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Objective: This study aimed at investigating the correlation between estradiol and sleep 
apnea among women with major depressive disorders during the perimenopausal and post-
menopausal periods.
Methods: A total of 84 perimenopausal and postmenopausal women diagnosed with 
depression, and who had been subjected to whole-night polysomnography (PSG) were 
retrospectively studied. They were assigned into two groups based on the presence of OSA 
(apnea–hypopnea index (AHI)≥5) (OSA vs non-OSA). The correlation between estradiol 
levels and apnea–hypopnea index were assessed by logistic regression models after adjusting 
for age, body mass index (BMI), Hamilton Depression Rating Scale (HAMD), Pittsburgh 
Sleep Quality Index (PSQI), apnea frequency and progesterone.
Results: Among the 84 patients, 45.23% had OSA. Estradiol levels were significantly 
elevated in non-OSA than in OSA patients (p<0.05). Univariate analysis revealed that 
elevated estradiol levels are associated with reduced odds of OSA (odds ratio [OR] 0.92, 
95% confidence interval [CI] 0.875–0.966, p = 0.001). Multivariate analyses showed that low 
estradiol levels (OR = 0.859, 95% CI 0.826–0.991, p = 0.031), higher HAMD scores (OR = 
1.212, 95% CI 1.012–1.453, p = 0.037), higher apnea frequency (OR = 2.493, 95% CI 
1.389–4.473, p = 0.002) and higher BMI (OR=1.635, 95% CI 1.136–2.353, p = 0.008) are 
correlated with OSA.
Conclusion: The ratio of depressed perimenopausal to postmenopausal women comorbid 
OSA was high. Higher BMI, low estradiol levels, high apnea frequency and high HAMD 
scores were correlated with OSA diagnosis and could be potential diagnostic markers for 
OSA in depressed perimenopausal and postmenopausal women. Reduced estradiol levels 
were correlated with an increased risk of OSA among depressed perimenopausal and 
postmenopausal women.
Keywords: major depressive disorder, estradiol, obstructive sleep apnea, menopause, 
polysomnography

Introduction
Major depressive disorders (MDD) among midlife women is a major public health 
concern. The global annual prevalence of MDD in women is estimated to be around 
5.5% in 2010.1 In China, the prevalence is 5.3% in 2017.2 However, these inci-
dences are elevated among women undergoing menopausal transition.2,3 

Bromberger et al. found that women are two to four times more likely to suffer 
from major depressive disorders (MDD) during the perimenopausal or early post-
menopausal periods.4 Freeman et al studied 231 women undergoing menopausal 
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transition and found that MDD is present in 26% of 
women with perimenopausal and postmenopausal.5

Major depressive disorder (MDD) in women is fre-
quently accompanied by sleep disturbance. Hall et al6 

reported that the prevalence of sleep disorders in menopau-
sal women is 50%. Moreover, menopausal women are more 
likely to suffer from subjective or objective sleep quality 
impairment.7–9 Perger and Lindberg et al reported that 
snoring and obstructive sleep apnea (OSA) are risk factors 
for sleep disturbance during the peri- and postmenopausal 
period.9–11 More than 90% of peri- and postmenopausal 
women with OSA are not clinically diagnosed.11–13 This 
maybe because, menopausal women hardly complain about 
snoring, gasping, witnessed apneas and other stereotypic 
symptoms when compared to men with similar obstructive 
sleep apnea severity.14 However, women with OSA are 
more likely to complain of insomnia, restless legs and 
depression.15 Multiple studies have found that women dur-
ing pregnancy, in those with polycystic ovarian syndrome, 
during the late menopause transition, and in the postmeno-
pause are risk factors for OSA.15–18 While, reported risk 
factors for OSA among women include aging, body mass 
index (BMI), waist circumference and pharyngeal 
abnormalities.15 After adjusting for increasing age and 
higher BMI scores, women in menopause transition and 
postmenopause are 3 times more likely to have OSA com-
pared to premenopausal women.15,18–20 This suggests that 
reduced estradiol levels may affect OSA occurrence during 
menopause transition and in early postmenopause.15

Compared to men with OSA, women with OSA are 
more likely to suffer from depressive symptoms and 
disorders.21 Additionally, in women with or without 
a history of depression, there is an increased prevalence 
of MDD.22 Furthermore, estrogen deficiency is a risk fac-
tor for MDD in women.23 Therefore, changes in female 
reproductive hormone levels maybe associated with 
increased exposure to both OSA and MDD during peri- 
and postmenopause. It has been reported that during the 
peri- and postmenopause periods, there is an association 
between OSA and reduced estradiol (E2) levels in 
depressed women.24 However, after adjusting for age and 
BMI, the association was not significant. Moreover, the 
association between the degree of depressive symptoms, 
apnea frequency determined by the polysomnography 
recordings and progesterone(PRG) levels was not 
evaluated.24 A limited number of studies have evaluated 
the association between OSA and plasma E2 levels in 
depressed peri- and postmenopausal women. Therefore, 

in this study, our objective is to investigate the association 
between OSA and estradiol levels in depressed perimeno-
pausal and postmenopausal women, controlling for differ-
ent potential confounding variables, in order to help test 
hypotheses that lower estradiol levels would correlate with 
greater likelihood of OSA.

Methods
Subjects
A total of 84 female patients who had undergone in-room 
polysomnography, from December 2019 to 
December 2020, were recruited. The inclusion criteria 
were: I. All patients aged between 40 and 65 years; ii. 
Those diagnosed with major depressive or bipolar disor-
ders (in depressive episode) based on the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition 
(DSM-5) criteria; iii. Perimenopause or postmenopausal 
women, as defined by the STRAW menstrual bleeding 
criteria;25 iv. Those who agreed to sign a consent form 
and v. Women whose scores on the Hamilton Depression 
Rating Scale (17-items) ≥ 10. Patients with underlying 
respiratory diseases, a history of taking drugs that can 
affect normal sleep architecture and ANS, psychotic symp-
toms, suicide ideas, restless leg syndrome, those diagnosed 
with other sleep related disorders or other clinical phases 
of bipolar disorder, and a previous history of treatment for 
OSA were excluded. Then, patients were assigned into 
normal (N=46) and OSA groups (N=38). The normal 
group was defined as patients with apnea–hypopnea 
index (AHI)<5, whereas the OSA group was defined as 
AHI≥5, which was the criteria for diagnosing obstructive 
sleep apnea.

All subjects provided written informed consent to be 
included in the study, and the study protocol that was 
written according to the Helsinki Declaration was 
approved by the ethics committee of Sir Run Run Shaw 
Hospital. Before obtaining the consent, the patients were 
given sufficient time and opportunity to inquire about the 
details of the study and decide to study participation 
or not.

Polysomnography
Polysomnographic (PSG) recording was performed using 
Nox A1 (Iceland Nox Medical company). The recorded 
signals were electroencephalography, electrocardiogram, 
electromyography of submentum and leg, arterial oxygen 
saturation (SaO2, including airflow at nose and mouth, 
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chest, and abdominal movement) as well as body position. 
Measurements were performed from 21.00 h to 06.00 h the 
following morning in an air-conditioned, sound insulated 
dark room. Apnea events were based on complete cessa-
tion or near-complete cessation of airflow for at least 10 
seconds or longer while hypopnea events were defined as 
a decrease of 30% in airflow for at least 10 seconds 
accompanied by SaO2 reduction of > 3% or an arousal 
response. Apnea and hypopnea counts were manually 
revised by trained technicians after automatic scoring. 
The apnea–hypopnea index was calculated as the number 
of episodes of apnea and hypopnea per h during total sleep 
time.

Assessment
We performed the Hamilton Depression Rating Scale 
(HAMD) and Pittsburgh Sleep Quality Index (PSQI) scor-
ing for the recruited patients after they had under-
gone PSG.

Serum E2 and PRG levels were evaluated at diagnosis. 
Venous blood samples were drawn after an overnight fast 
of at least 8 h. However, blood samples were not collected 
during the menstrual period for women undergoing meno-
pause transition. E2 and PRG levels were assayed using 
chemiluminescence (BECKMAN COULTER UniCel 
DxI800). The minimal detectable limit for Estradiol and 
progesterone levels were: 0.1 ug/L (progesterone) and 
10.17 pg/mL (E2). The inter-assay coefficients of variation 
were 7.5% (progesterone), 9.6% (E2). The intra-assay 
coefficients of variation were 6.2% (progesterone), 
7.1% (E2).

Statistical Analysis
The Shapiro–Wilk test was used to determine whether data 
were normally distributed. Normally distributed continu-
ous data were expressed as mean ± standard deviation, and 
analyzed by a t test. The chi square test was used for 
classification data while the Mann–Whitney test was 
used to analyze continuous data of non-normal distribu-
tion. The correlation between Apnea frequence and 
HAMD score, BMI, serum estradiol levels were analyzed 
using the Spearman correlation coefficient. Logistic 
regression models were used to evaluate the correlation 
between serum estradiol levels and OSA. Logistical 
regression models were built using OSA as the dependent 
measure and serum estradiol levels as the primary inde-
pendent measure. Multivariable analyses were performed 
using logistic regression models (forced entry) to adjust 

for estradiol, HAMD score, PSQI score, Apnea frequency, 
progesterone, age and BMI. Statistical analyses were per-
formed using SPSS 22.0 (SPSS Inc, Chicago, IL), and p ≤ 
0.05 was considered statistically significant.

Results
Sample Characteristics
The mean age for these patients was 55.29 ± 6.72 years. 
A total of 62 patients were postmenopausal while 22 were 
in the perimenopausal period. Mean serum E2 levels were 
22.72 ± 6.01 pg/mL. On PSG, 38 patients were diagnosed 
as OSA (AHI ≥ 5) while 46 were diagnosed as non-OSA 
(AHI < 5). Compared to women without OSA, serum E2 
levels were significantly reduced in women with OSA 
(p <0.05). A total of 54 women were diagnosed with 
major depressive disorders while 30 were diagnosed 
with bipolar affective disorder. Women with OSA had 
higher BMI than those without OSA (p < 0.001). OSA 
group differed significantly in apnea frequency, HAMD 
and PSQI scores (p < 0.001) with more depression symp-
toms and sleep problems than those in the non-OSA 
group. With regards to menopause status, progesterone 
or depressive disorder diagnoses, there were no significant 
differences between those with and without OSA 
(Table 1).

Correlations Between Serum Estradiol 
Levels and OSA
OSA severity was negatively correlated with E2 levels in 
perimenopausal and postmenopausal women (OR=0.92, 
95% CI 0.875–0.966, p = 0.001). The risk for OSA 
reduced by 8% as E2 levels increased by 1 pg/mL. 
Although a greater proportion of postmenopausal women 
had OSA when compared to those in menopause transition 
(48.4% vs 36.4%, respectively), the association of meno-
pause status with OSA was rendered nonsignificant (p = 
0.33). The statistical results were consistent for postmeno-
pausal women (n =62), exhibiting a negative correlation 
between reduced E2 levels and OSA (OR 0.94, 95% CI 
0.892−0.987, p=0.014). For peri- and postmenopausal 
women, there was a negative correlation between reduced 
progesterone levels and OSA (OR 0.487, 95% CI 0.169– 
1.402, p=0.182). E2 levels inclined to be reduced in those 
with, compared to those without OSA (median estradiol 
19.32 pg/mL vs 26.07 pg/mL in OSA vs non-OSA, p = 
0.003).
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The correlations between apnea frequency and BMI (rs 

=0.156, p=0.157), and apnea frequency and estradiol (rs= 
−0.084,p=0.447) were not significantly. While apnea fre-
quency was positively correlated with higher HAMD 
scores (rs=0.318,p=0.003) (Figure 1).

After simultaneously adjusting for E2, HAMD scores, 
PSQI scores, PRG, apnea frequency, age and BMI, multi-
variate analyses showed that E2 levels (OR = 0.859, 95% 
CI 0.826–0.991, p = 0.031), higher HAMD scores (OR = 
1.212, 95% CI 1.012–1.453, p = 0.037), apnea frequency 
(OR = 2.493, 95% CI 1.389–4.473, p = 0.002) and higher 
BMI (OR=1.635, 95% CI 1.136–2.353, p = 0.008) were 
significantly associated with OSA (Table 2).

Discussion
In this study, we found that 45.23% of the 84 patients with 
depression during the peri- and postmenopause period met 
the inclusion criteria for OSA. Also, we explored that 
OSA was definitively associated with E2 levels in 
depressed perimenopausal and postmenopause women, 

independent of age and BMI. In addition, the present 
study extends prior work linking OSA, depression and 
menopause transition24 and demonstrates an association 
between OSA and HAMD scores, apnea frequency and 
BMI indices. Together, these findings indicate that there 
were many undiagnosed OSA cases with reduced E2 
levels in depressed perimenopausal and postmenopause 
women.

For depressed women in peri- and postmenopause 
periods, serum E2 levels were significantly lower in 
those diagnosed with OSA when compared to those 
without OSA in our study. Furthermore, after adjusting 
for E2 levels, HAMD scores, apnea frequency, PSQI 
scores, PRG levels, age and BMI, it was found that E2 
levels and higher BMI were significantly correlated with 
OSA diagnosis. Therefore, a higher BMI (obesity) score 
is highly associated with OSA occurrence. These find-
ings suggest that E2 reduction may induce OSA. Our 

Table 1 Comparison Between Characteristics of the Study 
Groups

Non-OSA 
(n=46) 
(M,SD)

OSA 
(n=38) 
(M,SD)

t/z p

Age (years) 54.87(6.49) 55.58(6.56) −0.546 0.558
Body Mass Index 

(BMI) (kg/m2)

20.99(1.89) 23.82(3.16) −4.848 0.000

AHI 1.63(1.47) 11.92(7.32) −5.373 0.000
Estradiol(pg/mL) 26.07 

(13.51)

19.32 

(11.53)

−2.998 0.003

Progesterone (pg/ 
mL)

0.93(1.56) 0.59(0.42) −1.9 0.057

HAMD 18.65(4.92) 23.97(5.2) −3.914 0.000
PSQI 11.72(2.14) 12.95(1.82) −2.458 0.014

Apnea frequency 1.13(0.86) 3.34(2.81) −4.685 0.000

x2

Menopause state 
(n)

Perimenopausal 14 8 0.948 0.330

Postmenopausal 32 30

Diagnosis (n)

MDD 33 21 2.46 0.117

BD 13 17

Note: Data are shown by mean (standard deviation). 
Abbreviations: BMI, body mass index; HAMD, Hamilton Rating Scale for 
Depression; OSA, obstructive sleep apnea; PSQI, Pittsburgh Sleep Quality Index; 
MDD, major depressive disorder; BD, bipolar disorder.

Figure 1 Scatterplot of Apnea frequency by HAMD score in depressed perimeno-
pausal and postmenopause women. Distribution of Apnea frequency by HAMD 
score in depressed perimenopausal and postmenopause women is shown.

Table 2 Variables Associated with OSA versus Non-OSA

β Wals P OR 95% CI

Estradiol −0.1 4.665 0.031 0.859 0.826–0.991

HAMD 0.193 4.359 0.037 1.212 1.012–1.453

BMI 0.492 7.006 0.008 1.635 1.136–2.353
Apnea frequency 0.913 9.37 0.002 2.493 1.389–4.473

Age 0.033 0.257 0.612 1.034 0.909–1.177

PSQI 0.092 0.224 0.636 1.097 0.748–1.608
PRG −0.155 0.032 0.859 0.856 0.156–4.715

Abbreviations: BMI, body mass index; CI, confidence interval; HAMD, Hamilton 
Rating Scale for Depression; OR, odds ratio.
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findings are consistent with those of a study that 
reported an inverse relationship between E2 levels and 
OSA,24,26 and are indirectly supported by reports that 
postmenopausal women using hormone therapy have 
a lower prevalence of OSA than those not taking hor-
mone therapy.19,27 Depressed women in late menopause 
transition and postmenopause periods and who have 
higher BMI scores and lower estradiol levels should be 
referred to a sleep clinic for OSA screening by 
polysomnography.

In our results, there was higher HAMD scores and apnea 
frequency for women with OSA than that for women with-
out OSA. Moreover, there was a significant correlation 
between HAMD scores, apnea frequency and OSA diagno-
sis, implying that higher HAMD scores greatly increase 
OSA risks or possibility of having higher apnea frequency. 
It would be logical to assume that higher apnea frequency 
or OSA might also exacerbate depression symptoms. 
A significant correlation was shown between OSA, apnea 
frequency and depressive severity, as revealed by HAMD 
scores and apnea frequency in women with depression who 
were in menopause transition and postmenopause periods.

Although our sample size was comparable to those of 
other studies, it was relatively small. Studies with larger 
sample sizes should determine whether OSA treatment 
may further improve sleep quality and mood in depressed 
peri- and postmenopause women.

Conclusion
In conclusion, there are many cases of undiagnosed OSA 
among depressed peri- and postmenopause women. 
Moreover, there is a correlation between reduced E2 levels 
and OSA, with higher HAMD scores, higher apnea fre-
quency and higher BMI scores being associated with OSA 
diagnosis in depressed women during the peri- and post-
menopause periods. Treatment of sleep and depression 
disorders among women should not overlook OSA treat-
ment. OSA screening and providing the necessary treat-
ment can improve therapeutic response rates for 
depression.28 When treating mood disorders complicated 
by OSA, psychiatrists should be cautious of using drugs 
with a muscle relaxant effect, such as benzodiazepines.
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