total femur, and spine
BMD in normal-weight to slightly overweight postmenopausal women. These studies imply that
maintaining LM is critical for maintaining bone mass. In the present study, the positive association of
LM with BMD of spine, femoral neck, and total femur in obese women was lost after adjusting for age
and height in multiple regression models, although overall significance still persisted when adjusted for
age only [Figure 2a]. This might imply that bone mass is primarily determined by the dynamic loads
from muscle force, but not necessarily by the static loads, such as muscle mass of the whole body.[35]
Furthermore, the increase in FM with weight gain may reduce the impact of LM on BMD.

Some studies showed that total FM positively influences total body BMD in postmenopausal
women.[11] In the present study, positive relationship with FM was only observed for the radius BMD
in obese women [Table 2] and for total body BMD in overweight/obese women, in a nonlinear analysis
with the total amount of fat, but not with the % fat [Figure 1b and c]. Since menopause is accompanied
by increased FM and its redistribution, as well as decreased LM and BMD,[16,36] same factors may
have a different impact on BMD during premenopausal or postmenopausal period. This concept was
supported by the present study, demonstrating that FM was positively related to radius BMD in obese
women – the group that included higher percentage of postmenopausal women, with no relation in
premenopausal women [Table 2]. Several other studies have suggested that excessive FM may not
protect against decreases in bone mass.[6,20,37] Just recently, it was shown that adiposity is negatively
associated with BMD in large group of men ranging from 25 to 98 years[38] and adolescent boys and
girls.[39] Although FM or % fat were not significantly negatively related with BMD of total body,
spine, femoral neck and other femoral sites in the whole population, the clear negative trend was present
in our overweight/obese women [Figures 1–3] and inflection points were determined at 38%, 38%, and
33% of FM, respectively. The observed significantly positive relationship in overweight/obese women
between FM and total body BMD, after inflection point of 40 kg, was probably due to the effects of
high weight, since the effects of percentage of body fat were negative, after the inflection point of 38%
[Figure 1b and c]. Based on the recent classification of obesity for men and women being at 30% and
40% of FM, respectively,[40] the negative relation of fat with BMD commences even before the obese
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state has been reached, according to the present data. We also observed a negative association between
FM and femoral neck and total femur BMD in normal-weight women and spine BMD in overweight
women but a positive association with radius in obese women, implying that excess body weight may
not be beneficial at weight-bearing sites, but might be at nonweight bearing sites, such as the forearm.

The mechanism of the negative relationship between FM and BMD is multifaceted. Current
understanding of the skeleton and bone marrow mesenchymal cell differentiation into adipocytes and
osteoblasts does support a negative relationship between fat and bone mass. Adipocyte-derived
hormones such as leptin and adiponectin may play roles in regulating BMD. Leptin has a dual role on
bone and its signaling through sympathetic nervous system may adversely affect bone mass.[8,41]
Plasma adiponectin levels are usually lower in obese and diabetic individuals.[42] In vivo and in vitro
studies indicated that the adiponectin increases bone mass by suppressing the formation of osteoclast
and by activating the formation of osteoblast.[23,43] Based on these studies, decreased adiponectin
levels caused by higher amount of adipose tissue could have a negative effect on bone. Furthermore, the
visceral adiposity-associated inflammatory markers and adipokines may exert a detrimental influence
on BMD.[44,45] Elevated serum levels of interleukin-6 are usually observed in obese children and
adults.[46,47] It has been reported that interleukin-6 stimulates osteoclastogenesis in cell culture
system[48] and is considered as an osteoresorptive factor.[49] Elevated presence of each of these factors
or their combination due to obesity may explain the negative effect of FM on bone, please see the
in-depth review on the issue.[9] In the present study, adipocyte-derived hormones and inflammatory
markers were not measured. Therefore, the association between FM and BMD could not be explained in
terms of molecular functions of FM.

There are several limitations to the present study. The dual energy X-ray absorptiometry technology
assesses lean tissue that was used as a proxy for the actual muscle mass and strength. Also, we used the
amount and/or percentage of total body fat to calculate the inflection points. Abdominal fat might be
even more detrimental for bone due to the secretion of various cytokines and their proinflammatory
effects.[9,50] However, presenting the data with a total body fat might be more practical, as abdominal
fat is not routinely analyzed in clinical settings, when bone measurements are conducted. Because we
present data from Caucasian women, the results might not be applicable to individuals from other
races/ethnicities or in men, however, the biological uniformity of our sample population makes the data
stronger for the interpretation to this particular ethnic/age/gender group – Caucasian women, who are at
the highest risk of developing osteoporosis. There were more postmenopausal women in the overweight
and obese groups compared to the normal-weight women, possibly causing some skewed results. Since
the blood was not drawn in all participants, it was not possible to assess endocrine factors that have
been already identified to have an association with BMD and body composition. The physical activity
was not assessed, but none of the women were engaged in any strenuous physical activity or regular
exercise (as/exclusion criteria), therefore, we can assume it not to be a significant confounder in this
population. Due to the cross-sectional nature, the associations presented between body composition and
BMD do not necessarily represent causal relationships.

CONCLUSIONS

This study showed interactions of LM and FM with BMD in women stratified by BMI, as well as
inflection points for the changed relationship between FM and BMD of several skeletal sites in
overweight and obese women. Based on the linear regression analyses, LM had a positive association
with BMD of all skeletal sites except with radius BMD in normal-weight and overweight groups and
spine, femoral neck, and femur BMD in obese women. FM showed a negative association with BMD of
femoral neck and femur in normal-weight women and spine in overweight women after adjusting for
age and height. FM also showed a positive association with radius BMD in obese women but had no
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association with BMD of various skeletal sites in normal-weight and overweight women in multiple
regression models. The separate analyses in overweight and obese women showed inflection points and
the amount or percentage of FM at which it becomes unfavorable for bone. For most skeletal sites, the
turning point was between 30 and 38% of body fat. The LM, however, remained significantly positively
related to all skeletal sites [Figures 1a, 2a and 3a]. Similar relationships remained in the analyses of
overweight/obese premenopausal women. It is now obvious that the amount/percentage of FM is
responsible for the difference in the association of adiposity with BMD of various skeletal sites between
different BMI groups, therefore overweight or obesity may not be considered a protective factor against
osteoporosis in female population. For clinical practice, it is important to maintain LM and lower FM
buildup (below ~30%) to improve/maintain bone health, particularly in postmenopausal women.
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