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Abstract

Objective—Women’s risk of obstructive sleep apnea (OSA) increases substantially during and
after the menopause transition, when depression risk is also elevated, raising the possibility that
estrogen withdrawal contributes to OSA vulnerability, in turn contributing to mood disturbance.
We examined the association between estradiol levels and OSA in depressed peri- and
postmenopausal women.

Methods—Thirty depressed peri/postmenopausal women (mean BMI 30.82 kg/m?) without
known OSA completed routine polysomnography concurrent with serum estradiol levels. Estradiol
in women with apnea-hypopnea indices (AHI)=15 indicating moderate-to-severe OSA was
compared against those with AHI <15 using logistic regression adjusting for age and body mass
index (BMI).

Results—Thirteen women (43%) had AHI=15 (median AHI 21.6). Estradiol levels were lower
(p=0.02) in those with OSA (median 19, interquartile range [IQR] 9-25, pg/ml) than without OSA
(median 29, IQR 19-66, pg/ml). On univariate analysis, higher estradiol was associated with
reduced odds of OSA (odds ratio [OR] 0.95, 95% confidence interval [CI] 0.90-0.99, p=0.04).
After adjusting for age and BMI, E2 levels remained associated with lower odds of OSA (OR
0.90), but the association was no longer statistically significant (95% CI 0.76-1.05, p=0.18).
Montgomery Asberg Depression Rating Scale scores did not differ between those with and
without OSA.

Conclusions—These preliminary results suggest that, in addition to higher BMI and age, lower
estradiol may be associated with increased OSA risk in depressed women during the peri- and
postmenopause, raising the possibility that estradiol withdrawal associated with menopause
influences upper-airway patency in women.
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INTRODUCTION

Menopause is a period of increased risk for the development of sleep problems and mood
disturbance. Sleep complaints increase from 12% in women younger than age 44 to 40% in
women during the late 40s and early 50s.1-3 A common and under-recognized cause of such
sleep complaints is obstructive sleep apnea (OSA). OSA is defined by repetitive episodes of
complete (apnea) or partial (hypopnea) airway obstruction that are associated with transient
oxygen desaturations and brief arousals from sleep. OSA leads to snoring and sleep
fragmentation, which in turn can result in excessive daytime sleepiness, cognitive deficits,
and mood disturbance.* While often undiagnosed and not treated,” it is important to identify
and treat OSA because this condition can result in important health problems such as clinical
depression, diabetes, cardiovascular disease, heart failure, hypertension, and stroke.14:6

While OSA is 2-3 times more prevalent in men than in women before age 50, this sex
difference decreases with age because of the increased prevalence of OSA in women during
and after the menopause transition.5-8 However women may be less likely to be referred for
evaluation and diagnosed with OSA because they can present with a different symptom
profile.#® Women are less likely to have witnessed apneic events and often have symptoms
that are less clearly linked to OSA, such as insomnia and depression.#-6:9 For women, the
risk of OSA is elevated during pregnancy, in those with polycystic ovarian syndrome, during
the late menopause transition, and in the postmenopause.>-10-12 Other risk factors for OSA
in women are increasing age, body mass index (BMI), waist circumference, and anatomical
changes in the upper airway. Epidemiologic studies show that, relative to premenopausal
women, women in the menopause transition and recent postmenopause are 3 times more
likely to have OSA,12-14 after controlling for known OSA risk factors of increasing age and
higher BMI.® This observation raises the possibility that lower levels of estradiol might
contribute to the increased prevalence of OSA during the menopause transition and early
postmenopause.

Women with OSA are more likely than men with OSA to have depression as a presenting
symptom.® The prevalence of depression is also increased®16 during the menopause
transition and early postmenopause, and depressive symptoms are strongly associated with
variability and withdrawal of estradiol. Depression is closely linked with sleep disturbance,
including in this midlife population.17-18 Therefore it is plausible that changes in female
reproductive hormones underlie the increased vulnerability to both OSA and depression
during the menopause transition and early postmenopause. As such, this preliminary study
examines the association between serum estradiol levels and OSA in peri- and early
postmenopause women with depressive disorders to test the hypothesis that lower estradiol
levels are linked with greater likelihood of OSA in depressed peri- and postmenopausal
women.

METHODS

Data for this analysis derive from screening procedures completed as part of two clinical
trialsl’ focused on 40-62 year-old women who (a) were in the menopause transition and
postmenopause and (b) met criteria for a unipolar depressive disorder. Of the 30 women in
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this analysis, 23 were screened for one trial,1” and 7 were screened for the second clinical
trial. Participants in this study comprise 20% and 29% of women enrolled in the first and
second study, respectively. Details of those studies are available elsewhere.1” Briefly, women
with untreated mild-to-moderate depressive symptoms and no known history of sleep apnea
who appeared eligible for the studies provided a blood sample for estradiol and completed a
polysomnographic (PSG) study to screen for OSA, which was a key exclusion criterion for
the studies. Potential participants were recruited from hospital patients and the community
using fliers and approved email circulars. All women who completed these procedures were
included in this analysis, regardless of whether they met criteria for OSA or not. Serum
estradiol levels in women who had an apnea-hypopnea index (AHI) of =15 on the PSG
indicating at least moderate OSA® were compared against those with an AHI <15. All study
procedures were approved by the Partners HealthCare Institutional Review Board and
completed at Massachusetts General Hospital between 2005 and 2010 after the women
provided written informed consent.

Participants

Eligibility criteria for both of these studies were the same. Women were eligible to
participate in these studies if they met the following criteria: 1) 40-62 years of age, 2)
menopause transition or postmenopausal, as defined by the STRAW menstrual bleeding
criteria,29 3) met criteria for a major depressive episode (MDE), dysthymia, or a minor
depressive episode, 4) were experiencing mild to moderate depressive symptoms, as
indicated by a score of 15-31 on the Montgomery Asberg Depression Rating Scale
(MADRS, range 0-60, higher score worse),2 and 4) in good general health. Five women
who had undergone a hysterectomy without oophorectomy were classified as
postmenopausal because they were =48 years, their serum estradiol levels were non-
detectable, and their FSH levels were >50 IU/L. Exclusion criteria included: 1) known sleep
disorder, including OSA; 2) psychiatric illness, including severe depression (MADRS score
>31), bipolar disorder, and alcohol or substance-use disorder; 3) current or recent use of
centrally active medication including antidepressants, anticonvulsants, or hypnotics; 4) use
of systemic hormone medications in the past 3 months; 5) pregnancy; and 6) clinically
significant abnormalities in screening laboratory studies. Additional inclusion criteria for
one of the studies!’ included the presence of hot flashes and sleep disturbance related to hot
flashes.

Measures

Results of a single PSG study obtained for screening purposes was used for this analysis. All
were conducted at Brigham and Women’s Hospital Sleep Health Centers in Boston and
scored by registered polysomnographic technicians. Standard American Academy of Sleep
Medicine (AASM)-recommended channels were recorded, including EEG, EOG, EMG,
respiration (nasal pressure, oral thermistry, oxygen saturation [SaO5], and chest-abdominal
motion), EKG, body position, snoring, and bilateral anterior tibialis electromyography.
Respiratory events were scored using the Chicago criteria (AASM 1999). An AHI score =15
indicating at least moderate OSA was used to define the subgroup that had clinically
meaningful levels of sleep apnea (n=13, 43%).
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Serum estradiol levels were obtained at the screening visit, which was scheduled within a
median of 6 days from the overnight PSG laboratory study. Blood draws were not
menstrually timed in women undergoing the menopause transition. Estradiol was assayed
using either immunoassay or liquid chromatography-mass spectrometry. For one study
(n=23),17 serum samples were analyzed using an automated, random access, microparticle
enzyme immunoassay (AxSYM; Abbott Diagnostics, Inc, Abbott Park, IL) with an
analytical sensitivity of 20 pg/mL, intra-assay coefficient of variation (CV) 2.1-4.5% and
inter-assay CV 6.5-9.6%. For the other study (n=7), serum samples were analyzed using
liquid chromatography-mass spectrometry (Mayo Clinic, Rochester, NY) with an analytical
sensitivity of 10 pg/ml using an inter-assay CV of 8.6%.22 Given these detection limits,
serum estradiol was assigned to be 19pg/mL (n=8) and 9 pg/mL (n=5) for assays with
analytic sensitivity of 20 pg/mL and 10 pg/mL, respectively. In sensitivity analyses, estradiol
levels <20 pg/mL obtained in the study with the more sensitive assay were assigned to 19
pg/mL. The prevalence of OSA was not associated with enrollment in a particular study
(p=0.19).

Statistical Analysis

RESULTS

The correlation between the AHI and serum estradiol levels was analyzed using the
Spearman correlation coefficient and the association between estradiol levels and OSA was
analyzed using the non-parametric Wilcoxon rank sum test. Logistical regression models
were built using OSA as the dependent measure and serum estradiol levels as the primary
independent measure. Multivariate models were built to adjust for age and BMI, which are
known predictors for OSA. Statistical significance was assumed at the two-sided a. = 0.05
level. Parallel approaches were used for secondary analyses using estradiol 19 pg/mL for all
women with estradiol levels <20 pg/mL. Descriptive data are reported on the proportion of
apneic and hypopneic events occurring in rapid eye movement (REM) and non-REM and,
similarly, when women were lying supine vs. non-supine among the subgroup of participants
with AHI=15, after standardizing to the amount of time spent in REM vs. non-REM and
supine vs. non-supine.

Participant Characteristics

The mean age of all 30 women was 53.7 years (SD 4.4 years). Twenty-three (77%) were
postmenopausal (median time from final menstrual period 66 months) and 7 (23%) women
were in the menopause transition (4 late, 3 early transition). Serum estradiol levels for the
group overall (median 24.5, IQR 19-53 pg/ml) were above the detectable threshold for the
assay used in 17 (57%) participants. Undetectable levels were observed in 8 (35%) and 5
(71%) of those in the study with an estradiol threshold of 19 pg/ml and 9 pg/ml, respectively.
Levels were higher among women in the menopause transition (median 48, IQR 19-84
pg/mL) than in the postmenopause (median 23, IQR 19-33 pg/ml, p=0.08). Approximately
half of the women were obese (53%, BMI =30 kg/m?) while the remainder were overweight
(37%, BMI 25-29.9 kg/m?) or of normal weight (10%, BMI 18.5-24.9 kg/m?). 67% of the
women included in this study met criteria for MDE, 23% for dysthymia, and 10% for a
minor depressive episode. The median AHI was 13.1 (IQR 6.9-19.1).
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AHI scores were 215 in 13 (43%) women, whose median AHI was 21.6 (IQR 16.5-33.4).
For those without OSA (AHI <15), the median AHI was 7.6 (IQR 4.1-10.2). Table 1 shows
study characteristics of the group with and without OSA. Estradiol levels were lower
(p=0.02; Figure 1) in those with OSA (median 19, interquartile range [IQR] 9-25, pg/ml)
than without OSA (median 29, IQR 19-70, pg/ml). Women with OSA were more likely to
be overweight or obese than those without OSA (p=0.01). The groups differed significantly
in age (p<0.001) with women in the OSA group being older than those in the no OSA group.
There were no differences between those with and without OSA in race, menopause status,
or depressive disorder diagnosis. Median depressive symptom scores on the MADRS did not
differ between OSA groups (21, interquartile range [IQR] 18-25, vs. 20, IQR 17-23,
p=0.61).

Regression analyses

The odds of meeting criteria for moderate-to-severe OSA was reduced by 5% for every 1
pg/ml increase in the estradiol level (OR 0.95, 95% CI 0.90-0.99, p=0.04). Although a
greater proportion of postmenopausal women than of those in menopause transition had
OSA (47.8% vs. 28.5%, respectively), menopause status was not significantly associated
with OSA (p=0.38). Models restricted to postmenopausal women (n=23) were consistent,
showing a marginal protective association between higher estradiol and odds of OSA (OR
0.95, 95% CI1 0.90-1.01, p=0.11). Estradiol tended to be lower in those with compared to
those without OSA (median estradiol 19 pg/ml vs. 26 pg/ml in OSA vs. non-OSA, p=0.08).

AHI was positively correlated with higher BMI (rs=0.48, p=0.01) and increasing age
(rs=0.40, p=0.03). Bivariate logistical regression analyses with moderate-to-severe OSA as
the dependent measure revealed that lower estradiol (OR 0.91, 95% CI 0.84-0.99, p=0.04)
and higher BMI (OR 1.46, 95% CI 1.07-1.99, p=0.02) were significantly associated with
OSA. In parallel bivariate logistical regression analyses adjusting for both estradiol and age,
age (OR 1.39, 95% CI 1.03-1.89, p=0.03), but not estradiol levels (OR 0.96, 95% CI 0.91-
1.01, p=0.16) was significantly associated with OSA. Multivariate analyses adjusting
simultaneously for estradiol, age, and BMI similarly show that estradiol levels were not
significantly associated with OSA (OR 0.90, 95% CI 0.76-1.05, p=0.18), while older age
(OR 2.29, 95% CI 1.09-4.80, p=0.03) and higher BMI (OR 2.34, 95% CI 1.11-4.95,
p=0.03) were significant correlates.

Exploratory analyses

Results of secondary analyses substituting estradiol 19 pg/mL for all estradiol levels <20
pg/mL were consistent with primary analyses (OR 0.95, 95% CI 0.90-1.00, p=0.055). In
additional exploratory analyses, the REM:non-REM AHI ratio was 1.97 and the supine:non-
supine AHI ratio was 1.53, after accounting for the proportion of time spent in REM vs.
non-REM sleep and in the supine vs. non-supine position, respectively.

DISCUSSION

Results of this preliminary study provide initial evidence that undiagnosed obstructive sleep
apnea occurs commonly in women with depression who are in the menopause transition and
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early postmenopause and suggest that lower levels of estradiol are associated with moderate-
to-severe OSA in this population. The likelihood of having OSA was high (43% OSA
prevalence) but not linked with severity of depressive symptoms. Given the cross-sectional
analyses and the attenuation of the association after adjustment for age and BMI, we cannot
conclude that lower estradiol levels are definitively associated with OSA. Because advancing
age is associated with both declining estradiol levels and increasing BMI, our results suggest
a need to further consider the roles of reproductive hormones in the context of BMI and age
in modulating the vulnerability to OSA that emerges during the late menopause transition
and postmenopause hormonal transition periods. Increasing age might also contribute to
susceptibility to OSA through increases in weight gain, upper airway collapsibility, and
sleep fragmentation. Taken together, these preliminary findings suggest that, in midlife
women with depression, there is a high prevalence of undiagnosed OSA that is accompanied
by lower estradiol levels.

While withdrawal of reproductive hormones has been hypothesized to contribute to the
increased risk of OSA in women during the late menopause transition and postmenopause,
few studies have examined the relationship between estradiol levels and OSA.23:24 Results
of one small study of women referred to a sleep clinic for suspected OSA showed that
estradiol levels were lower in 20 postmenopausal women with OSA as contrasted with 6
postmenopausal women without OSA (mean 12.9 vs. mean 30.8 pg/ml).23 Age and BMI
were not statistically different between those with and without OSA, but their study results
were not statistically adjusted for age or BMI. Our results are consistent with this earlier
study, and extend the findings to a distinct population of women who had clinical
depression. Our results are also consistent with studies demonstrating an inverse relationship
between estradiol and OSA, which is indirectly suggested by reports that postmenopausal
women using hormone therapy have a lower prevalence of OSA than those not taking
hormone therapy.1325 In contrast, findings from intervention studies using estrogen
withdrawal or replacement suggest that there is no clear association between estradiol levels
and OSA.2426-29 Estradiol withdrawal did not induce OSA in a study of 12 healthy
premenopausal women evaluated after 5 weeks of hypo-estrogenism precipitated by a
gonadotropin releasing hormone agonist. In addition, results of studies administering
estrogen therapy to postmenopausal women who have OSA are mixed, with several studies
reporting that estrogen with or without progesterone has favorable effects on some, but not
all, OSA symptoms and measures,26-28 while others found no significant improvement in
OSA.2427.28 \While results of these intervention studies suggest that the link between
estradiol levels and OSA is tenuous, it is notable that the interval in which the estrogen
withdrawal or replacement occurred was limited to 5 and a maximum of 24 weeks,
respectively. 24:26-29 |t is plausible that any contribution of reduced estradiol levels to OSA
vulnerability may not accrue until there is a substantial period of exposure to hypo-
estrogenism.

Previous studies have linked OSA and reduced upper-airway activation with reduced levels
of both estradiol and progesterone, and several hypotheses about the mechanisms through
which reductions in female gonadal steroids are linked with OSA have been proposed.’
Results of a physiologic study conducted in women without OSA showed that activation of
the pharyngeal dilating genioglossal muscle is lowest in postmenopausal women and lower
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in the mid-follicular than the mid-luteal phase among premenopausal women,3° which could
render the pharyngeal airway more vulnerable to collapse during sleep. In contrast, upper
airway resistance was not influenced by menopause status or gonadal steroid levels.3% While
a limitation of our study was that progesterone was not measured, progesterone levels are
exceedingly low in postmenopausal hypo-estrogenic women due to anovulation. It is also
plausible that estradiol and progesterone may affect ventilatory control stability or the
arousal threshold, but this hypothesis was not examined.

Like other populations of midlife women, our peri/postmenopausal study sample has a
greater proportion of OSA events during REM than do men.31:32 \We also observed our
midlife female population to have a disproportionately greater number of apneic and
hypopneic events in the supine position, consistent with studies in post-menopausal women
and in men,32 and higher than that in younger women.33 Our findings add to the literature
showing that, like men, postmenopausal women with OSA are more position sensitive and
have more apneic events lying on their back.

We identified moderate-to-severe OSA in 43% of midlife women seeking treatment for an
episode of depression. This prevalence estimate is consistent with that in other clinic-based
estimates in depressed individuals (median 48% prevalence, range 0-66%).34 We focused on
moderate-to-severe OSA because this OSA threshold has been most strongly associated with
important health outcomes. In addition, limited statistical power precluded use of a more
liberal threshold that included women with much milder OSA (AHI=5; n=24, 80% of
sample). Levels of depressive symptoms did not differ between those with and without OSA,
but our study design limited our ability to discriminate because the MADRS range was
restricted to 15-31 for study eligibility, limiting our ability to assess the association with the
full spectrum of depressive symptoms. However, the high prevalence of OSA highlights the
importance of OSA screening in peri/postmenopausal women with depression who present
with depression during midlife, particularly those who are obese or overweight.
Approximately half of our study population was obese. Higher BMI and body fat in the neck
region specifically are linked with OSA in women.3% However, higher BMI and body fat are
linked with higher estradiol levels in postmenopausal women,36-38 highlighting the complex
relationship of OSA with BMI and estradiol levels that warrant further exploration.

While limited by small sample size and a single cross-sectional measure of estradiol, this
study provides preliminary evidence warranting further investigation in women because of
the potential to identify women susceptible to both OSA and depression episodes during the
menopause transition and postmenopause. The largely obese study population might also
limit generalizability of our findings to the women with a lower mean BMI. The cumulative
detrimental effects of OSA and depression, often in combination with increasing BMI, can
lead to sleepiness, lethargy, and social withdrawal that perpetuates poor health and well-
being in aging women.

CONCLUSION

These preliminary results suggest that risk factors for OSA in depressed women during the
menopause transition and postmenopause may include lower estradiol levels as well as age
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and BMI. Although our study was not sufficiently large to disentangle the independent
contributions of these factors, our findings raise the possibility that estradiol withdrawal
associated with increasing age during the menopause transition and postmenopause may
influence the predisposition to OSA in women. Women are more likely to experience
depression in general and to have mood disturbance as a presenting symptom of an
undiagnosed OSA, emphasizing the importance of screening for OSA in midlife women
with depression who may or may not have other OSA features (e.g., sleepiness) or that is
non-responsive to traditional interventions for depression. These studies have important
implications for the diagnosis and treatment of co-morbid sleep disorders in midlife women
with depression.
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Figure 1.
Serum estradiol levels in 30 women with depression differed significantly in those with and

without obstructive sleep apnea (OSA, defined as AHI >15)
Analyses conducted using Wilcoxon rank sum test.
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Table 1

Characteristics of Depressed Peri- and Postmenopausal Women According to Presence or Absence of
Obstructive Sleep Apnea (OSA) based on Apnea-hypopnea Index (AHI) =15

All Women No OSA OSA
(N=30) (N=17) (N=13)
Age, years (Median, IQR)2 54 (51-57) 52 (49-54) 57 (54-59)
Race/Ethnicity, N (%0)
White 18 (60.0) 11 (64.7) 7(53.8)
African-American 10 (33.3) 4 (23.5) 6 (46.2)
Other 2 (6.7) 2(11.8) 0(0.0)
Body Mass Index (BMI), kg/m?, N (%)2
Normal (BMI 18.5-24.9) 3 (10.0) 3(17.6) 0(0.0)
Overweight (BMI 25-29.9) 11 (36.7) 8 (47.1) 3(23.1)
Obese (BMI =30) 16 (53.3) 6 (35.3) 10 (76.9)
Menopausal Status, N (%)
Perimenopausal 7 (23.3) 5(29.4) 2 (15.4)
Postmenopausal 23 (76.7) 12 (70.6) 11 (84.6)

Apnea Hypopnea Index (Median, IQR)? 131 (6.9-19.1) 7.6 (4.1-10.2) 216 (165-33.4)

Estradiol, pg/ml (Median, IQR)ab 25(19-53) 29 (19-70) 19 (9-29)
<19 pg/ml, N (%) 13 (43%) 5 (29%) 8 (62%)
Depressive Disorders, N (%)
Major Depressive Episode 20 (66.7) 10 (58.8) 10 (76.9)
Dysthymia 7 (23.3) 1(5.9) 2 (15.4)
Minor Depressive Episode 3 (10.0) 6 (35.3) 1(7.7)
Perceived Sleep Quality Index score, Median (IQR)C 12 (10-15) 11 (9-14) 15 (10-16)

Daily Hot Flash frequency, Median (IQR)d 5.8 (4.0-10.0) 6.0(3.1-154) 53(4.2-10.0)

Continuous variables presented as median and interquartile range (IQR). Categorical data presented as N (%6).
ap <0.05 for those with vs. without OSA.

bSerum estradiol was assigned to be 19pg/mL (n=8) and 9 pg/mL (n=5) for assays with analytic sensitivity of 20 pg/mL and 10 pg/mL,
respectively.

EData available for 22 women (No OSA, n=15; OSA n=7)

dData calculated from average number of hot flashes per day reported on a 7-day diary were available for 25 women (No OSA, n=14; OSA n=11).
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