WOMEN'’S
HEALTH

Women'’s Health

Research Article

Correlation between physical activity, © The Authert) 2024
. o 0 . Article reuse guidelines:
appetite, and body composition during sagepubcomournls-permisions

menopausal transition and postmenopause s ontoniie
. . S Sage
in lranian women

Forough Andarzi and Maryam Koushkie Jahromi

Abstract

Background: Hormone fluctuations in women are accompanied by an increase in obesity. Although obesity has various
causes, the interaction between obesity and menopausal status remains unclear.

Objectives: This study aimed to investigate the interaction between lifestyle physical activities (PAs), such as
occupational and household activities, and purposeful exercise, such as sports, with appetite and their correlation with
body composition during the menopausal transition (MT) and postmenopausal (PM) phases.

Design: This was a descriptive cross-sectional design.

Methods: Women aged 42-62years, in the MT or PM phases, were included. PA and appetite were measured using the
validated Beacke questionnaire and the Simplified Nutritional Appetite Questionnaire, respectively. Body weight, height,
waist circumference, and hip circumference were measured to estimate the body mass index (BMI) and waist-to-hip
ratio (WHR).

Results: A total of |0l women were included in the study. A significant positive relationship was found between appetite
and PA in the MT group (r=0.55, p <0.001). In the MT group, PA (3 =-0.38, p=0.009) and appetite (§=0.42, p =0.004)
predicted 16% of the BMI, while PA and appetite predicted 16% of the WHR. Only PA contributed significantly to the
prediction of WHR (B=-0.33, p=0.0.02). In the PM group, PA and appetite predicted 15% of the WHR (p=0.030), and
PA was a significant predictor of the WHR (3 =-0.29, p=0.0.03). There was no significant difference between the BMI
and WHR in active women who regularly performed purposeful exercise compared to inactive women during the PM
phase (p > 0.05). However, the appetite of active women was higher than of inactive women (p=0.003).
Conclusions: Menopausal status was effective on obesity indices, appetite, and PA. Lifestyle PA was superior to appetite
in predicting obesity indices during the MT and PM phases, and particularly during PM; hence, PA was more important
than exercise in determining obesity.

Plain language summary

Exploring the impact of physical activity and appetite on obesity in women during menopause and after
This study looked at how physical activity (PA) and appetite affect obesity in women going through menopause and after.
Hormonal changes during menopause can lead to weight gain, but how this relates to activity levels and appetite is not
well understood. Researchers included 101 women aged 42 to 62 who were either in the menopausal transition (MT)
or postmenopausal (PM). They assessed the participants’ levels of physical activity and appetite using questionnaires and
measured body weight and measurements to calculate body mass index (BMI) and waist-to-hip ratio (WHR). The results
showed a strong link between appetite and physical activity in women going through menopause. Both PA and appetite
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were found to influence BMI and WHR in these women. Interestingly, while both factors predicted obesity measures,
it was mainly physical activity that played a key role in affecting the waist-to-hip ratio. In the postmenopausal group,
physical activity and appetite also influenced waist-to-hip ratio, but there was no significant difference in BMI and WHR
between women who exercised and those who did not. However, active women reported a higher level of appetite
compared to inactive women. In conclusion, the study found that menopausal status impacts body composition and
appetite. Lifestyle physical activity was more influential than appetite in predicting obesity during both the menopausal
transition and after menopause, highlighting the importance of staying active rather than just focusing on exercise in

managing body weight
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Introduction

Due to increased life expectancy, women spend 30%—40%
of their lives postmenopause (PM),' which can be associ-
ated with chronic diseases and mobility limitations.?
Menopause is defined as the cessation of the menstrual
cycle and is diagnosed as 12 months without menstruation.
Menopausal transition (MT) is defined as a dynamic
change of the menstrual cycle, amount of bleeding, and
duration of menstrual flow.? The reduction of estrogen lev-
els during MT and PM is associated with many changes,
which may lead to weight gain, increased visceral fat,
decreased lean body mass, and changes in body composi-
tion.* Hormonal changes and chronological aging influ-
ence fat distribution and energy expenditure.® Estrogen
increases resting energy expenditure®; hence, its suppres-
sion during menopause can be an important cause of obe-
sity. Food intake and appetite can also affect menopausal
obesity.” Estrogen is considered an important factor in
regulating appetite, metabolism, and food intake, and due
to decreased estrogen levels during PM, changes in food
intake and weight gain are expected.® Significant hormo-
nal changes during the MT can ultimately increase the risk
of eating disorders.” Estrogens suppress appetite by influ-
encing the central nervous system and regulating energy
balance. Consequently, it can be hypothesized that a sig-
nificant decrease in estrogen levels during menopause
increases appetite.® Unlike androgens, estradiol causes a
decrease in appetite, and estrogenic stimuli inhibit feeding
in rodents through the estrogen receptor alpha (a) in dif-
ferent regions of the brain.!? Neurotransmitters and gastro-
intestinal peptides interact with sex hormones to maintain
energy expenditure and appetite.’

Estrogen increases energy expenditure associated with
physical activity (PA); therefore, during menopause, a
reduction in resting energy expenditure occurs because of
estrogen deficiency.!! Some evidence suggests that during
MT, PA is reduced and women spend more sedentary
time.'? PA regulates appetite through its effect on satiety

signaling, and PA reduces fat, which in turn reduces its
derived estrogen. According to previous studies, PA and
exercise have beneficial effects on appetite regulation and
energy expenditure.'> Moreover, a reduction in sex hor-
mone levels during menopause has indirect adverse effects
on skeletal muscles, which can lead to a decrease in PA and
basal energy expenditure.’ Therefore, estradiol can influ-
ence appetite and obesity through various mechanisms.

Higher PA levels can reduce the probable negative
effects of menopause on muscle function,'* and PA is the
most crucial lifestyle factor for maintaining a normal body
weight in the elderly.'> Regular PA causes positive changes
in fat distribution and body composition in pre- and PM
women.'® After menopause, hormonal, lifestyle, and envi-
ronmental changes can lead to weight gain.!” However, the
effect of menopause on weight gain, predominantly by
affecting appetite and PA, remains unclear. Therefore,
evaluating the relationship between PA, appetite, and body
composition during the phases before and after menopause
will indicate the possible role of hormonal changes in
determining the relationship between appetite, PA, and
body composition. This study aimed to investigate the
relationship between lifestyle PA, such as occupational
and household activities, purposeful exercise, such as
sports, and appetite, and their correlation with body com-
position during the MT and PM phases.

Materials and methods

Study design

We followed the STROBE Guidelines to prepare the arti-
cle. This was a cross-sectional descriptive study of pre-
and PM women referred to various retirement and sport
centers in Yasuj, the capital city of Kohgiluyeh, and Boyer-
Ahmad provinces in southwestern Iran, from July 2022 to
January 2023. Yasuj has a population of approximately
135,000, with diverse ethnic groups, good health, and
sports facilities.
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Participants

The study proposal and procedures were in accordance
with the principles set forth in the Helsinki Declaration
and were approved by the Graduate and Ethics Committee
ofthe University (registration number: SEP.1403.48.2408).
The participants were informed of the study procedure,
and written informed consent was obtained from each par-
ticipant before participation in the study.

For calculating the sample size, the prevalence of over-
weight and general obesity was reported to be at 90.6% in
premenopausal women and 72.6% in PM women,'® which
is very high, and to detect a simple correlation (r=0.4),
using a two-sided test, 5% significance level (a=0.05),
and with 80% power (B=0.2), the required sample size
was calculated to be 47 participants based on the following
formula'®:

1+r

. . 1
Fisher ’s arctanh transformation was :c¢ (r) = Elog0 0
-r

Given a sample correlation (r) based onNobservations
that was distributed about an actual correlation

value (parameter) p, thenC (r) was normally
distributed with mean C(p) and

B 1
C(n-3)

variance of (0)2

Under the null hypothesis, the test statistic was:
Z =C(r)N'N -3 where Z ~ N(0, 1)

The sample size to achieve specified significance

2
Za+7
level and power was : N = [ £ ] +3

c(r)

In this study, 310 women aged 4262 years voluntarily
participated through announcements in various retirement
and sports centers as they were referred to the researchers
(non-randomly). The self-reported menopausal status was
assessed, and the volunteer participants were divided
based on their menopause status: (1) MT and (2) PM. The
two groups were comparable in terms of ethnicity, eco-
nomic status, and education level. The MT group had sig-
nificant irregularity in the length and order of the menstrual
cycle, with changes in the amount of bleeding, and two
periods in the last 3 months. The PM group had at least
1 year and at most 10 years following the last menstruation.
The inclusion criteria for both groups were ages between
42 and 62 years, stable lifestyle routine, and stable mental
and physical health, such that their daily PA, weight, and
appetite were not affected by a specific disease, medica-
tion, or supplement. The exclusion criteria were as

follows: age outside the range of 42—62 years; poor mental
and physical health; using medicine and supplements in a
way that affects their PA, weight, and appetite; and not
having a stable lifestyle program.

Assessments

Questionnaires were completed during face-to-face inter-
views to measure appetite and PA. The Baecke question-
naire,?® which includes 3 domains and 16 questions about
PA during the previous 12 months, was used to measure
PA. Within each domain, multiple questions are evalu-
ated using a 5-point Likert scale that ranges from “never”
to “always” or “very often.” Our study adhered to the
original scoring system of the questionnaire, wherein the
work domain was assessed using the average score
derived from eight occupational inquiries; the sports
domain was evaluated based on the average score from
four sports-related questions; and the non-sports leisure
domain was determined by the average score from four
habitual PA performed during leisure time. Each domain
was assigned a score ranging from 1 to 5 points, with a
total score of 3 (minimum) to 15 (maximum). Specific
questions were included to ascertain the frequency of the
two most commonly reported sports activities in terms of
months per year and hours per week dedicated to regular
sports participation.

The validity and reliability of the Persian version of this
questionnaire were reported by Sadeghisani et al. in Iran.?!
Women who participated in purposeful exercise or sports
for at least three sessions per week were regarded as active,
and women who did not participate in any kind of purpose-
ful exercise were considered inactive. Women who partici-
pated in irregular exercise, such as two or fewer sessions
of exercise per week, or had variable and unstable lifestyle
programs were excluded from the study.

The Simplified Nutritional Appetite Questionnaire®?
was used to measure the appetite, and includes four items
that measure appetite, satiety, taste of food, and the ability
to eat. Consequently, the sum of all the items indicates the
level of appetite. The total score ranged from 4 to 20 points.
The sum of all scores indicated appetite measurements.
Mohammadi et al.? verified the validity and reliability of
the Persian version of the questionnaire in Iran.?

The height of the subjects was recorded to the closest
0.1 cm using a stadiometer (SECA, Hamburg, Germany).
Weight in light clothing without shoes was measured
using a standard scale (GS 203; Beurer, ULm, Germany)
with an accuracy to the nearest 0.1 kg. Body mass index
(BMI) was calculated as weight (kg) divided by height
squared (m?).

Hip and waist circumferences were measured to esti-
mate the waist-to-hip ratios (WHR). Waist and hip cir-
cumferences were measured twice, accurate to 0.1 cm,
with an inelastic and flexible tape (made in Iran) while
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subjects stood lightly clothed on a horizontal plane at the
end of the normal breathing out phase. The average of
the two measurements was used for further analyses.
Waist circumference was measured at a point midway
between the top of the iliac crest and lower rib margin,
whereas hip circumference was measured at the level of
the greater trochanters. The WHR was calculated as
waist (cm)/hip (cm) ratio.

To prevent possible bias, all interviews and measure-
ments were conducted by one of the researchers using the
same instruments.

Statistical analysis

IBM Statistical Package for the Social Sciences (SPSS 21)
software was used for all analyses. Mean * standard devi-
ation was used to describe variables. The normality of the
data distribution was evaluated using the Kolmogorov—
Smirnov test. In the case of a normal distribution, the
Pearson’s correlation coefficient test was used to assess the
relationships between variables. Spearman’s rank correla-
tion coefficient test was used to assess the relationship
between PA and appetite due to a non-normal distribution.
Multiple linear regression tests were conducted consider-
ing PA and appetite as predictor variables, and BMI and
WHR ratio as criterion variables. The Mann—Whitney U
test was used to compare differences in appetite between
active and inactive women; and an independent sample
t-test was used to compare the differences in BMI and
WHR between active and inactive women. The analysis of
covariance (ANCOVA) test was used to compare the vari-
ables in the PM and MT groups after adjusting for age. No
missing data were noted. Statistical significance was set at
p=<0.05.

Results

Among the 310 volunteers, 101 were eligible based on the
study aims and inclusion criteria. Participants of the study
included 57 MT women aged 47 = 4years, and 44 PM
women aged 54 +4years. The age of menopause in PM
women was 49.21 = 2.04 years, and their duration of men-
opause was 5.93 = 3.68 years.

The education levels in the MT and PM groups were
similar. Most of the participants (82, 81.18%) were house-
wives, and the majority of them (92, 92.92%) were mar-
ried, had a high school (diploma) education (50, 49.50%),
and an average income (69, 68.31%). Of these, 52.47%
performed the purposeful exercises. The majority of the
participants were obese or overweight (88, 87.13%; obese,
44%,; overweight, 42%), and 13 (12.87%) participants
were of normal weight. Of these, 46 (80.7%) from the MT
group and 42 (95.45%) from the PM group were catego-
rized as overweight or obese according to their BMI
(=25). The demographic characteristics of the participants

are presented in Table 1. A significant positive relationship
was found between appetite and lifestyle PA in the MT
group (r=0.55, p<0.001). However, there was no signifi-
cant relationship between appetite and lifestyle PA in the
PM group (r=0.27, p=0.168).

The regression analyses indicated that in the MT group,
PA (B=-0.38, p=0.009) and appetite (3=0.42, p=0.004)
precited 16% of the BMI (Table 2). As a result, in the MT
group, the increase in PA was accompanied by the decrease
in BMI. Moreover, the BMI increased with the increase in
appetite. PA and appetite predicted 16% of the WHR in the
MT group, whereas only PA contributed significantly to
the prediction of WHR (B=-0.33, p=0.02). In the PM
group, PA and appetite predicted 15% of WHR (»p=0.030).
Between these two factors, PA (3=-0.29, p=0.0.03) was
the most important predictor of the WHR in the PM group.
PA and appetite did not predict BMI in the PM group
(p>0.05; Table 2).

Comparison of the MT and PM groups indicated that the
BMI of the PM group was significantly higher than the MT
group (30.4*3.51 versus 28.53 +3.6kg/m? (=-2.577,
p=0.011). However, there was no significant difference in
the BMI between the MT and PM groups when compared
using the ANCOVA and adjusted by age as the covariate
(p=0.124, np?>=0.024). The WHR in the PM group was sig-
nificantly higher than the MT group (0.90+0.04 versus
0.830.04; r=-8.32, p<<0.001). The WHR was signifi-
cantly higher in the PM group than the MT group when com-
pared using the ANCOVA and adjusted by age as covariate
(p<<0.001,np?>=0.24). In the PM group, the appetite (=4.05,
p<<0.001) and total PA (¢=5.03, p<0.001) were lower than
in the MT group (Table 2).

A significant difference in appetite between active and
inactive women in the MT group was observed (p=0.003).
In the MT group, the appetite of active women
(16.92*+1.40) was greater than in inactive women
(15.05 £2.33; Figure 1). However, there was no signifi-
cant difference in appetite between the active and inactive
women in the PM group (p > 0.05; Figure 1). There were
no significant differences in the BMI (Figure 2) or WHR
(Figure 3) between the active and inactive women in either
groups (p>>0.05).

Discussion

This study aimed to compare the BMI, WHR, PA, and
appetite between women with MT and PM. In addition,
this study assessed the relationship between lifestyle PA,
purposeful exercise, and appetite, and their correlation
with body composition during the MT and PM phases.
The findings of this study indicated that in PM women,
the BMI and WHR, especially when adjusted for age, were
higher, whereas appetite and lifestyle PA were lower than
in MT women. A positive correlation was observed
between PA and appetite in the MT group. Appetite and
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Table |. Descriptive characteristics of the participants (N=101).

Parameter

Menopausal transition (N=57)

Post menopause (N=44)

Active women

Inactive Active women Inactive women

(n=39) women (n=18) (n=14) (n=30)
Age (years), mean (SD)
Each group 47.2 (3.63) 46.8 (4.40) 53.3 (3.59) 54.8 (4.56)
Total 47.12 (3.85) 54.31 (4.26)
Appetite(score), mean (SD)
Each group 16.92 (1.40) 15.05 (2.33) 15.50 (1.22) 14.53 (1.77)
Total 16.33 (1.94) 14.84 (1.66)
BMI (kg/m?2), mean (SD)
Each group 28.16 (3.36) 29.35 (4.28) 29.75 (3.75) 30.70 (3.42)
Total 25.83 (3.68) 30.40 (3.51)
WHR, mean (SD)
Each group 0.82 (0.04) 0.84 (0.43) 0.88 (0.44) 0.90 (0.37)
Total 0.83 (0.04) 0.90 (0.04)
Total physical activity (score), mean (SD)
Each group 8.15 (1.05) 5.31 (0.870) 7.30 (1.100) 4.96 (0.78)
Total 7.21 (1.66) 5.70 (1.41)
Marital status (married), frequency (percentage)
Each group 52 (91.23) 40 (90.90%)
Total 92 (92.92%)
Education, number (percentage)
Each group
Diploma 29 (50.88%) 21 (47.72%)
Undergraduate 25 (43.86%) 22 (50%)
Postgraduate 3 (5.26%) 1 (2.27%)
Total
Diploma 50 (49.50%)
Undergraduate 47 (46.53%)
Postgraduate 4 (3.96%)

Economic status more than average, number (percentage)

Each group 39 (68.42%)

Total 69 (68.31%)
Obesity, number (percentage)

Each group

Obese or over weight
Normal weight

Total

Obese or over weight
Normal weight

46 (80.7%)
11 (19.30%)

88 (87.13%)
13 (12.87%)

30 (68.18%)

42 (95.45%)
2 (4.55%)

Variables were defined for each subgroup of active and inactive women, and the total in the menopausal transition and postmenopausal women groups.

BMI, body mass index; WHR, waist-to-hip ratio.

lifestyle PA were significant predictors of BMI and WHR
during PM, and lifestyle PA was the most important pre-
dictor of WHR during PM.

Considering the higher WHR in the PM group than in
the MT group with a large effect size (np>=0.24) and the
statistically similar BMI in the PM and MT groups with a
small effect size (np?>=0.024) when adjusted for age, it can
be concluded that menopause can increase abdominal
obesity regardless of age. The higher abdominal obesity in
PM women compared to pre-menopausal women was

confirmed by previous studies.?* Similar to our findings, a
previous study reported a higher rate of abdominal obesity
compared to general obesity in PM women.? Estrogen can
increase the use of lipids as an energy source and reduce
abdominal fat, which can be through increasing fat oxida-
tion in the muscle and inhibiting lipogenesis in the liver and
muscle mediating by peroxisome proliferator-activated
receptor y and lipoprotein lipase expression.?® Therefore,
lower estrogen during PM could be the cause of higher
WHR or abdominal obesity.
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Table 2. Hierarchical regression analysis predicting the BMI and WHR.

Variable Groups R p f t p B
BMI (kg/cm?) Menopausal transition
PA 0.387 0.16 0.07 543 -2.71 0.009 -0.38
Appetite -2.97 0.004 0.42
Post menopause
PA 0.29 0.4 0.16 1.91 -1.30 0.2 -0.2
Appetite -1.05 0.29 0.16
WHR Menopausal transition
PA 0.35 0.16 0.02 3.77 -2.29 0.02 -0.33
Appetite -0.16 0.87 0.02
Post menopause
PA 0.38 0.15 0.03 3.60 -1.95 0.03 -0.29
Appetite -1.24 0.17 0.18
BMI, body mass index; PA, physical activity; WHR, waist-to-hip ratio.
Appetite BMI
25 N 32
20 31
2
o
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transition 25
. . Menopausal transition Post menopause
M Inactive Active

Figure |. Comparison of appetite between the active

and inactive women in the menopausal transition and
postmenopausal groups.

*Significant difference between the active and inactive women groups.

Regarding the higher BMI and WHR, and lower appe-
tite and lifestyle PA in the PM group than in the MT group,
it can be estimated that higher obesity during menopause
can be related to lower lifestyle PA, including daily and
recreational activities and sports. Increased weight gain
during menopause and its association with cardiovascular
disease have been reported in some studies.?” Aging, along
with estrogen level reduction, may lead to visceral obesity,
which leads to a decrease in energy expenditure.?® In con-
trast to our findings, another study reported that body obe-
sity increased before MT and did not change at the start of
MT.% Dosi et al. demonstrated that PM women, compared
to premenopausal women, had considerably higher BMI
and WHR values.’® Ambikairajah et al. also stated that
BMI and WHR significantly increased between the MT
period and menopause owing to hormonal changes that
occur during midlife, which is when women have a greater

M Inactive Active

Figure 2. Comparison of the BMI between the active
and inactive women in the menopausal transition and
postmenopausal groups.

BMI, body mass index.

androgen-to-estradiol ratio.>! Another main problem with
PM is the lower basal metabolic rate’?; hence, even in the
absence of increasing appetite, BMI can still increase.
Reduced basal metabolic rate (BMR) is induced by a lack
of estrogen.® However, the reasons for menopausal obesity
and the relationship between lifestyle, PA, body composi-
tion indices, and appetite have been investigated.

The findings of the present study indicate a significant
positive relationship between appetite and lifestyle PA in
the MT group. However, there was no significant associa-
tion between appetite and lifestyle PA in the PM group. The
positive relationship between appetite and PA in the MT
group is consistent with the results reported in previous
studies, indicating that an increase in appetite was due to
the compensation of energy used in PA.33 Dorling et al.
indicated that appetite and hunger were greater in
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Figure 3. Comparison of the WHR between the active
and inactive women in the menopausal transition and
postmenopausal groups.

WHR, waist-to-hip ratio.

middle-aged women who were more physically active than
in those who were inactive.'> Van Walleghen et al. also
found that active individuals had higher energy and protein
intake than inactive individuals.>* Notably, appetite is not
an indicator of food intake. Duval et al. stated that appetite
increases but food intake decreases during MT.> Clegg and
Godfrey indicated that increased PA is associated with
improved appetite in elderly women.? In contrast, Beaulieu
et al. stated that PA modifies appetite through satiety sign-
aling.’® Lurati showed that PA suppresses appetite and
increases ghrelin levels.” Therefore, PA increases energy
expenditure or causes physiological changes associated
with an increase in appetite, although defining the exact
mechanisms require further investigation.

Hormonal fluctuations may mediate the relationship
between PA and appetite. In the present study, no signifi-
cant relationship was observed between PA and appetite in
PM women. The average appetite score of PM women was
lower than that of the MT group, whereas their BMI and
WHR were higher than those of the MT group. Two pos-
sible reasons include decreasing energy expenditure
related to lifestyle PA and basal metabolic rate, and not
increasing eating, even in the case of increasing appetite.
Our findings indicate a lower lifestyle PA score in the PM
group, which may be a cause of the higher BMI and WHR
compared with the MT group. Reduced resting energy
expenditure in PM women has been found.’? Estrogens
have been found to play a role in the regulation of energy
balance and suppression of appetite by acting on the cen-
tral nervous system. Consequently, it can be assumed that
abrupt reduction of these hormones would significantly
increase appetite in the MT group.® Age-related appetite
loss can be caused by factors, such as low metabolism and
reduced PA.** Most studies indicate that older adults have
slower gastric emptying than younger adults, which is a

possible mechanism for appetite reduction during aging.3®
However, there are several discrepancies in the findings
regarding the hormones that regulate appetite, which
makes it difficult to describe how sex and PA affect hormo-
nal responses to exercise. Mani et al. reported that exercise
might increase ghrelin levels and decrease appetite, which
is inconsistent with the findings of the current study.* In
summary, increasing PA may be superior to appetite con-
trol in the PM phase for reducing obesity indices.

This study also found that appetite and PA were signifi-
cant predictors of BMI and WHR in the MT group, and PA
was the most important predictor of WHR. In the PM
group, only PA predicted WHR. These findings emphasize
the important role of PA in controlling obesity indices,
especially WHR, in the MT and PM groups. There is evi-
dence that regular PA may reduce weight gain and adverse
changes in body composition that occur with aging and the
transition to menopause.*’

Purposeful exercise may have different effects on obe-
sity; therefore, we compared regular participants in exer-
cise and non-exercise groups. According to the present
study, there was no significant difference between WHR
and BMI in women who participated in purposeful exer-
cise and in inactive women. This may indicate the promi-
nent role of total lifestyle PA compared to exercise. Fenton
also indicated that aging and a sedentary lifestyle are the
main factors for weight gain during menopause.*!

This study also found that PA was the most important
predictor of WHR in PM women. Lifestyle PA was found
to be inversely related to changes in waist circumference
and weight, regardless of age or menopausal status; women
who were less physically active experienced higher
increases in weight and waist circumference.** Therefore,
despite inevitable changes in weight, body composition,
and fat distribution with age and menopause, PA may con-
trol these changes during menopause.

This study found that the lifestyle PA levels in the PM
group were lower than those in the MT group. Ennour-
Idrissi et al. demonstrated an inverse relationship between
PA and estrogen levels during menopause.** The lack of
sex hormones during menopause directly reduces skeletal
muscle mass, which can lead to decreased PA.'*

This study is the first to compare women with MT and
PM, while considering the relationship between appetite,
PA, BMI, waist circumference, and WHR. However, this
study included some limitations, such as a small sample
size, non-random recruitment of participants, not record-
ing the dietary habits and practices of participants, and not
measuring hormonal status, basal metabolism, and psy-
chological stress, which may affect appetite. These limita-
tions should be addressed and measured in future studies.

Conclusions

In summary, this study found that PM was associated with
increasing obesity indices, especially WHR, reduction in
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lifestyle PA, and decreased appetite compared to the MT
phase. Lifestyle PA was superior to appetite in predicting
obesity indices during the MT and PM phases, especially
during PM. Although lifestyle PA is positively related to
appetite, it can also improve body composition by influ-
encing other factors such as metabolism, which requires
further clarification. Lifestyle PA is more important than
purposeful exercise for determining obesity. Therefore,
increasing total lifestyle PA is recommended to reduce
obesity. Regarding the possible effects of ethnicity and
culture on the study variables, generalization of the pre-
sent findings to other groups must be performed with
caution.
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