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Abstract 

Background  Menopause is a significant phase in women’s health, in which the incidence of obstructive sleep 
apnea (OSA) is significantly increased. Body fat distribution changes with age and hormone levels in postmenopausal 
women, but the extent to which changes in body fat distribution affect the occurrence of OSA is unclear.

Methods  This research performed a cross-sectional analysis utilizing data from the 2015–2016 National Health 
and Nutrition Examination Survey (NHANES). Body fat distribution was quantified using dual-energy X-ray absorpti-
ometry in kilograms. Menopausal status and OSA symptoms were determined by questionnaire. Weighted multivari-
able regression analysis was utilized to investigate the correlation between menopausal status and OSA symptoms 
and body fat composition. We did a mediation analysis to assess how much of the effect of menopausal status 
on OSA symptoms was mediated through in body fat composition.

Results  The analysis comprised 1459 individuals from NHANES, consisting of 1188 premenopausal and 271 post-
menopausal women. In the weighted sample, 36.01% of premenopausal women and 53.39% of postmenopausal 
women had OSA symptoms. After adjusting for body mass index (BMI) and other potential confounders, menopausal 
status was correlated with a higher prevalence of OSA symptoms (OR = 1.57; 95% CI: 1.16,2.13), and increased visceral 
fat mass (β = 0.12; 95% CI: 0.07, 0.17). In addition, visceral fat mass exhibited a significant correlation with OSA symp-
toms (OR = 3.79; 95% CI: 1.61, 8.94). Mediation analysis showed that 29.76% of the effect of menopausal status on OSA 
symptoms was mediated through visceral fat. In age-matched analysis, postmenopausal women had higher visceral 
fat mass (0.63 kg vs. 0.52 kg, P = 0.02) and a higher prevalence of OSA symptoms (68.3% vs. 45.7%, P = 0.02) compared 
with premenopausal women; however, there was no significant difference in BMI (P > 0.05).

Conclusion  Our results suggest that menopausal status is associated with increased visceral fat accumulation 
and OSA symptoms prevalence. Visceral fat accumulation appears to play an important role in the development 
of OSA in postmenopausal women, independent of BMI; this highlights the importance of further studying this 
relationship.
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Introduction
The average life expectancy for women worldwide is 
approximately 76 years, according to the World Health 
Organization [1]. Most women experience menopausal 
transition between the ages of 45 and 55. As life expec-
tancy increases, women can anticipate spending half of 
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their lives in menopause [2]. This transition is a critical 
time in women’s health [3]. Inevitable aging, declining 
estrogen and progesterone levels, and changes in body 
fat distribution may elevate the risk of sleep apnea [4].

Obstructive sleep apnea (OSA) is a common form 
of sleep-disordered breathing [5]. Traditionally, aging, 
male gender, and obesity were considered substantial 
risk factors for OSA [6]. While males have a higher 
prevalence of OSA than females, this gender discrep-
ancy diminishes with advancing age. The prevalence 
of OSA in postmenopausal women increases signifi-
cantly, the severity is equivalent to that in males, and 
the gender difference is no longer obvious [6–8]. How-
ever, the clinical presentation of OSA in middle-aged 
women are often less typical and therefore easily over-
looked [9].

Although the precise mechanism of heightened 
occurrence of OSA in postmenopausal women is not 
yet completely comprehended, it may be associated 
with alterations in body fat distribution [10, 11]. In 
this study, we used the National Health and Nutrition 
Examination Survey (NHANES) 2015–2016 database 
to evaluate the correlation between menopausal state 
and OSA symptoms in women and analyze the poten-
tial mediating effect of body fat distribution on this 
relationship.

Method
Study population and research design
The research population was sourced from the NHANES 
2015–2016 database, a survey that is nationally rep-
resentative and conducted by the National Center for 
Health Statistics (NCHS). NHANES is an important ini-
tiative of the NCHS aimed at evaluating the health and 
nutritional status of American adults and children. Each 
NHANES cycle includes a questionnaire survey and 
standardized health check-ups, as well as physical and 
laboratory tests using mobile testing equipment. From 
2015 to 2016, a total of 9971 individuals participated in 
the research, and 3041 of them answered two questions 
about the definition of menopause in the reproductive 
questionnaire. The final analysis included 1459 partici-
pants after excluding female participants who used hor-
mone replacement therapy (n = 383), participants with 
absent OSA symptoms definitions (n = 508), and partici-
pants without Dual-energy X-ray absorptiometry (DXA) 
measurement data (n = 691). Figure 1 shows the inclusion 
and excluding procedure.

Menopausal status
Self-reported menopausal status has been shown to 
be highly accurate [12]. Based on previous literature, 
we used two questions from the NHANES Reproduc-
tive Health Questionnaire to assess menopausal status: 

Fig. 1  Flowchart of participants inclusion and exclusion from NHANES 2015–2016
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(1) Had regular periods in past 12 months; (2) Reason 
not having regular periods. Participants were classi-
fied as postmenopausal if they responded “No” to the 
first question and indicated "Hysterectomy/Menopause 
or Change of life" to the second question. Participants 
were classified as premenopausal if they answered “Yes” 
to the first question, or if they answered "No" to the first 
question and “Pregnancy”, “Breast feeding”, or “Other” to 
the second question, provided they were under 55 years 
of age [13]. We classified women who reported having 
undergone bilateral oophorectomy as postmenopau-
sal because such surgery can lead to premature ovarian 
failure, resulting in a dramatic drop in ovarian sex hor-
mone levels [14]. Compared to the general population, 
premenopausal ovariectomy is associated with more pro-
nounced and longer-lasting menopausal symptoms [15]. 
Furthermore, we excluded women who had ever received 
hormone replacement therapy, such as estrogen and pro-
gesterone, due to concerns about its potential effects on 
body fat distribution [16, 17]. The assessment of female 
hormone use was conducted through the question, “Ever 
use female hormones?” We also performed a sensitivity 
analysis to exclude women who had undergone hysterec-
tomy with uncertain menopausal status (Supplementary 
material).

OSA Symptoms
OSA symptoms were diagnosed according to the Sleep 
Disorder Questionnaire: (1) How often do you snore? 
(2) How often do you snort or stop breathing? or (3) 
felt almost always overly sleepy per month despite usu-
ally sleeping 7 or more hours on weekdays or workdays. 
The criteria for defining OSA symptoms were based on 
prior research and included answering “occasionally” or 
“often” to one of the first two questions, or “yes” to the 
third question [18].

Body fat mass assessment
A DXA whole body scan was conducted on eligible 
participants aged 8 to 59 years to assess body composi-
tion. DXA is the most commonly established tool for 
determining body composition. The NHANES Mobile 
Examination Center’s certified radiologic technolo-
gists performed the scans. The whole body scans were 
acquired on the Hologic Discovery model A densitom-
eters (Hologic, Inc., Bedford, Massachusetts), using 
software version Apex 3.2. Exclusion criteria for these 
scans included pregnancy, recent use of radiographic 
contrast materials (barium), or a bodyweight exceeding 
450 pounds. This analysis includes total abdominal fat, 
visceral fat, subcutaneous fat, android fat, and gynoid fat 
mass. All measurements are converted to kilogram (kg).

Covariates
Baseline demographics, medical comorbidities, and 
lifestyle factors were investigated, including age, self-
reported sex (male and female), self-reported race, 
body mass index (BMI), waist circumference, smoking, 
alcohol, hypertension, diabetes, physical activity, estra-
diol, testosterone, and total cholesterol levels. Smoking 
was characterized as the smoking of a minimum of 100 
cigarettes over a lifetime, while drinking was defined as 
the intake of at least 12 alcoholic beverages annually. 
Hypertension and diabetes were determined by self-
report. Although self-reported hypertension and dia-
betes are not equivalent to formal diagnoses, they have 
been shown to be screening measures for hypertension 
and diabetes in epidemiological studies [19–21]. Physi-
cal activity was defined by a questionnaire inquiring if 
individuals engaged in vigorous-intensity activities for 
at least 10 min continuously each week. In addition, 
potentially relevant laboratory test results are included. 
The NHANES Laboratory Procedure Manual offers 
detailed instructions for collecting and processing 
specimens.

Statistical analyses
All analyses except Tables  5 and  6 and Supplementary 
Table  4 used sampling weights to account for the com-
plex sampling design of NHANES. The sampling weight 
was calculated as follows: full sample 2-year MEC exam 
weight. Weighted baseline characteristics were cat-
egorized according to menopausal status. Continuous 
variables were presented as mean (SE), and categorical 
variables as percentage (95% CI). Weighted multivari-
able logistic regression analysis and reported ORs were 
used to assess the relationship between both menopau-
sal status and body fat distribution and OSA symptoms. 
Weighted multivariable linear regression analysis was 
used to investigate the relationship between menopau-
sal status and body fat distribution. Two models were 
used: unadjusted and adjusted for potential confounders 
based on previous literature. In addition, we did media-
tion analysis using the product of coefficients method, 
and calculating the indirect effect of menopausal status 
on OSA symptoms mediated through body fat distribu-
tion compared with the total effect of menopausal status 
on OSA symptoms. Considering the differences in base-
line age between the two groups of participants (Table 1), 
4:1 propensity score matching (PSM) analysis was per-
formed to adjust for age differences in this study [22]. 
After the matching process, the two groups were com-
pared according to baseline characteristics to reassess 
the comparability of the two groups. Statistical analysis 
was performed using R version 4.3.3 (nhanesR package). 
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Statistical significance was determined by two-sided p 
values < 0.05.

Ethics approval and consent to participate
All participants granted written informed consent, and 
the NCHS Ethics Review Board sanctioned the NHANES 
study methods. The protocol number of the NCHS IRB/
ERB for 2015–2016 was #2011–17. All methods of this 
study were performed in accordance with the princi-
ples outlined in the Declaration of Helsinki. No further 
institutional review board approval was required for this 
secondary analysis. Users can download the data free of 
charge for research and publication.

Results
Baseline characteristics of premenopausal and post-
menopausal women are shown in Table 1. Among them, 
36.01% of premenopausal women and 53.39% of post-
menopausal women had OSA symptoms. Postmeno-
pausal women had increased visceral fat mass (0.62 kg 
vs. 0.41 kg), android fat mass (2.76 kg vs. 2.39 kg), and 

increased waist circumference (99.56 cm vs. 94.39 cm) 
compared with premenopausal women (P < 0.05). Nev-
ertheless, there were no significant differences in subcu-
taneous fat and gynoid fat mass (P > 0.05). Furthermore, 
postmenopausal women had lower estradiol and testos-
terone levels and a higher total cholesterol level (P < 0.05). 
Postmenopausal women were more likely to have hyper-
tension and diabetes, smoked and drank more, and exer-
cised less (P < 0.05).

Table 1  Baseline characteristics of premenopausal and postmenopausal women

Significant results are in bold

Continuous variables were presented as mean (SE), and categorical variables as percentage (95% CI).Abbreviations: SE Standard error, BMI Body mass index, OSA 
Obstructive sleep apnea

Baseline Premenopausal women (N = 1188) Postmenopausal women (N = 271) P-value
Mean (SE) Mean (SE)

Age (years) 32.42(0.40) 52.77(0.45) < 0.01
BMI (kg/m2) 28.94(0.32) 29.72(0.87) 0.33

Waist circumference (cm) 94.39(0.77) 99.56(1.60) < 0.01
Total abdominal fat (kg) 2.31(0.04) 2.62(0.11) 0.01
Visceral fat (kg) 0.41(0.01) 0.62(0.03) < 0.01
Subcutaneous fat (kg) 1.90(0.04) 2.01(0.08) 0.18

Android fat (kg) 2.39(0.06) 2.76(0.14) 0.01
Gynoid fat (kg) 5.36(0.09) 5.51(0.17) 0.43

Testosterone (ng/dL) 26.47(1.32) 19.93(0.52) < 0.01
Estradiol (pg/mL) 96.57(2.17) 23.51(3.51) < 0.01
Total cholesterol (mmol/L) 4.59(0.04) 5.50(0.11) < 0.01

Percentage (95% CI) Percentage (95% CI)
Race, n (%) 0.07

Mexican American 11.85(6.13,17.57) 7.61(2.07,13.16)

Non-Hispanic Black 13.00(7.74,18.26) 13.74(8.23,19.26)

Non-Hispanic White 57.51(48.08,66.94) 63.66(53.02,74.30)

Other Hispanic 7.17(4.38, 9.96) 8.14(3.14,13.13)

Other Race 10.47(8.06,12.88) 6.85(3.95, 9.75)

OSA symptoms, n (%) 36.01(33.25,38.76) 53.39(42.88,63.90) < 0.01
Smoking, n (%) 27.27(22.23,32.30) 47.84(40.12,55.56) < 0.01
Alcohol, n (%) 64.62(59.91,69.33) 69.65(62.97,76.33) < 0.01
Hypertension, n (%) 12.25(9.85,14.65) 36.54(27.73,45.34) < 0.01
Diabetes, n (%) 3.69(2.58, 4.81) 9.67(6.00,13.34) < 0.01
Physical activity, n (%) 38.73(35.18,42.27) 22.56(14.79,30.33) < 0.01

Table 2  The associations between menopausal status and OSA 
symptoms

Significant results are in bold

Adjusted for race, BMI, smoking, alcohol, hypertension, diabetes, physical 
activity, and total cholesterol

Abbreviations: OR Odds ratio, 95% CI 95% confidence interval, BMI Body mass 
index, OSA Obstructive sleep apnea

Variable Non-adjusted
OR (95% CI)

P-value Adjusted
OR (95% CI)

P-value

Menopausal status 2.04(1.32,3.13) < 0.01 1.57(1.16, 2.13) 0.01
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The multivariable logistic regression between meno-
pausal status and OSA symptoms is shown in Table  2. 
In the unadjusted model, the likelihood of OSA symp-
toms in postmenopausal women was double that of pre-
menopausal women (OR = 2.04; 95% CI 1.32, 3.13). The 
adjusted model maintained this association (OR = 1.57; 
95% CI 1.16, 2.13).

Table  3 compares body fat distribution in premeno-
pausal and postmenopausal women. In the unadjusted 
model, menopausal status correlated with increased 

total abdominal fat (β = 0.31; 95% CI 0.10, 0.53), visceral 
fat (β = 0.21; 95% CI 0.14, 0.28), and android fat mass 
(β = 0.37; 95% CI 0.11, 0.64). In the adjusted model, the 
above associations still existed, with β values ​​of 0.15, 
0.12, and 0.13, respectively (P < 0.05). Menopausal status 
was not clinically relevant to subcutaneous or gynoid fat 
mass (P > 0.05).

The correlation between body fat distribution and 
OSA symptoms is shown in Table  4. In the unadjusted 
model, fat mass in different body regions (total abdomi-
nal fat, visceral fat, subcutaneous fat, android fat, and 
gynoid fat) exhibited a significant correlation with OSA 
symptoms (P < 0.05). In the adjusted model, only visceral 
fat mass and OSA symptoms were statistically signifi-
cant (OR = 3.79; 95% CI 1.61, 8.94). Mediation analyzes 
showed that 29.76% of the observational association of 
menopausal status with OSA symptoms was mediated 
through visceral fat (Table 5).

Sensitivity analyzes excluding hysterectomized women 
with uncertain menopausal status confirmed that the 
direction of statistical significance remained unchanged 
(Supplementary material).

To exclude the effect of age and compare the asso-
ciations only by menopausal status, we performed age-
matched analyses in premenopausal and postmenopausal 
women. In Table  6, it is indicated that postmenopausal 
women had a somewhat elevated BMI (32.68 kg/m2 vs. 

Table 3  Comparison of body fat distribution between premenopausal and postmenopausal women

Significant results are in bold

Adjusted for race, BMI, smoking, alcohol, hypertension, diabetes, physical activity, and total cholesterol

Abbreviations: SE Standard error, β effect size, 95% CI 95% confidence interval, BMI Body mass index, OSA Obstructive sleep apnea

Variable Premenopausal 
women
Mean (SE)

Postmenopausal 
women
Mean (SE)

Non-adjusted
β (95% CI)

P-value Adjusted
β (95% CI)

P-value

Total abdominal fat (kg) 2.31(0.04) 2.62(0.11) 0.31(0.10,0.53) 0.01 0.15(0.06, 0.23) < 0.01
Visceral fat (kg) 0.41(0.01) 0.62(0.03) 0.21(0.14,0.28) < 0.01 0.12(0.07, 0.17) < 0.01
Subcutaneous fat (kg) 1.90(0.04) 2.01(0.08) 0.10(-0.05,0.26) 0.18 0.03(-0.03, 0.08) 0.33

Android fat (kg) 2.39(0.06) 2.76(0.14) 0.37(0.11,0.64) 0.01 0.13(0.02, 0.24) 0.02
Gynoid fat (kg) 5.36(0.09) 5.51(0.17) 0.15(-0.24,0.53) 0.43 0.08(-0.15, 0.31) 0.48

Table 4  The associations between body fat distribution and OSA 
symptoms

Significant results are in bold

Adjusted for race, BMI, smoking, alcohol, hypertension, diabetes, physical 
activity, and total cholesterol

Abbreviations: OR Odds ratio, 95% CI 95% confidence interval, BMI Body mass 
index, OSA Obstructive sleep apnea

Variable Non-adjusted
OR (95% CI)

P-value Adjusted
OR (95% CI)

P-value

Total abdominal 
fat (kg)

1.97(1.54, 2.51) < 0.01 1.24(0.84, 1.85) 0.26

Visceral fat (kg) 13.10(5.11, 33.57) < 0.01 3.79(1.61, 8.94) < 0.01
Subcutaneous 
fat (kg)

2.14(1.61, 2.83) < 0.01 0.87(0.49, 1.54) 0.60

Android fat (kg) 1.66(1.38, 1.99) < 0.01 1.14(0.91, 1.43) 0.23

Gynoid fat (kg) 1.31(1.17, 1.47) < 0.01 0.88(0.73, 1.05) 0.15

Table 5  Mediation analysis of the association between menopause and the risk of OSA symptoms mediated by visceral fat mass

Significant results are in bold

Adjusted for race, BMI, smoking, alcohol, hypertension, diabetes, physical activity, and total cholesterol

Abbreviations: β Effect size, 95% CI 95% confidence interval, BMI Body mass index, OSA Obstructive sleep apnea

Exposure Non-adjusted
β (95% CI)

P-value Adjusted
β (95% CI)

P-value

Total effect 0.23(0.15, 0.28) < 0.01 0.11(0.04, 0.18) < 0.01
Direct effect 0.10(0.03, 0.16) 0.01 0.08(0.01, 0.15) 0.02
Mediation effect 0.13(0.08, 0.16) < 0.01 0.03(0.00, 0.05) 0.03
PM, % 57.20 < 0.01 29.76 0.03
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31.48 kg/m2) relative to premenopausal women; however, 
this difference lacked statistical significance. Simultane-
ously, postmenopausal women had a greater visceral fat 
mass (0.63 kg vs. 0.52 kg) and a higher incidence of OSA 
symptoms (68.3% vs. 45.7%) in comparison to premeno-
pausal women (P < 0.05).

Discussion
Epidemiological studies indicate a notable increase in 
the prevalence of OSA among postmenopausal women, 
and the gender difference is no longer obvious [23, 24]. 
These phenomena might be linked to aging and changes 
in sex hormone level [25–27]. Compared with natural 
menopause, surgical menopause is associated with an 
increased risk of OSA [28]. This increased risk has been 
attributed to the dramatic decline in endogenous sex 
hormones after oophorectomy, in contrast to the con-
tinued hormonal activity of the ovaries for many years 
after natural menopause [29, 30]. However, although it is 
recognized that menopausal women are at increased risk 
for sleep-disordered breathing, the exact mechanisms of 
this disorder have not been thoroughly elucidated. Cur-
rently, several potential pathophysiological hypotheses 
are being intensively investigated and considered as pos-
sible explanatory factors.

While aging may not entirely account for the elevated 
incidence of OSA in menopausal women, some obser-
vational studies indicate that aging contributes to the 
onset of OSA post-menopause [31, 32]. Furthermore, 
the higher frequency of OSA in postmenopausal women 

might be connected to the loss of the protective effects 
of estrogen and progesterone on ventilatory drive and 
upper airway patency [33, 34]. Progesterone has a stim-
ulating effect on respiratory control, whereas estrogen 
can upregulate progesterone receptors, so augmenting 
the respiratory stimulating action of progesterone [35]. 
At the same time, sex hormones may influence the func-
tion of upper airway dilator muscles, as indicated by the 
reduced activity of the genioglossus muscle post-meno-
pause compared to pre-menopause [36, 37].

Previous studies frequently overlooked how aging and 
changes in estrogen levels can further affect body fat dis-
tribution in postmenopausal women. Age-mediated fat 
infiltration of the viscera is closely related to OSA [38]. 
Similarly, sex hormones also play a role in lipid metabo-
lism, energy expenditure, and fat synthesis [39]. Animal 
studies have found that a decrease in estradiol may lead 
to an increase in visceral rather than overall fat mass 
[40]. Clinical observation studies have found that post-
menopausal women have a larger fat mass compared to 
premenopausal women and have a higher propensity 
for weight gain. At the same time, the fat distribution of 
postmenopausal women is more concentrated, character-
ized by visceral fat accumulation [10, 41].

However, no research has investigated the correla-
tion between specific body fat deposition and OSA in 
postmenopausal women. Prior research on the correla-
tion between menopause and OSA either overlooked 
the influence of central obesity or only considered basic 
body anthropomorphic measures [25, 32, 42]. Our cross-
sectional study showed that visceral fat and android fat 
increased in postmenopausal women, whereas fat dis-
tribution in the subcutaneous and gynoid regions did 
not change significantly. Association analysis showed 
that total abdominal, visceral, and android fat mass was 
increased in postmenopausal women relative to pre-
menopausal women. However, only visceral fat mass was 
clinically significantly associated with OSA symptoms. 
Mediation analyzes further showed that visceral fat accu-
mulation partially explained the association between 
menopausal status and OSA symptoms.

Accumulation of visceral fat is a notable risk factor 
for OSA and is strongly correlated with the severity of 
the apnea index [43]. Research indicates that visceral fat 
correlates more significantly with the severity of OSA 
than BMI [44]. Increased visceral fat may result in dia-
phragmatic elevation, reduced end-expiratory lung vol-
ume, decreased airway stretch at end-expiration, and 
decreased pharyngeal cross-sectional area [45]. The spe-
cific mechanism may involve that fat accumulation may 
contribute to upper airway collapse during inspiration by 
restricting diaphragmatic movement and may be depos-
ited in upper airway soft tissues, leading to anatomical 

Table 6  Age-matched analysis of premenopausal and 
postmenopausal women

Significant results are in bold

Continuous variables were presented as mean (SD), and categorical variables as 
N (%)

Abbreviations: SD Standard deviation, BMI Body mass index, OSA Obstructive 
sleep apnea

Baseline Premenopau-
sal women 
(N = 164)

Postmeno-
pausal women 
(N = 41)

P-value

Mean (SD) Mean (SD)
Age (years) 40.51(8.08) 42.07(4.58) 0.24

BMI (kg/m2) 31.48(8.12) 32.68(7.13) 0.39

Waist circumference 
(cm)

99.88(17.73) 104.27(16.93) 0.15

Total abdominal fat (kg) 2.65(1.04) 2.94(0.99) 0.11

Visceral fat (kg) 0.52(0.28) 0.63(0.27) 0.02
Subcutaneous fat (kg) 2.14(0.85) 2.31(0.79) 0.23

Android fat (kg) 2.80(1.52) 3.16(1.46) 0.18

Gynoid fat (kg) 5.76(2.14) 5.72(1.58) 0.92

N (%) N (%)
OSA symptoms, n (%) 75(45.7) 28(68.3) 0.02
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stenosis [43, 44, 46]. In addition, menopause may increase 
the amount of fat in the upper body, thereby increasing 
neck circumference [47]. Our research indicated no sig-
nificant variation in BMI before and after menopause, 
while visceral fat mass was significantly different. It is 
difficult to directly assess changes in body fat redistribu-
tion using BMI alone, suggesting that the impact of cen-
tral obesity cannot be ignored even for postmenopausal 
women who do not exhibit considerable increases in BMI 
or weight.

It is worth noting that age is a significant factor in the 
relationship between menopausal status and OSA [48]. 
Age has also been associated with alterations in body 
fat distribution in postmenopausal women. Some stud-
ies indicate that menopause may cause a shift of adipose 
tissue from peripheral locations to central regions, inde-
pendent of age [49]. However, a meta-analysis attributed 
alterations in body weight and body composition in post-
menopausal women mainly to aging, rather than meno-
pause itself [50]. Given the complex relationship between 
age, menopause, and fat distribution, we chose not to 
adjust for age in our analyses. This decision was based on 
uncertainty about whether menopause-related changes 
in body fat distribution are completely independent of 
age-related changes. Although age is a well-established 
confounder of OSA, the physiological and metabolic 
changes that accompany menopause (such as changes in 
fat distribution) are difficult to distinguish from changes 
associated with aging. Therefore, adjusting for age may 
mask the specific contribution of menopause to these 
changes.

To better understand these relationships, we performed 
analyzes using a small age-matched sample to control for 
age-related confounders. This approach revealed signifi-
cant differences in visceral fat mass between postmeno-
pausal and premenopausal women, with postmenopausal 
women having a higher prevalence of OSA symptoms. 
These findings highlight the independent role of meno-
pause in the development of fat distribution and OSA 
and are not entirely attributable to the effects of age.

This study has several limitations. First, our definition 
of OSA symptoms was based on participants’ responses 
to a sleep disturbance questionnaire rather than the 
results of polysomnography, which may not fully 
reflect the scope of sleep disorders. Considering that 
OSA symptoms in menopausal women may present as 
abnormal symptoms such as insomnia, fatigue, anxiety, 
or mood changes, these findings should be interpreted 
with caution [51]. Second, the cross-sectional design 
constrained our ability to determine a causal associa-
tion between menopausal status and OSA symptoms. 
In addition, although we excluded participants who had 
ever received female hormone therapy, we were unable 

to implement additional, more detailed exclusions due 
to limitations of the NHANES questionnaire, which 
does not include an inquiry into current use of female 
hormone therapy. Also, the DXA inclusion criteria 
were limited to adult women aged 20–59 years, which 
may have narrowed the study scope and introduced 
selection bias. Despite adjustment for many confound-
ing variables, potential confounders may still affect our 
results. Future prospective studies are needed to verify 
whether our conclusions from the NHANES database 
can be generalized to other populations and regions.

Despite these limitations, to our knowledge, our study 
is the inaugural investigation to use nationally repre-
sentative data to investigate the correlation between 
alterations in body fat distribution and OSA symptoms 
in postmenopausal women. In contrast to premeno-
pausal women, the redistribution of body fat in post-
menopausal women, with visceral fat accumulation, 
correlates with an increased risk of OSA symptoms. As 
women experience increased longevity, menopause and 
sleep-disordered breathing will persist for an extended 
duration, thereby adversely affecting their quality of 
life. Sleep experts must recognize that changes in body 
fat distribution, independent of BMI, may significantly 
influence OSA in postmenopausal women; however, 
these changes are modest and often overlooked. For 
postmenopausal women, even if BMI has not increased 
significantly, it is necessary to be alert to the possibil-
ity of the accumulation of visceral fat. Considering that 
dietary modification and exercise training have shown 
successful in diminishing visceral fat, therapies focus-
ing on food and exercise in postmenopausal women 
exhibiting OSA symptoms are valuable [52, 53].

Conclusion
Menopause as a turning point in women’s health, with 
impacts beyond reproductive transition and closely 
related to metabolic disorders. Our results suggest that 
menopausal status is associated with increased visceral 
fat accumulation and OSA symptoms prevalence. Vis-
ceral fat accumulation has a significant impact on the 
occurrence and development of OSA in postmeno-
pausal women, and is independent of BMI. This subtle 
alteration in body fat distribution underscores the need 
for further study of this relationship.
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