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Abstract: Menopause and its related hormonal changes are associated with the variation of body 
composition, especially impacting adipose tissue metabolism and the reduction of lean mass. The purpose 
of the present study was to investigate the impact of smoking during menopause on the subsequent effects 
on body composition.

The sample comprised of 572 Slovak women aged between 39 and 65 years (49.67±6.2). Standard 
anthropometric techniques were used to collect anthropometric measurements, whereas bioelectrical 
parameters were measured utilizing a  mono-frequency bioimpedance analyzer (BIA 101). Data on 
menopausal status, physical activity, and smoking habits were obtained via a specific questionnaire.

In postmenopausal women, our results showed a statistically significant difference between smokers 
and non-smokers in BMI, TBW%, ECW%, ICW%, MM%, FFM%, FM% (p < 0.05). No significant 
differences were observed in premenopausal women, although two-way analysis of covariance revealed 
a  significant interaction between smoking and menopausal status on the FM% (p < 0.001), FFM%  
(p < 0.001), and MM% (p = 0.002), whilst controlling for age and physical activity.

In our sample group of middle-aged women, the combined impact of menopause and smoking appeared 
to influence anthropometric parameters and body composition.
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Introduction

Numerous factors, such as aging, health 
status, gender, genetic predisposition, 
and reproductive history influence body 
composition, which can be evaluated us-
ing anthropometric parameters such as 
body mass index (BMI), waist-to-hip ratio 
(WHR), as well as bioelectric impedance 
analysis (BIA) (Luptáková et  al. 2013; 
Drozdová et  al. 2016; Danková et  al. 
2017; Falbová et  al. 2019; Vorobeľová 
et  al. 2021, 2022). Compared to other 
techniques, BIA is a  low-cost, readily ac-
cessible method which does not cause 
radiation exposure. The parameters col-
lected and derived from BIA are the phase 
angle (PhA), reactance (Xc), resistance (R), 
fat mass (FM), fat-free mass (FFM), mus-
cle mass (MM), and total body water 
(TBW) (Marini et al. 2020). Aging is one 
of the main determinants of body com-
position changes; part of this natural pro-
cess in women is menopause, diagnosed 
after 12 months of amenorrhea with per-
manent termination of ovary functions 
(Greendale et  al. 1999). Menopause is 
reportedly linked to an increase in BMI 
and body weight, specifically visceral fat 
mass (Donato et al. 2006; Dmitruk et al. 
2018; Dehghan et al. 2021); the underly-
ing cause is, however, still debated (Al-Safi 
and Polotsky 2015; Karvonen-Gutier-
rez and Kim 2016). These changes lead 
to the presentation of health conditions, 
such as metabolic syndrome and cardio-
vascular diseases (Matvienko et al. 2011; 
Opoku et al. 2023). Lovejoy et al. (2008) 
suggested that it is caused by lower energy 
expenditure and a decline in estrogen lev-
els; others supported a similar hypothesis 
by documenting a rise of abdominal fat in 
response to hormonal changes (Svendsen 
et al. 1995; Kodoth et al. 2022) as report-
ed by a  5-years prospective study where 

women who mitigated the decline of es-
trogen levels by using continuous hor-
mone therapy did not experience weight 
gain (Guthrie et al. 1999). In a more re-
cent study, Kwok et  al. (2012) did not 
find an interaction between smoking and 
hormone activity (and smoking) on waist 
circumference and WHR while other stud-
ies have attributed an increase in BMI and 
obesity only to aging and not menopause 
(Trikudanathan et  al. 2013; Greendale 
et al. 2019; Fenton 2021). Other changes 
in body composition associated with men-
opause include a  reduction of lean mass 
(Sipilä et al. 2020), skeletal muscle mass, 
and total body water (Dmitruk et al. 2018). 
A factor closely related to obesity is a lack 
of physical activity, whereby its effects 
are amplified in postmenopausal women 
already impacted by aging and hormonal 
changes (Dubnov et al. 2003). A combina-
tion of abdominal adiposity, physical in-
activity, and inflammatory markers have 
been related to sarcopenia (Maltais et al. 
2009) while performing physical activity 
is crucial in preserving good health sta-
tus in postmenopausal women. Physical 
activity not only has a profound effect on 
body composition by improving fat distri-
bution (as reported by numerous studies 
conducted on women after menopause; 
Bendinelli et al. 2022; Juppi et al. 2022; 
Harraqui et  al. 2023), but it also reduc-
es mortality rates (Sherman et al. 1999). 
The positive effects of exercise in aging 
women are not limited to better fat dis-
tribution but also to improved FFM and 
skeletal MM, as reported by a  study on 
a  sample of Caucasian women conduct-
ed in Portugal who performed 12 months 
of a combination of step aerobics, muscle 
strength building and flexibility/postural 
control training (Aragão et al. 2014). Fur-
thermore, according to a  meta-analysis, 
high-intensity training, specifically cy-



Association of body composition parameters with menopause and smoking 35

cling, benefits aging women’s body com-
position (Dupuit et al. 2020). In contrast, 
it has been reported that smoking harms 
human health by increasing the risk of 
developing numerous maladies, such as 
cardiovascular diseases and cancer (Dai 
et al. 2022). Smoking also correlates with 
the prevalence of metabolic disorders and 
central obesity (Kwaśniewska et al. 2012), 
hence, smokers tend to have higher viscer-
al fat mass and WHR than non-smokers 
(Falbová et al. 2023). Interestingly, smok-
ers have also been observed to have a low-
er mean BMI compared to non-smokers 
due to an increased metabolic rate; this 
phenomenon has been reported in nu-
merous cross-sectional and observation-
al studies (Canoy et al. 2005; Clair et al. 
2011; Efendi et al. 2018). However, after 
adjusting for confounding factors, other 
studies have reported no difference in fat 
mass between former smokers and per-
sons who have never smoked (Akbart-
abartoori et  al. 2005; Kim et  al. 2012; 
Piirtola et al. 2018) providing further ev-
idence regarding an increase in BMI due 
to quitting smoking. Specifically, in post-
menopausal women who stopped smok-
ing, the increase in fat mass and weight 
was associated with a higher muscle mass 
(Kleppinger et al. 2010). Moreover, among 
those trying to stop smoking women ap-
peared to gain more weight compared 
to men, especially among older women 
compared to younger ones (McVay and 
Copeland 2011; Kasteridis and Yen 2012; 
Allen et al. 2014). In addition, an associa-
tion between smoking and body composi-
tion has been reported by a cross-sectional 
study showing that after the cessation of 
smoking, BMI and FM increased (Stav-
ropoulos-Kalinoglou et al. 2008). However, 
the literature on smoking in aging women 
is scarce and mainly focuses on the effect 
of developing early menopause (Hayat-

bakhsh et al. 2012). A proposed reason for 
smokers’ early menopause is that smok-
ing is detrimental to ovarian function 
and promotes follicular atresia (Mattison 
and Thorgeirsson 1978; Ginsberg 1991). 
Moreover, it has been shown that women 
who smoke experienced difficulties in con-
ception and infertility; hence, these find-
ings support the observed negative effect 
of smoking on the womens’ reproductive 
systems (Olsen et al. 1983; Baird and Wil-
cox 1985). Although it is well known that 
menopause increases fat mass and de-
creases MM (North American Association 
for the Study of Obesity et al. 2000; World 
Health Organization 2011), smoking may 
have different effects on body composition 
parameters (Canoy et al. 2005), depending 
on gender, age category and menopausal 
status. Currently, studies regarding the ef-
fect of smoking on body composition in 
midlife women are rare and yield incon-
sistent result. For example, some of them 
concluded that smoking decreases FM 
(Ambikairajah et  al. 2019), and another 
one suggested that smoking is associated 
with an increase in FM (Portugal et  al. 
2019). Unclear previous results are also 
characterized for MM (Kwaśniewska et al. 
2012; Graff-Iversen et al. 2019).

Our hypothesis suggests that the sig-
nificant interaction effect of these two 
factors – smoking and menopause, ex-
ists. Due to the inconsistent data in the 
literature on the relationship between 
smoking and body composition varia-
bles in middle-aged women, the present 
study aims to investigate this issue after 
adjusting for age and physical activity. 
In addition, to our knowledge, there has 
not been a  single report on their com-
bined effect on body composition, this 
issue should be investigated. Therefore, 
in this cross-sectional study, we analyzed 
the relationships between smoking and 
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body composition in middle-aged wom-
en according to their menopausal status, 
and the interaction effect of smoking and 
menopause on body composition.

Materials and Methods

The investigated sample consisted of 
a homogenous sample of 542 middle-aged 
Slovak women between 39 to 65 years of 
age (mean age 49.67 ± 6.169 years). This 
study was based on data collected during 
two cross-sectional surveys in Slovakia. 
Participants were recruited from different 
localities in Slovakia’s western, southern, 
and middle parts by invitation letter. The 
recruitment involved a non-random pro-
cedure based on volunteering and con-
venience. Collected data was anonymized 
and analyzed solely for scientific purpos-
es. Data was collected between 2009 and 
2015 by the Department of Anthropology 
at Comenius University in Bratislava and 
performed in cooperation with general 
practitioners. The sample included only 
women who provided written informed 
consent to participate in the study to ad-
here to the Declaration of Helsinki princi-
ples. Women who could not respond due 
to severe physical or mental illness and 
with whom anthropometry and body com-
position analysis could not be performed 
were excluded from the study. The wom-
en were interviewed using pre-tested, in-
terviewer-administered questionnaires of 
their reproductive and menstrual history, 
socio-demographic background, lifestyle, 
and health status designed by Kaczmarek 
(2007) and validated in Polish studies 
(The Menopause-Specific Questionnaire, 
A. Mickiewicz University Poznań, Poland, 
Maria Kaczmarek). All socio-demographic 
and lifestyle variables were measured by 
self-reporting. Smoking status was cat-
egorized as current ‘smokers’ (smoking 

once a week to every day) and nonsmok-
ers (never smoking). Physical activity was 
categorized into two groups, regular and 
never, including occasional. Women were 
divided according to their menopausal sta-
tus into late pre-, peri, and postmenopau-
sal groups. The late premenopausal group 
included women who had experienced 
regular menstruation during the last 12 
months, which continued at the time 
of the study. The perimenopausal group 
included women who reported that their 
menstrual cycle length had become more 
irregular in the preceding 12 months or 
that they had stopped menstruating for 
between 3 and 12 months. Women were 
considered postmenopausal if they report-
ed 12 consecutive months of amenor-
rhea before the examination (Vorobeľová 
et  al. 2019). Due to the low number of 
perimenopausal women, this group was 
merged with the premenopausal group. 
This combined group was analyzed in an 
association study between smoking sta-
tus and body composition parameters, 
in our efforts to compare women in the 
reproductive period (defined as the late 
premenopausal and perimenopausal) and 
in the postreproductive period (defined as 
postmenopausal).

Anthropometric and body 
composition analysis

The anthropometric measurements were 
taken after participants had removed 
shoes and heavy clothing. Data were tak-
en by trained anthropologists using stand-
ard techniques; body height was measured 
within 0.5 cm accuracy by a  Sieber and 
Hegner anthropometer at head level with 
the participant standing barefoot with 
feet together; body weight was measured 
on a personal balance scale within 0.1 kg 
accuracy; and BMI was calculated as body 
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weight divided by height squared. The 
waist and hip circumferences were meas-
ured according to the NHLBI Obesity 
Education Initiative (Audrain-McGovern 
and Benowitz 2011) and WHO (World 
Health Organization 2011). WHR was cal-
culated as the circumference of the waist 
divided by the circumference of the hips. 
Body composition measurements were 
carried out in the morning. The body 
composition was measured using the bio-
electric impedance analyzer (BIA 101, Ak-
ern S.r.l.) at a signal frequency of 50 kHz, 
with a  constant excitation current at 
800 μA and a four-electrode arrangement. 
Bioimpedance is a complex quantity com-
posed of resistance (R, Ohm) related to the 
quantity of fluids and reactance (Xc, Ohm) 
related to the capacitance of the cell mem-
brane. Individual variables of body compo-
sition such as phase angle (PhA), fat mass 
(FM), fat-free mass (FFM), muscle mass 
(MM), body cell mass (BCM), total body 
water (TBW), extracellular water (ECW), 
intracellular water (ICW) were obtained 
using the software Bodygram program 
(Version 1.21, Akern S.r.l).

Statistical analysis

IBM SPSS for Windows (Statistical Pack-
age for the Social Science, version 20.0, 
Chicago, IL) was used for all statistical 
analyses, with statistical significance set 
at p ≤ 0.05. Baseline descriptive statis-
tics were performed on the entire sam-
ple; a  division into two pre- and post-
menopausal groups was subsequently 
performed. A  one-sample Kolmogor-
ov-Smirnov test assessed the normality 
assumption hypothesis for continuous 
variables. The parametric independ-
ent sample t-test, the non-parametric 
Mann-Whitney U test, and the unequal 
variances t-test tested the differences in 

smoking and non-smoking groups across 
the body composition variables. Further-
more, due to multiple statistical com-
parisons, to reduce the increased risk of 
a  type I  error, the Bonferroni correction 
(p-value < 0.05/n) was used by multiply-
ing the p-value by the number of com-
parisons. Two-way ANCOVA analyses 
were conducted on the dependent varia-
bles FM%, FFM%, MM%, BMI, TBW%, 
ECW%, and ICW%, with age, education 
level, physical activity, hypertension, and 
chronic cardiovascular disease as covari-
ates to evaluate the relationship between 
smoking status and body composition 
parameters. The variable age required 
logarithmic transformation because the 
values were not normally distributed.

Results

The sample encompassed 303 (52.97%) 
late pre- and perimenopausal women 
and 269 (47.03%) postmenopausal, out 
of which 11.71% declared to be regular-
ly physically active, 88.29% not physi-
cally active or only occasionally, 30.07% 
smokers and 69.93% non-smokers. In 
addition, 78 (13.64%) declared to smoke 
occasionally and 95 (16.61%) daily, out 
of these 7  women reported to smoke 
between 1 to 5 cigarettes per day, 26 be-
tween 6 and 10 cigarettes per day, 
34 between 11 and 20 cigarettes per day 
and only 2 smoke more than 20  ciga-
rettes per day. In the pre- and perimen-
opausal group, 28.71% smoked, and 
13.53% were regularly physically active; 
in the postmenopausal group, 31.60% 
were smokers, and 9.67% were regu-
larly physically active. As expected, the 
mean age of the postmenopausal group 
was significantly higher (54.25 ±4.82) 
compared to the mean age in the pre- 
and perimenopausal group (45.62±4.04) 
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(p <0.001). The BMI of the entire sam-
ple corresponded to the WHO category 
pre-obesity with a mean value of 27.07; 
moreover, post-menopausal women had 
a higher BMI (28.25) than pre- and pe-
rimenopausal women (26.02). This 
pattern was also observed in the WHR 
variables since it correlates to the BMI. 
Inversely, in the raw bioelectrical imped-
ance data Xc, R, and PhA, higher values 
were reported in the postmenopausal 
women. Similar mean values across the 
two groups were found in the BCM%, 
with almost no difference, 47.13 in pre- 
and perimenopausal and 47.67 in post-
menopausal. Moreover, postmenopausal 
women had a higher TBW% and ICW% 
but lower ECW% than pre- and perimen-
opausal women. MM% and FFM% were 

notably lower in postmenopausal wom-
en, whereas FM% was higher, aligning 
with the BMI, and WHR, values. Sta-
tistically significant differences among 
those described above were obtained by 
utilizing a Student’s t-test on the varia-
bles: age (p <0.001), Xc (p = 0.048), R (p 
= 0.020), TBW% (p <0.001), ECW% 
(p = 0.001), ICW% (p = 0.001), MM% 
(p <0.001), FFM% (p <0.001) and FM 
(p <0.001); whereas, due to a non-nor-
mal data distribution, a  Mann-Whitney 
U  test was performed on the variables: 
BMI (p <0.001), WHR (p <0.001), and 
as well as PA, and BCM%, which were 
not statistically significant. After adjust-
ing the p-value with Bonferroni correc-
tion, most of the differences remained 
significant, as shown in Table 1.

Tab. 1. Baseline characteristics of the participants

Entire sample 
(N = 572)

Pre- and perimeno-
pausal women 

(N = 303)

Postmenopausal
(N = 269) p Adjusted 

pa

Mean SD Mean SD Mean SD

Age 49.67 6.17 45.62 4.04 54.24 4.82 <0.001* <0.001*

BMI 27.07 5.61 26.02 5.29 28.25 5.74 <0.001* <0.001*

WHR 0.83 0.08 0.81 0.08 0.85 0.07 <0.001* <0.001*

Xc 61.30 10.49 62.12 10.30 60.38 10.65 0.048* 0.714

R 543.53 68.45 549.78 68.00 536.49 68.40 0.020* 0.305

PhA 6.44 0.88 6.45 0.86 6.43 0.91 0.302 1.000

BCM% 47.39 2.88 47.13 1.95 47.67 3.63 0.998 1.000

TBW% 48.45 5.22 49.43 4.93 47.36 5.33 <0.001* <0.001*

ECW% 44.77 2.92 44.41 2.80 45.19 3.01 0.001* 0.021*

ICW% 55.23 2.93 55.60 2.81 54.81 3.01 0.001* 0.019*

MM% 36.88 4.92 37.59 4.63 26.09 5.12 <0.001* 0.004*

FFM% 62.50 8.34 64.06 8.02 60.75 8.36 <0.001* <0.001*

FM% 37.48 8.34 35.94 8.02 39.21 8.37 <0.001* <0.001*

Notes: *marks a statistically significant difference a Bonferroni correction
Abbreviations: BMI: body mass index; WHR: waist-to-hip ratio; Xc: reactance; R: resistance; PhA: phase 

angle; BCM%: body cell mass percent; TBW%: total body water percent; ECW%: extracellular water 
percent; ICW%: intracellular water percent; MM%: muscle mass percent; FFM%: fat-free mass percent; 
FM%: fat mass percent.
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Tab. 2. Pre- and perimenopausal smokers and nonsmokers

Body composition 
variables

Smokers (N= 87) Nonsmokers (N= 216)
p Adjusted pa

Mean SD Mean SD

BMI 26.66 5.19 25.76 5.31 0.066 0.924

WHR 0.82 0.07 0.80 0.08 0.060 0.840

Xc 63.36 9.89 61.62 10.44 0.184 1.000

R 546.64 59.28 551.04 71.30 0.611 1.000

PhA 6.63 0.98 6.38 0.80 0.045* 0.630

BCM% 47.57 2.08 46.96 1.88 0.014* 0.196

TBW% 48.69 5.06 49.72 4.85 0.098 1.000

ECW% 44.13 2.72 44.52 2.83 0.266 1.000

ICW% 55.87 2.72 55.49 2.84 0.277 1.000

MM% 37.18 4.60 37.75 4.65 0.328 1.000

FFM% 62.87 8.16 64.54 7.93 0.101 1.000

FM% 37.13 8.16 35.46 7.93 0.101 1.000

Notes: *marks a statistically significant difference a Bonferroni correction
Abbreviations: BMI: body mass index; WHR: waist-to-hip ratio; Xc: reactance; R: resistance; PhA: phase 

angle; BCM%: body cell mass percent; TBW%: total body water percent; ECW%: extracellular water 
percent; ICW%: intracellular water percent; MM%: muscle mass percent; FFM%: fat-free mass percent; 
FM%: fat mass percent.

Menopausal status 
 and smoking

The differences between the two groups 
(smokers and nonsmokers) across the 
variables under study in pre- and pe-
rimenopausal and postmenopausal 
women are summarized in Table 2. In 
pre- and perimenopausal women, the 
analysis of the variables BMI, WHR, and 
PhA, revealed a statistically significant 
difference only in PhA values of smok-
ers and non-smokers, U = 8014.50,  
z = 2.005, p = 0.045, r  =  0.15. Fur-
ther tests were performed on the 
following variables: Xc, R, BCM%, 
TBW%, ECW%, ICW%, MM%, FFM%, 

and FM%. Statistical difference was 
obtained only for the variable BCM%  
(p = 0.014). The magnitude of the dif-
ference in the means (mean difference 
= -0.608, 95% CI: -1.093 to -0.124) 
was minimal (eta squared = 0.019). 
However, after adjusting the p-values 
with a Bonferroni correction, no statis-
tical significance was reported in any 
of the variables. Similarly, the  same 
analyses were performed in  the post-
menopausal group, as shown in Ta-
ble 3. On the variables BMI, PhA, 
and BCM%, statistically significant 
differences were recorded in BMI  
(p = 0.001, r = 0.26) values of smok-
ers and nonsmokers. On average, post-
menopausal women who smoke had 
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a significantly lower BMI 26.66 versus 
28.9. Moreover, the following vari-
ables: Xc (p = 0.001), R  (p = 0.032), 
ECW% (p <0.001), ICW% (p <0.001), 
MM% (p <0.001), FFM% (p <0.001), 
and FM% (p <0.001), showed statis-
tically significant differences between 
smokers and nonsmokers. The mag-
nitude of the difference in the means 
of the variables was small: Xc (mean 
difference = -4.473, 95% CI: -7.175 to 
-1.772; eta squared = 0.038), R (mean 
difference = -19.153, 95% CI: -36.696 
to -1.611; eta squared = 0.017), ECW% 
(mean difference = 1.389, 95% CI: 
0.629 to 2.149; eta squared = 0.046), 
ICW% (mean difference = -1.389, 
95% CI: -2.149 to -0.629; eta squared 
= 0.046), MM% (mean difference = 
-2.203, 95% CI: -3.500 to -0.906; eta 
squared = 0.040), FFM% (mean dif-
ference = -4.224, 95% CI: -6.326 to 
-2.123; eta squared = 0.055), and FM% 
(mean difference = 4.170, 95% CI: 
2.064 to 6.276; eta squared = 0.053). 
In this case, smokers had higher values 
of Xc (63.44) compared to nonsmok-
ers (58.96). In accordance with the re-
sults obtained in the variable BMI, it 
was observed that smokers had signifi-
cantly more MM% and FFM% and lower 
FM% overall than nonsmokers. ICW% 
had a greater value in smokers at 55.76 
compared to nonsmokers, whose value 
was 54.37; contrarily, ECW% was high-
er in non-smokers (45.63) compared to 
smokers (44.24). For WHR and TBW% 
a parametric test was used (due to the 
unequal variances), resulting in a  sta-
tistically significant difference only in 
TBW% (p = 0.001), with higher scores 
in smokers at 49.13 than nonsmokers 
at 46.54. After calculating the adjusted 
p-value taking into account the follow-
ing confounding factors: age, education 

level, physical activity, hypertension, 
and chronic cardiovascular disease, 
statistical significance was maintained 
across most of the variables BMI 
(p  =  0.009), Xc (p = 0.018), TBW% 
(p = 0.001), ECW% (p = 0.006), ICW% 
(p = 0.006), MM% (p = 0.002), FFM% 
(p = 0.001) and FM% (p = 0.001). The 
association of smoking and menopau-
sal status with body composition pa-
rameters was studied while controlling 
for age and physical activity (Tab. 4). 
A significant interaction effect was ob-
served between menopausal status and 
smoking across all the dependent var-
iables, except for ECW% and ICW%; 
FM%, p < 0.001 with a small effect size 
(partial eta squared = 0.025) indicating 
that the influence of menopausal sta-
tus and smoking on FM% is not uni-
form across all individuals with an ap-
proximately 2.5% of variance; FFM%,  
p < 0.001 with the same effect size (par-
tial eta squared = 0.025) confirming 
the impact of menopausal status and 
smoking on FFM%; MM%, p = 0.002 
similarly with a  small effect size (par-
tial eta squared = 0.016) suggests sim-
ilarly to FM% the presence of non-uni-
formity in the group and that only 1.6% 
of the variance in MM% is explained 
by the interaction effect between men-
opausal status and smoking; likewise 
results are found for the variable BMI, 
p = 0.003 (partial eta squared = 0.016) 
and TBW%, p <0.001, (partial eta 
squared = 0.025) showing that TBW% 
is influenced as the previous variables 
by the interaction between menopausal 
status and smoking. To summarize, in 
postmenopausal women the interac-
tion between menopause and smoking 
leads to significant changes in body 
compostion parametres such as FM%, 
FFM%, MM%, BMI and TBW%.
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Tab. 3. Postmenopausal smokers and nonsmokers

Body composition 
variables

Smokers (N = 85) Nonsmokers N = 184)
p Adjusted 

pa
Adjusted 

pbMean SD Mean SD

BMI 26.66 6.07 28.99 5.45 0.001* 0.014* 0.009*

WHR 0.83 0.08 0.85 0.07 0.065 0.910 0.290

Xc 63.44 11.56 58.96 9.92 0.001* 0.018* 0.018*

R 549.59 75.76 530.43 64.03 0.032* 0.448 0.094

PhA 6.60 1.08 6.35 0.81 0.104 1.000 0.209

BCM% 47.56 2.73 47.73 3.98 0.376 1.000 0.855

TBW% 49.13 6.28 46.54 4.63 0.001* 0.013* 0.001*

ECW% 44.24 3.19 45.63 2.82 <0.001* 0.005* 0.006*

ICW% 55.76 3.19 54.37 2.82 <0.001* 0.005* 0.006*

MM% 37.60 5.78 35.39 4.64 <0.001* 0.013* 0.002*

FFM% 63.64 10.01 59.41 7.11 <0.001* 0.001* 0.001*

FM% 36.36 10.01 40.53 7.14 <0.001* 0.002* 0.001*

Notes: *marks a statistically significant difference a Bonferroni correction; b adjusted for age, education 
level, physical activity, hypertension, and chronic cardiovascular disease by analysis of covariance

Abbreviations: BMI: body mass index; WHR: waist-to-hip ratio; Xc: reactance; R: resistance; PhA: phase 
angle; BCM%: body cell mass percent; TBW%: total body water percent; ECW%: extracellular water 
percent; ICW%: intracellular water percent; MM%: muscle mass percent; FFM%: fat-free mass percent; 
FM%: fat mass percent.

Tab. 4. An association of smoking and menopausal status on body composition parameters

Dependent
variables Predictors Observed 

power Partial η2 F      p

FM%

Smoking 0.371 0.103 2.669 0.103

Menopausal status 0.087 0.001 0.320 0.572

Physical activity 0.974 0.026 15.309 <0.001*

logAge 0.645 0.010 5.454 0.020*

Menopausal status x smoking 0.966 0.025 14.372 <0.001*

FFM%

Smoking 0.386 0.005 2.798 0.095

Menopausal status 0.091 0.001 0.351 0.554

Physical activity 0.975 0.027 15.477 <0.001*

logAge 0.647 0.010 5.483 0.020*

Menopausal status x smoking 0.969 0.025 14.691 <0.001*
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Dependent
variables Predictors Observed 

power Partial η2 F      p

MM%

Smoking 0.461 0.006 3.475 0.063

Menopausal status 0.110 0.001 0.507 0.477

Physical activity 0.944 0.022 12.614 <0.001*

logAge 0.248 0.003 1.637 0.201

Menopausal status x smoking 0.861 0.016 9.307 0.002*

BMI

Smoking 0.271 0.003 1.823 0.178

Menopausal status 0.105 0.001 0.472 0.493

Physical activity 0.955 0.023 13.375 <0.001*

logAge 0.718 0.011 6.465 0.011*

Menopausal status x smoking 0.857 0.016 9.189 0.003*

TBW%

Smoking 0.374 0.005 2.692 0.101

Menopausal status 0.113 0.001 0.533 0.466

Physical activity 0.973 0.026 15.214 <0.001*

logAge 0.570 0.008 4.582 0.033

Menopausal status x smoking 0.964 0.025 14.224 <0.001*

ECW%

Smoking 0.884 0.017 9.989 0.002*

Menopausal status 0.182 0.002 1.104 0.294

Physical activity 0.754 0.012 7.034 0.008*

logAge 0.987 0.030 17.644 <0.001*

Menopausal status x smoking 0.340 0.004 2.401 0.122

ICW%

Smoking 0.880 0.017 9.868 0.002*

Menopausal status 0.178 0.002 1.071 0.301

Physical activity 0.750 0.012 6.957 0.009*

logAge 0.987 0.030 17.580 <0.001*

Menopausal status x smoking 0.346 0.004 2.448 0.118

Notes: *marks a statistically significant difference FM%: fat mass percent; FFM%: fat-free mass percent; 
MM%: muscle mass percent; BMI: body max index; TBW%: total body water percent; ECW%: extracel-
lular water percent; ICW%: intracellular water percent.

Discussion

Menopause is a physiological aging pro-
cess that occurs in women. Nonetheless, 
numerous aspects are still unclear and 
insufficiently studied. The first finding 
of our research was that postmenopausal 
women had, as expected, a higher BMI, 
WHR, and FM% compared to premeno-

pausal women. This finding corresponds 
to data reported by Juppi et  al. (2022), 
who reported in a  short and long‐term 
follow‐up research an increased in BMI 
of between 1% and 3% (p < 0.001) as well 
as a significant increase of total, regional, 
and subcutaneous fat tissue. The analy
sis was conducted on a  sample of 316 
postmenopausal women from two longi-
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tudinal cohort studies and a short‐term 
follow‐up study on 230 perimenopausal 
women who were researched leading up 
to menopause. Furthermore, Greendale 
et  al. (2019) studied a  sample of 1,246 
pre and postmenopausal women of dif-
ferent ethnicities and observed that dur-
ing menopause, the average woman’s FM 
rise rate nearly doubled from 1%–1.7% 
per year, resulting in a  6% overall gain 
in FM. The cause of this change in body 
composition is still debated although 
it tends to be attributed to aging and 
not menopause (Luptáková et  al. 2012, 
2013; Danková et al. 2014) but the in-
crease in central adiposity is associated 
with a  possible change in FM distribu-
tion after menopause. These changes are 
most likely to be the result of hormonal 
shifts during mid-life when women have 
a  higher testosterone-to-estradiol ratio 
after menopause, which has been linked 
to increased central adiposity deposition, 
as reported by Ambikairajah et al. (2019) 
in a systematic review that analyzed 201 
cross-sectional studies, collaborating 
a  sample size of 1,049,919 individuals. 
In our study, no statistical significance 
was found across the body composi-
tion variables mentioned above in the 
groups of smokers and nonsmokers in 
premenopausal women. Similar results 
were obtained by Portugal et al. (2019), 
with no significant differences in TBW, 
ECW-to-ICW ratio, FM, and FFM in 
both women and men, between the cate-
gories never smoker, former smoker, and 
current smoker. In contrast, postmeno-
pausal women who smoke were found 
to have a significantly lower BMI value  
(p = 0.014), and lower FM% (p = 0.002), 
whereas MM% (p = 0.013) and FFM% 
(p = 0.001) had higher values compared 
to nonsmokers. In addition, after adjust-
ing for age, education level, physical ac-

tivity, hypertension, and chronic cardio-
vascular disease (CVD) in the covariance 
analysis, the menopause and smoking-as-
sociated differences in anthropomet-
ric and body composition parameters 
were consistent. The finding that ciga-
rette smokers are generally leaner com-
pared to non-smokers is consistent with 
many previous studies (Akbartabartoori 
et al. 2005; Danková et al. 2014). Low-
er BMI in smokers was also reported by 
Kwaśniewska et al. (2012) in a sample of 
7,792 Polish women and by Graff-Ivers-
en et al. (2019) in a cross-sectional study 
conducted in Norway on 22,294 women. 
More in-depth cross-sectional analyses 
(Piirtola et al. 2018) on twins compared 
three groups: current-never, former-cur-
rent, and former-never smokers, finding 
that even though current smokers tend 
to have a  lower BMI. Some studies ob-
served a  lower amount of FM, especial-
ly in visceral areas. Onat et al.´s study 
(Jandíková et  al. 2014) established that 
smoking Turkish adult women had 
a lower visceral adipose tissue area than 
those who never smoked. Therefore, the 
authors concluded that body FM and vis-
ceral fat accumulation are inhibited by 
cigarette smoking in women. However, 
the results related to visceral fat among 
smokers and nonsmokers are often con-
tradictory, as reported in a cross-section-
al study of women aged 18–80 years from 
different ethnicities (Brand et al. 2011). 
Therein, smoking caused an increase in 
visceral fat mass conversely and thus 
represented a  metabolic and cardiovas-
cular risk factor. A study by Graff-Ivers-
en et al. (2019) supported this suggestion 
by showing that waist circumference 
and WHR was larger for current smok-
ers than in those who never smoked. 
On the other hand, the same study also 
observed a negative association between 
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smoking and hip circumference. In the 
perspective of research concluding that 
a higher percentage of gluteofemoral fat 
is linked to lower cardiovascular disease 
risk, the authors further suggested that 
smoking could be a modifying cardiovas-
cular disease risk factor through mecha-
nisms that reduce fat storage capacity in 
the lower body region. Although a large 
number of studies have reported an asso-
ciation between smoking and lower adi-
posity, most of these studies did not take 
into account the effect of menopausal 
status (Van Geel et al. 2009). Consider-
ing our results, we hypothesize that this 
association concerns postmenopausal 
rather than late pre- and perimenopau-
sal women. According to the review by 
Audrain-McGovern et  al. (2011), most 
of the effects of smoking on body weight 
and fat deposits are likely to be mediated 
through nicotine. An old animal study 
on rodents demonstrated that nicotine 
increases sympathetic nervous system 
activity and thermogenesis in adipose 
tissues, thus increasing whole-body 
metabolism, which might subsequent-
ly affect the decrease in adiposity (Yuki 
et  al. 2015). Moreover, nicotine intake 
is known to result in an increase in fat 
oxidation and a decrease in fat accumu-
lation (Stachenfeld et al. 1998; Lee and 
Choi 2019). Androgens hormones might 
mediate the link between smoking and 
the greater amount of MM and FFM ob-
served in our study. It has been reported 
that current smokers have higher circu-
lating levels of testosterone and free tes-
tosterone (Stachenfeld 2008). Similarly, 
Jandikova et al. (2014) found higher lev-
els of androgens in smoking postmen-
opausal women. Furthermore, limited 
data indicated there may be a positive as-
sociation between testosterone with MM 
and lean body mass in older women (Ser-

ra-Prat et al. 2019; Hioka et al. 2021). In 
addition, it has also been observed that 
a  low-free testosterone level appears to 
be a  significant predictor of loss of ap-
pendicular muscle in Japanese women 
(Park et al. 2021). Therefore, we hypoth-
esize that androgens could also play an 
important role in smoking – higher MM 
association in our study sample. How-
ever, despite the described above studies 
and our results, smoking was conversely 
reported by Lee et al. (2019) to acceler-
ate MM loss in currently smoking mid-
dle-aged women, compared to past and 
never smokers. Our study also concluded 
that postmenopausal smokers had high-
er TBW% (p = 0.013) and ICW% (p = 
0.005) but lower ECW% (p = 0.005) than 
nonsmokers. The relationship between 
hydration and smoking in postmeno-
pausal women, to the best of our knowl-
edge, has not been studied. However, it 
is known that body fluid distribution is 
associated with sex hormones, where es-
trogen increases and progesterone tends 
to decrease its levels (Stachenfeld et  al. 
1998, 1999; Stachenfeld 2008). The 
population-based study of postmenopau-
sal women found that current smokers 
had higher circulating levels of estradi-
ol compared with non-smokers (Ols-
en et al. 1983). Endogenous female sex 
hormones may thus provide one plausi-
ble mechanism through which cigarette 
smoking influences TBW% in postmen-
opausal women. Furthermore, in a more 
recent study, Serra-Prat et al. (2019) ob-
served a decline in TBW and ICW in the 
elderly (both men and women) which 
was associated with decreased muscle 
strength and mass. In addition, Hio-
ka et  al. (2021) observed in correlation 
analyses on a  sample of < 65-year-old 
women a significant negative correlation 
between the total body ECW/ICW ratio 
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and handgrip strength associated with 
deterioration of muscle quality. More-
over, individuals with sarcopenia had 
a  higher prevalence of abnormal ECW/
TBW ratio (Kleppinger et al. 2010).

Limitations and 
recommendations for future 

research

The results of our study enrich the liter-
ature on the topic. However, this study 
examined data from a  cross-sectional 
study that can only examine correlations 
in data; it does not confirm a causal rela-
tionship between smoking, menopause, 
and body composition. In addition, the 
same individuals were not surveyed 
over time, and the lifestyle and person-
al data on smoking, physical activity, 
and menopause were gathered through 
self-reporting, which means that there 
may have been inaccuracies and/or other 
factors might have influenced the trends 
observed in our data. Moreover, the re-
search parameters were non-specific; 
data on the frequency and intensity of 
physical activity was not gathered, as 
well as the number of cigarettes smoked 
per day and whether the nonsmokers 
have ever smoked in the past. Long-term 
follow-ups and more detailed data col-
lection can overcome these limitations. 
Furthermore, due to the missing data 
on hormone levels in our study sample, 
our hypothesis about the relationship 
between smoking, sex hormones, and 
body composition parameters should be 
examined in future research. Consider-
ing the findings from the literature that 
the association of smoking with body fat 
can differ depending on the location of 
the FM, further studies regarding this 
relationship in postmenopausal wom-

en would be relevant. Another poten-
tial limitation of our study is the lack 
of data on dietary habits, calorie intake 
and water consumption, which are im-
portant predictors of body composition 
and could be important covariates to 
include in the study of the relationship 
between menopause, smoking and an-
thropometric parameters. Moreover, the 
methodology used, BIA, since it tends 
to underestimate FM, is recommend-
ed to perform further testing with other 
methodologies such as DEXA or speci-
ficBIVA (Marini et al. 2013) a valid tech-
nique for evaluation of FM% and ICW/
ECW. We also suggest that cut-off values 
for FM and MM should be reconsidered 
in postmenopausal smokers, lower for 
FM and higher for MM, in future clin-
ical research.

Conclusions

The results obtained in this study can 
aid healthcare professionals in tailoring 
recommendations aimed for postmeno-
pausal women regarding lifestyle chang-
es, preventive measures as well as coun-
seling and support for smoke cessation. 
Such recommendation could be especial-
ly important to postmenopausal midlife 
women who regularly smoke, as these in-
dividuals may show lower FM and higher 
MM that are indicators usually associat-
ed with better health outcomes and may 
mistakenly point to a better health status 
in these women. Moreover, the findings 
can provide a  basis for evidence-based 
public health policies and interventions 
that can raise awareness of the adverse 
effects on body composition of smoking 
during menopause. However, due to the 
limitations of our study, future research 
is needed to examine the reported in our 
study associations.
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