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Abstract: Women with obstructive sleep apnea (OSA) are at increased risk of poor pregnancy
outcomes such as fetal growth restriction, hypertensive disorders of pregnancy, and gestational
diabetes mellitus. Given this increased risk, we aimed to study the screening prevalence of OSA in
women seeking fertility treatment. We performed a cross sectional study of patients presenting to a
university-affiliated fertility clinic between March-April 2021. Patients were asked to complete OSA
screening (STOP-BANG), anxiety screening (GAD-7), and depression screening (PHQ-2) question-
naires. 107 women completed the surveys. Mean age was 35.1 years and mean body mass index (BMI)
was 25.7 kg/m2. Nine (8.4%) women screened positive for OSA using the STOP-BANG screening tool.
Women who screened positive for OSA were more likely to be older (37.8 years vs. 34.7 years, p = 0.02)
and have a higher BMI (42.6 kg/m2 vs. 27.4 kg/m2, p < 0.001). Women who screened positive for
OSA were also more likely to screen positive for mild-severe depressive symptoms (22.2% vs. 3.1%,
p = 0.006) and mild-severe anxiety (66.7% vs. 21.4%, p = 0.003) symptoms. 24.3% of the population
had polycystic ovary syndrome (PCOS). Women with PCOS were more likely to screen positive for
OSA (19.2% vs. 4.9%; p = 0.04). Despite this being a low-risk population of young women seeking
fertility evaluation or treatment, 8% screened positive for OSA. Given the association between OSA
and adverse pregnancy outcomes, our results underline the need to screen women seeking fertility
treatment.

Keywords: obstructive sleep apnea; sleep disturbance; infertility; fertility; pregnancy; depres-
sion; anxiety

1. Introduction

Approximately 47% of pregnant women have at least one pre-specified pregnancy
complication, such as fetal abnormalities, preterm delivery, hypertensive disorders, or
gestational diabetes [1]. These pregnancy complications are associated with higher adjusted
incremental health care costs, with hypertension and diabetes diagnoses increasing costs
by approximately $6000 and $5000, respectively [1]. In women who seek treatment for
infertility, preconception counselling and testing is often performed to identify women at
high risk for pregnancy complications and treat any risk factors ahead of time. However,
given the young age of most women presenting for fertility care, screening for obstructive
sleep apnea (OSA) is often overlooked.

Obstructive sleep apnea, the most common sleep breathing disorder, is characterized
by recurrent episodes of partial or complete obstruction of the upper airway leading to
reduced or absent breathing during sleep [2]. OSA is associated with an increased risk for
several medical comorbidities including hypertension, cardiovascular disease, heart failure,
neuropsychiatric dysfunction, and type 2 diabetes [3–16], and affects approximately 9%
of reproductive aged women and between 4–32% of uncomplicated pregnancies [17–20].
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Pregnant women may also be predisposed to OSA due to hormonal and physical changes
throughout pregnancy such as increased body weight and upper airway edema [21].
Multiple studies have demonstrated that even “mild” OSA by traditional diagnostic criteria
is an independent risk factor for pregnancy-related complications such as hypertensive
disorders of pregnancy (early-pregnancy: OR 1.46, 95% CI 0.91–2.32; mid-pregnancy:
OR 1.73, 95% CI 1.19–2.52), preeclampsia (early-pregnancy: OR 1.94, 95% CI 1.07–3.51;
mid-pregnancy: OR 1.95, 95% CI 1.18–3.23), gestational diabetes (early-pregnancy: OR
3.47, 95% CI 1.95–6.91; mid-pregnancy: OR 2.79, 95% CI 1.63–4.77), and, possibly, poor
neonatal outcomes [20,22–28]. The precise mechanism by which sleep disorders adversely
influence pregnancy outcomes remains unclear. However, some hypothesize that poor
sleep quality increases intravascular inflammation, oxidative stress, and endothelial cell
dysfunction [2,29] which are central to the development of preeclampsia [30–33]. Despite
this established association between OSA and adverse pregnancy outcomes, little research
has examined OSA’s association with infertility.

To date, the majority of evidence for the association between sleep disturbances and
diminished reproductive capacity has been described in the context of shiftwork with
circadian misalignment [34,35]. Given the increased risk of poor pregnancy outcomes in
women with OSA, we aimed to study the prevalence of OSA in women seeking fertility
treatment.

2. Results

Between March and June 2021, 107 women completed screenings for OSA (STOP-
BANG), anxiety (Generalized Anxiety Disorder-7, GAD-7), and depression (Patient Health
Questionnaire-2, PHQ-2) during new patient or return clinic visits at Generations Fertility
Care in Madison, WI. The mean age was 34.9 (±4.0) years, and the mean body mass index
(BMI) was 28.7 (±8.2) kg/m2. Most women were married (92.5%), Caucasian (88.8%), and
did not report a history of depression (76.6%) or anxiety (64.5%). Two women reported a
previous history of OSA (1.9%) but only one reported using a continuous positive airway
pressure (CPAP) machine. Six women (4.7%) screened positive for mild-severe depressive
symptoms and 27 women (25.2%) screened positive for mild-severe anxiety symptoms.

Nine women (8.4%) screened positive for intermediate-high risk OSA. Women who
screened positive for OSA were more likely to be Caucasian, married, older (37.8 years vs.
34.7 years, p = 0.02), have a higher BMI (42.6 kg/m2 vs. 27.4 kg/m2, p < 0.001) and have a
history of depression (77.8% vs. 18.4%, p < 0.001) or anxiety (77.8% vs. 31.6%, p = 0.006)
compared to those who screened negative (Table 1). All nine patients who screened positive
for OSA had a BMI > 35 kg/m2 (versus 12.2% of those who screened negative; p < 0.001).
Women who screened positive for OSA were also more likely to screen positive for mild
depressive symptoms (22.2% vs. 3.1%, p = 0.009) with a higher PHQ2 score (median: 2
(IQR: 0–2) vs. 0 (IQR: 0–1); p = 0.005). They were also more likely to screen positive for mild
and moderate anxiety (mild: 44.4% vs. 17.4%; moderate: 22.2% vs. 4.1%; p = 0.009) with a
higher GAD7 score (median: 5 (IQR: 2–8) vs. 2 (IQR: 0–4); p = 0.04).

Table 1. Comparison of demographics of participants screening positive versus negative for OSA.

No OSA OSA p Value

Total 98 (91.6) 9 (8.4)

Mean age (years) (sd) 34.7 (3.8) 37.8 (4.4) 0.02

Age categories (years)
26–30 22 (22.5) 1 (11.1)

0.07
31–35 41 (41.8) 1 (11.1)
36–40 29 (29.6) 5 (55.6)
41–45 6 (6.1) 2 (22.2)
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Table 1. Cont.

No OSA OSA p Value

Race
White 84 (85.7) 8 (89.9)

0.02Black or African American 0 (0) 1 (12.5)
Other 14 (14.3) 0 (0)

Mean BMI (kg/m2) (sd) 27.4 (7.3) 42.6 (4.5) <0.001

BMI (kg/m2)
Underweight (<18.5) 6 (6.1) 0 (0)

<0.001

Normal weight (18.5–24.9) 42 (42.9) 0 (0)
Overweight (25–29.9) 22 (22.5) 0 (0)

Obese Class I (30.0–34.9) 16 (16.3) 0 (0)
Obese Class II (35.0–39.9) 5 (5.1) 3 (33.2)

Obese Class III (>40.0) 7 (7.1) 6 (66.7)

Marital status
Single 0 (0) 2 (22.2)

<0.001
Married 92 (93.4) 7 (77.8)

Separated 1 (1.0) 0 (0)
Divorced 1 (1.0) 0 (0)
Partner 4 (4.1) 0 (0)

History of OSA
No 98 (100) 7 (77.8)

<0.001Yes 0 (0) 2 (22.2)

History of depression
No 80 (81.6) 2 (22.2)

<0.001Yes 18 (18.4) 7 (77.8)

Median PHQ2 score (IQR) 0 (0–2) 2 (1–4) 0.005

Screen positive for depression
PHQ2: 0–2 (negative depression score) 95 (96.9) 7 (77.8)

0.009PHQ2: 3 or more (positive depression score) 3 (3.1) 2 (22.2)

History of anxiety
No 67 (68.4) 2 (22.2)

0.006Yes 31 (31.6) 7 (77.8)

Median GAD7 score (IQR) 5 (2–8) 2 (0–4) 0.04

Anxiety
GAD7: 0–4 (minimal anxiety) 77 (78.6) 3 (33.3)

0.006
GAD7: 5–9 (mild anxiety) 17 (17.4) 4 (44.4)

GAD7: 10–14 (moderate anxiety) 4 (4.1) 2 (22.2)
GAD7: >15 (severe anxiety) 0 (0) 0 (0)

Categorical variables presented as n (%). Continuous variables are calculated using t-test or Wilcoxon rank sum
as appropriate and presented as mean (standard deviation (SD)) or median (IQR (interquartile range)).

In addition, 45 women (42.1%) reported at least one other sleep related symptom
including 13 women (12.2%) who reported snoring loudly; 35 women (32.7%) who reported
feeling tired, fatigued, or sleepy during the daytime; and five women (4.7%) who reported
someone observe that they stopped breathing, choked, or gasped during their sleep. Similar
to those who screened positive for OSA, those who reported another sleep related symptom
were more likely to have a higher BMI (31.1 kg/m2 vs. 26.2 kg/m2; p = 0.002) and more
likely to have mild or moderate anxiety (mild: 31.1% vs. 11.3%; moderate: 11.1% vs. 1.6%;
p = 0.002) than those who did not have a sleep related symptom. If only women with a
BMI >35 kg/m2 were screened for OSA, 66.7% of women with a sleep related symptom
and 66.7% of women with anxiety would have been missed.

Twenty-six women had polycystic ovary syndrome (PCOS) (24.3%) and nine had a
history of chronic hypertension (8.4%). Women with PCOS were more likely to screen
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positive for OSA than women without PCOS (19.2% vs. 4.9%; p = 0.04). Similarly, women
with a history of chronic hypertension were more likely to screen positive for OSA (44.4%
vs. 5.1%; p = 0.003).

3. Discussion

In this observational study, we found that approximately 8% of young women seeking
infertility evaluation screened positive for OSA using the STOP-BANG screening question-
naire. We also found that women who screened positive for OSA were also more likely to
screen positive for mild depression and mild-severe anxiety.

Despite the growing data on the negative impacts of OSA in pregnancy, there is
minimal data on the prevalence of OSA in women with infertility. In a secondary analysis
of two large randomized controlled trials evaluating fertility treatment options in women
with PCOS and unexplained infertility, women with PCOS had higher rates of both self-
reported diagnosis of OSA (7.1% vs. 1.6%, p < 0.002) and “clinical symptoms of obstructive
sleep apnea” defined as having a sleep duration of <6 h and snoring (4.1% vs. 0.9%,
p < 0.001) [36]. However, no study has performed overnight polysomnography on women
with infertility.

The importance of OSA screening in women seeking fertility treatment is highlighted
by the established association between OSA and pregnancy complications in recent stud-
ies. One of the most comprehensive studies, a sub-study of the Nulliparous Pregnancy
Outcomes Study Monitoring Mothers-to-be (nuMoM2b), recruited 3702 healthy pregnant
women to undergo objective, overnight-in home assessments of sleep-disordered breathing.
They found that women with OSA had an increased odds of preeclampsia in early (OR:
1.94, 95% CI 1.07–3.51) and mid- (OR: 1.95, 95% CI 1.18–3.23) pregnancy, hypertensive
disorders of pregnancy in early (OR: 1.46, 95% CI 0.91–2.32) and mid- (OR: 1.73, 95% CI
1.19–2.52) pregnancy, and gestational diabetes mellitus (GDM) in early (OR: 3.47, 95% CI
1.95–6.19) and mid- (OR: 2.79, 95% CI 1.63–4.77) pregnancy [20].

Interestingly, we also found that 42% of women in our study reported a sleep related
symptom such as snoring, daytime sleepiness, or witnessed apneic events. Females have
been shown to be more symptomatic with lower apnea-hypopnea scores compared to
males [37]. Women may also display upper airway restriction rather than overt obstruction
on testing, and may report fatigue, rather than sleepiness, mood disorders, or insomnia as
their main complaints [38,39]. As a consequence of these differences in clinical presentation
and diagnostic criteria, females with sleep disordered breathing are likely underdiagnosed
and undertreated compared to males [40,41].

Depression and OSA are two associated comorbidities with many overlapping symp-
toms such as disturbed sleep, weight gain, restlessness, and fatigue [41]. The relationship
between OSA and depression is complex. Some researchers hypothesize that sleep frag-
mentation and hypoxemia seen in OSA may play a large role in influencing depressive
symptoms [42,43]. Other researchers have found that continuous positive airway pressure
therapy (CPAP) use among patients with OSA was associated with improvements in both
depressive and anxiety symptoms [43]. It is established that women with infertility have an
increased risk of depression and anxiety [44–47]. By identifying and treating women with
infertility who also screen positive for OSA, we have the opportunity to improve mood
symptoms in this population.

The association between PCOS and screening positive for OSA in our population was
not surprising. In a recent meta-analysis, reproductive aged women with PCOS had a
pooled prevalence of OSA of 32% (95% CI 13–55%; 8 studies), and were 9.7 times more
likely to have OSA than women without PCOS (95% CI: 2.76–34.41); however, not all
studies controlled for BMI [48].

In our population, all women who screened positive for sleep apnea had a
BMI > 35 kg/m2, raising the question as to whether OSA screening should be targeted
to the obese population. Interestingly, we found that if screening was thus limited, we
would have missed two-thirds of women with a sleep-related symptom such as snoring
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and two-thirds of women with anxiety symptoms. Thus, although we would encourage
screening all women with infertility for sleep apnea, the clear link between obesity and
sleep apnea cannot be ignored. Studies demonstrate that overweight/obesity negatively
impacts fertility with an increased time to conception, increased rates of anovulation, and
decreased responsiveness to ovulation induction medication [49]. Although the effective-
ness of lifestyle (LS) interventions prior to fertility treatment in the general population is
mixed [50,51], overweight/obese women with PCOS may have a potential fertility benefit
of weight loss prior to using oral ovulation induction medications [52,53]. In addition,
weight loss in women seeking pregnancy is also recommended to decrease risks of maternal
and fetal complications during pregnancy [49]. Our study highlights that increased risk of
sleep apnea in women with obesity seeking pregnancy should also be considered when
counselling women on weight loss.

This study has several strengths including the addition of depression/anxiety screen-
ing, which was not included in the previous study evaluating OSA prevalence in women
with infertility. However, this study and the questionnaires have several limitations. STOP-
BANG serves primarily as a clinical instrument to screen for OSA with positive screens
requiring additional confirmatory testing with polysomnography. Second, risk of OSA
increases with age and it is more common in men compared to women, thus most screening
tools are biased towards detection of OSA in older men. In our study, we only evaluated
young women but still used the conventional cut-off of ≥ 3 to indicate a screen-positive.
However, out of the eight questions in the STOP-BANG questionnaire, three are automati-
cally negative or unknown for young reproductive-aged women: (1) “Are you male?”, (2)
“Are you older than 50 years?”, and (3) “Is your neck circumference greater than 40 cm?”—
often unknown in women in contrast to men who may know their neck circumference to
aid in dress shirt sizing. Although the questionnaire successfully accounts for the male
predominance of OSA, it oversimplifies the disease gender discrepancies, thus potentially
under-diagnosing and under-treating OSA in women during the early stage of the dis-
ease. More studies are needed to determine if women who have a sleep related symptom
(over 40% of our population) have sleep study-diagnosed OSA or any adverse pregnancy
outcomes.

4. Materials and Methods
4.1. Study Design

We conducted a cross-sectional study at Generations Fertility Care, the reproductive
endocrinology clinic associated with the University of Wisconsin, Madison. All female
patients attending a new patient fertility evaluation or a return patient follow-up visit
between March–April 2021 were included. There were no exclusion criteria. This study was
granted exemption from review by the UW-Madison Institutional Review Board Committee
as a quality improvement project.

4.2. Questionnaires

The STOP-BANG questionnaire is a validated questionnaire to screen for OSA consist-
ing of eight questions asking about loud snoring, daytime fatigue, witnessed apneas, history
of hypertension, age more than 50 years, BMI more than 35 kg/m2, neck circumference
more than 40 cm, and male gender [54]. Neck circumference was not routinely measured as
many visits were conducted via telemedicine. Screening positive for intermediate-high OSA
risk status was determined by patients answering “yes” to three or more of the questions.

Due to the known relationship of mood disorders with both infertility and OSA,
PHQ-2 and GAD-7 were used to screen for depressive and anxiety symptoms, respectively.
PHQ-2 scores greater than or equal to three were considered a positive depression screen.
GAD-7 scores between 1–4 were considered “minimal anxiety,” scores 5–9 “mild anxiety,”
scores 10–14 “moderate anxiety,” and scores greater than 15 “severe anxiety”.

In March 2021, our clinic started an initiative to screen all patients for sleep apnea,
depression, and anxiety as part of routine clinical care. STOP-BANG, PHQ-2, and GAD-7



Women 2022, 2 61

data were collected through a paper questionnaire that was completed by the patient
prior to their appointment. These specific screening tools were chosen to standardize our
questionnaires with those of other departments at our institution including Sleep Medicine.
Patients were also asked to record their height and weight and whether they had a history of
previously diagnosed OSA, depression, or anxiety. Additional demographical information
including age, race, marital status, history of PCOS, and hypertension were collected by
chart review.

4.3. Analysis

Routine descriptive statistics were used. Categorical variables were compared using
Chi2 or Fishers exact testing. Continuous variables were compared using t-test or Wilcoxon
rank sum as appropriate and presented as mean (standard deviation (SD)) or median (IQR
(interquartile range)).

5. Conclusions

This study reports that in an academic fertility clinic, eight percent of women screened
positive for obstructive sleep apnea. These women were also at increased risk for screening
positive for depression and anxiety. Given the association between OSA and adverse preg-
nancy outcomes including fetal growth restriction, hypertensive disorders of pregnancy,
and gestational diabetes mellitus, our results underline the need to screen women seeking
fertility treatment.
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