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Abstract

Background: Pregnancy is a risk factor for sleep disordered breathing, including obstructive sleep apnea
(OSA). Progesterone, one of the key hormones in pregnancy, a known respiratory drive stimulant, increases
ventilation and may protect against OSA. We aimed to examine the relationship between circulating proges-
terone and OSA, after accounting for body weight and gestational age.
Methods: A case control study was conducted of pregnant women with OSA and those at low risk for the
disorder. Cases were identified by ICD-9 code and review of medical record. Controls were identified if they
scored zero (never) for snoring, apnea, and gasping on the multivariable apnea prediction index questionnaire
immediately following delivery. Subjects with available stored first and/or second trimester residual serum
samples were then included in this study and serum analyzed for progesterone. Raw progesterone levels were
adjusted for the effects of gestational age and maternal weight.
Results: Twenty-seven cases and 64 controls with available serum were identified. Women with OSA had
greater maternal weight and higher rates of related comorbidities, compared to controls. Progesterone levels
correlated positively with gestational age and negatively with greater weight. Progesterone levels, adjusted for
gestational age and maternal weight and expressed as multiples of median (MoM), were significantly lower in
OSA cases compared to controls in both the first trimester (MoM = 0.71, confidence interval [95% CI] 0.60–
0.83) relative to the MoM in controls of 1.00. In the second trimester levels were also lower in OSA cases
(MoM = 0.84, 95% CI 0.73–0.96) compared to the MoM of 1.00 in controls.
Conclusions: Progesterone levels, after accounting for weight and gestational age, were lower in women with
OSA than controls. Progesterone may play a protective role against OSA.
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Introduction

Obstructive sleep apnea (OSA) is a sleep related
breathing disorder in which the upper airway is re-

peatedly obstructed during sleep. OSA is characterized by
various degrees of airflow limitation, intermittent hypox-
emia, and repeated arousals. Sleep disordered breathing, a
spectrum of disorders that encompasses snoring, OSA, and

other disorders, is more prevalent in pregnant than in non-
pregnant women (35% vs. 9%).1,2 Several factors associated
with physiologic changes of pregnancy may contribute to this
higher prevalence. Nasal congestion,3 reduction in upper
airway size,4 more advanced Mallampati scores,5 and de-
creased functional residual capacity6 are all factors that
may contribute to the de novo development or worsening
of preexisting sleep disordered breathing. Sleep disordered
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breathing, including OSA, is associated with an elevated risk
of adverse pregnancy outcomes such as gestational hyper-
tensive disorders and gestational diabetes, possibly leading to
adverse neonatal outcomes such as intrauterine growth re-
striction and premature delivery.7–10

Progesterone is a crucial reproductive hormone in preg-
nancy with levels reaching 6- to 8-fold preconception levels
due to placental contribution in its secretion.11 It is also a key
factor in stimulating ventilation at the level of the central
chemoreceptors on the ventrolateral surface of the medulla,12

leading to increased minute ventilation, decreased end-tidal
carbon dioxide, and lowered upper airway resistance.13,14 As
such, it is possible that progesterone may play a protective
role against sleep disordered breathing.1 There are multi-
ple proposed mechanisms by which increased progesterone
levels may inhibit the development of sleep disordered
breathing. Ventilatory drive stimulation and increased min-
ute ventilation may be one of the protective mechanisms.15

Furthermore, progesterone enhances the responsiveness of
the upper airway dilator muscles to chemical stimuli during
sleep, reducing upper airway resistance.16,17 Though in-
creased progesterone levels create a state of respiratory al-
kalosis that may theoretically favor central apneas, we
recently demonstrated that pregnant women were unlikely to
be diagnosed with central sleep apnea compared to matched
nonpregnant controls.18

Studies involving exogenous administration of progester-
one directly suggest a protective role of progesterone on
breathing control and the prevalence of obstructive events. In
postmenopausal women with chronic hypercapnic respira-
tory and partial airway obstruction during sleep, adminis-
tration of medroxyprogesterone has been associated with
improved carbon dioxide levels.19,20

Given this potential protective role, we hypothesized that
OSA status would impact levels of progesterone in preg-
nancy. The main aims of this study were to examine the
relationship between progesterone levels and body mass in-
dex (BMI) and assess the association between OSA status and
progesterone levels.

Materials and Methods

This is a case control study aimed at evaluating proges-
terone levels in women with OSA and low risk controls that
were enrolled at two large teaching hospitals. The study was
approved by the Institutional Review Boards for Human
Studies at Women and Infants Hospital of Rhode Island and
Rhode Island Hospital in Providence, RI, as a collaborative
project, IRB No. 254193, approved on August 11, 2011.

Identification of pregnant women with OSA

Women with OSA (cases) were identified by a review of
ICD-9 codes for OSA and delivery between 2003 and 2013.
Individual medical records were reviewed to confirm a di-
agnosis of OSA (i.e., positive polysomnography report or
documentation of an outpatient continuous positive airways
pressure [CPAP] prescription for sleep apnea). Given the
limited documentation regarding details of OSA diagnosis
and treatment in the available obstetric medical records on
retrospective review, an accurate timing of OSA diagnosis
in relation to timing of pregnancy (diagnosis preceding or

during pregnancy) could not be determined. Apnea hypopnea
index (AHI) is defined as the number of apneas and hy-
popneas per hour of sleep. AHI ‡5 events per hour was
considered abnormal. Disease severity was defined as mild
(AHI 5–15), moderate (15–30), and severe (>30). Partici-
pants with multiple gestation pregnancies were excluded
from this study. Of the women meeting these criteria, 27
(48%) also had sufficient first and/or second trimester resid-
ual serum samples for progesterone testing.

Identification of pregnant controls

At delivery, a convenience sample of English-speaking
women was screened for sleep disordered breathing by
trained study personnel. Survey was conducted between 2007
and 2009. Informed consent was obtained from all partici-
pants and detailed methods of this survey-based screening
test have been published.7,21 Briefly, women were asked to
rate the frequency of three symptoms (snoring, gasping, and
witnessed apneas) over their last 3 months of pregnancy in
the following categories: never (scored 0), rarely (1), some-
times (2), often (3), and always (4).22 Of the 321 patients who
scored 0 for all three symptoms, 64 (20%) had available first
and/or second trimester residual serum and were considered
controls. Given that sleep disordered breathing symptoms
worsen rather than improve during the course of pregnancy23

women who denied symptoms in late pregnancy per ques-
tionnaire were also unlikely to have had symptoms earlier in
pregnancy—at the time of sampling for progesterone—and
thus were considered to be adequate controls. Similarly to
cases, participants with multiple gestation pregnancies were
excluded from this study. The same source population was
used for controls as for cases, and controls were pro-
portionally sourced from the same two large teaching hos-
pitals as cases.

Laboratory testing

Serum samples were originally drawn for Down syndrome
screening in the first and/or second trimester of pregnancy.
First trimester stored serum samples were collected between
days 71 and 98 of gestation (10–13 completed weeks), while
second trimester samples were collected between days 105
and 159 (15–22 completed weeks).

Residual first and second trimester serum samples from
case and control subjects were retrieved from -20�C freezer
storage, thawed, and tested. Progesterone levels were deter-
mined using an automated immunoassay (Immulite 2000
Siemens, Los Angeles CA). Progesterone coefficient of var-
iance was 5% at 19.7 ng/mL. Maternal weight for both cases
and controls was provided by one-time provider report at the
initial time of sample collection. Height was obtained from
the medical record.

Statistical analysis

Descriptive statistical analysis, including mean, median,
standard deviation, and range, was performed using SAS
version 9.2 (SAS Institute, Cary, NC). Categorical variables
were compared between cases and controls using two-tailed
Fisher’s exact test and reported as count and percent. Con-
tinuous variables were compared between cases and con-
trols using the Student’s t-test and reported as mean and
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standard deviation. Progesterone measurements were re-
ported as multiples of the median (MoM) to account for
gestational age and maternal weight. The use of MoM
(multiple of the median) was first described in 1977 by Wald
et al.24 and is currently the standard for reporting prenatal
screening tests. MoM is a measure of how far an individual
value deviates from the median value obtained in a control,
reference population. Given the dynamic nature of screening
markers results in pregnancy, variation in analytical perfor-
mance of immunoassays used for testing, and specific pop-
ulation characteristics, an individual’s test result may vary
widely; hence MoM can normalize an individual test by
comparing it to a representative population’s median value.
Therefore, a patient’s MoM would then be reported as patient
result/population median. A single set of log-linear medians
was fitted to the combined first and second trimester data for
controls. The progesterone values were converted to MoM
levels by dividing by the expected median value for a given
gestational age. These MoM levels were then regressed
against maternal weight and a reciprocal model fitted.25 All
progesterone values, including those from cases, were then
converted to gestational age and maternal weight adjusted
MoM levels. The Wilcoxon rank sum test was used to report
significant differences between levels of hormones between
OSA cases and controls. BMI values were divided in cate-
gories according to data from the National Health and Nu-
trition Examination Survey to identify women, but they were
analyzed as a continuous variable. Correlation of progester-
one and BMI was examined using the Pearson correlation
test. Data were not adjusted for the effect of CPAP therapy as
records from the obstetric hospital were inconsistent in the
documentation of CPAP prescription along with duration or
adequacy of therapy.

Results

Patient characteristics

A total of 27 pregnant women with confirmed OSA and 64
pregnant controls were identified with available residual se-
rum. Table 1 lists selected maternal and pregnancy outcome
characteristics of women included in the study. Women with
OSA had significantly higher BMI ( p < 0.001), and sig-
nificantly higher rates of gestational diabetes ( p < 0.001),
preeclampsia ( p = 0.0025), pregestational type 2 diabetes
( p = 0.0016), and chronic hypertension ( p < 0.001), as com-
pared to controls. Gestational age at delivery was significantly
lower in OSA cases as compared to controls ( p = 0.012).

Women with no available serum sample were compared to
women with available serum samples who were included in
the study for demographics and comorbidities and pregnancy
outcomes. There were no significant differences observed in
age, weight, and BMI at sampling, history of pregestational
diabetes and chronic hypertension, development of gestational
diabetes or hypertension during the index pregnancy, and ges-
tational age at delivery and mean birthweight. There were no
significant differences in any of these variables between the two
groups suggesting minimal selection bias (Data not shown.)

Raw progesterone levels

Raw progesterone values documented in this study fell
within the expected population progesterone norms. In the
first trimester, the average raw progesterone value in our
study across all subjects was 21.6 ng/mL, with a reference
range of 9–33 ng/mL. In the second trimester, the average
raw progesterone value across all subjects was 33 ng/mLwith
a reference range of 29–50 ng/mL.

Table 1. Characteristics of Enrolled Women and Their Pregnancy, Stratified

by Presence (Cases) or Absence (Controls) of Obstructive Sleep Apnea

Characteristic Cases Controls p

Number of women 27 64
Mean age in years (SD) 29.7 (6.2) 27.6 (6.4) 0.15
Parity

Primiparous, n (%) 11 (41) 24 (38) 0.82
Multiparous, n (%) 16 (59) 40 (63)

Mean BMI (kg/m2) at sampling (SD) 41.4 (8.9) 25.9 (5.6) <0.001
Missing data for 2 control subjects, N = 62
Mean weight in Kg at sampling (SD) 113 (28) 69.1 (14) <0.001
Mean gestational age at sampling (SD)

First trimester, n, mean (SD) 20, 12.0 (1.0) 44, 11.9 (1.0) 0.92
Second trimester, n, mean (SD) 26, 17.5 (1.9) 59, 17.3 (1.7) 0.62

Gestational diabetes, n (%) 10 (37) 3 (5) <0.001
Pregestational diabetes type II, n (%) 5 (19) 0 (0) 0.0016
Chronic hypertension, n (%) 13 (48) 0 (0) <0.001
Preeclampsia, n (%) 6 (22) 1 (1.6) 0.0025
Maternal race

Black, n (%) 2 (7) 10 (15) 0.50
Non-Black, n (%) 25 (93) 54 (84)

Mean gestational age at delivery (SD) 36.8 (3.6) 39.1 (1.1) 0.012
Mean birthweight in grams (SD) 3644 (887) 3379 (458) 0.33
Missing data for 4 case subjects, N = 23

Birthweight <2500 g, n (%) 4 (17) 1 (1.6) 0.0162
Birthweight >4500 g, n (%) 2 (8) 1 (1.6) 0.17

BMI, body mass index; SD, standard deviation.
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Conversion of progesterone levels to weight
adjusted multiples of the median

To examine the relationship of progesterone levels and
gestational age and maternal weight, progesterone levels
from control pregnancies were plotted. Progesterone levels in
the 64 control pregnancies showed the expected positive
association with gestational age (Fig. 1A). Linear regression
was used to estimate the median levels, after a logarithm
transformation of progesterone results. The resulting day-
specific regression equation was then used to transform the
results in mass units to MoM. These progesterone MoM
levels were then regressed against maternal weight (Fig. 1B).
Progesterone MoM adjusted for gestational age was nega-
tively associated with maternal weight, with heavier women
having lower gestational age-adjusted progesterone. In two
women, the maternal weight was missing and no weight
adjustment was possible. Using the expected gestational age
and maternal weight-specific medians computed in controls,
progesterone results in cases were also converted to weight-
adjusted MoM levels. The resulting MoM levels in all study
subjects were then divided by 0.93 (the observed weight
adjusted MoM in all control results), so that the overall me-
dian MoM in control pregnancies was exactly 1.00.

Progesterone levels and OSA status

Progesterone levels were significantly lower in OSA cases
than in controls across both trimesters. In the first trimester,
the median progesterone MoM level in cases was 0.71 MoM
(confidence interval [95% CI] 0.60–0.83, p < 0.001), relative
to the MoM in controls of 1.00. In the second trimester, the
median progesterone MoM level in cases was 0.84 MoM
(95% CI 0.73–0.96, p = 0.001). Figure 2 shows the gestational
age and maternal weight adjusted progesterone results ex-
pressed in MoM in cases and controls in both the first and
second trimesters of pregnancy.

Discussion

To our knowledge, this is the first study to evaluate the
relationship between progesterone and OSA status during
pregnancy, with consideration of gestational age at sample
collection and maternal weight. We found a positive

FIG. 1. Association of progesterone level with gestational age and maternal weight in 64 control women. (A) Raw
progesterone levels in mass units in control women are shown on a logarithmic vertical axis with gestational age shown on
the horizontal axis. (B) Progesterone MoM (adjusted for gestational age) in control women are shown on a logarithmic
vertical axis with maternal weight shown on the horizontal axis. MoM, multiples of the median.

FIG. 2. Adjusted progesterone levels in women with and
without obstructive sleep apnea, stratified by trimester of
pregnancy. The gestational age and weight-corrected proges-
terone levels, expressed as MoM, are shown on the vertical axis.
Samples associated with women diagnosed with sleep apnea are
shown as filled circles while levels in control women are shown
as open circles. The left side shows levels in the first trimester,
while the right side shows levels in the second trimester.
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correlation of progesterone with gestational age, as expected,
and a negative correlation with maternal weight. Convention
in prenatal screening is to express maternal serum markers as
MoM to account for gestational age and weight effects, as for
example, when discussing alpha-fetoprotein, human chor-
ionic gonadotropin, and unconjugated estriol26; however, this
has not been the case for earlier studies of progesterone and
sleep disordered breathing research. Expressing progesterone
as MoM in accordance with convention for other maternal
serum markers, as performed in this study, should be strongly
considered for future clinical use and analysis, since inter-
pretation of progesterone as raw, unadjusted values may not
provide an accurate assessment of adequate progesterone
secretion.

Progesterone levels remain a valuable way to assess
pregnancy health, as deficiency may play a role in specific
pathologies such as recurrent pregnancy loss.27 In current
clinical practice, progesterone levels are interpreted as raw
values, and patient characteristics such as gestational age and
maternal weight are not factored into the interpretation. In
this study, we have confirmed the expected increase in pro-
gesterone levels with increasing gestational age. We have
also demonstrated that higher weight in pregnant women is,
in general, associated with lower progesterone levels and vice
versa. This negative correlation may be due to a simple di-
lution from the larger blood volume of heavier women, as is
routinely observed for Down syndrome screening markers. In
prenatal screening for Down syndrome and open neural tube
defects, adjusting levels of maternal serum markers by cov-
ariates such as maternal weight has been shown to improve
screening performance.28 We have controlled for weight in
this study by using linear regression.

As hypothesized, our study has shown significantly lower
progesterone levels in women with OSA compared to con-
trols. Our progesterone MoM of 0.71 for cases in the first
trimester indicates that progesterone levels in women with
OSA are 29% lower than matched controls during this period.
Similarly, a progesterone MoM of 0.84 in the second tri-
mester indicates that levels in women with OSA are 16%
lower than matched controls during this time. These findings
suggest that women with higher levels of progesterone may
be protected against OSA. As lower progesterone levels are
associated with heavier weight, it is possible that lower
progesterone levels may in part mediate the association be-
tween obesity and OSA in pregnancy. However, progester-
one levels remained lower in women with OSA even after
correction for maternal weight.

We cannot discount the possibility that OSA may have im-
pacted placental secretion of progesterone. This putative effect
may occur via oxidative stress, sympathetic stimulation, or in-
flammation. Our previous work showed that women with OSA
had alterations in placental secretory function evidenced by
altered pregnancy associated plasma protein A and estriol levels
as compared to low risk controls.29,30 We have also demon-
strated evidence of fetal normoblastemia—a marker of chronic
hypoxia on placental histopathology—and cellular hypoxia
evidenced by altered carbonic anhydrase IX in placentas of
women with OSA.31 It is therefore possible that reduced pro-
gesterone occurs in response to placental damage from OSA,
rather than, or in addition to having a causative effect.

As it was difficult to ascertain the timing of OSA devel-
opment in relation to pregnancy in our cohort, our data cannot

determine a temporal relationship between OSA and pro-
gesterone secretion to help address the question of causality.
The association of OSA and progesterone levels may also
differ depending on the timing of OSA development and
diagnosis in relation to pregnancy. We did, however, find a
somewhat larger effect in the first compared to the second
trimester. Additional studies are needed to confirm this
finding, especially since only a single sample was evaluated
in each trimester. Other possible confounding variables of
progesterone secretion, such as circadian rhythm, pulsatile
secretion, and metabolic clearance could be addressed with
multiple samples from each subject within a trimester. While
progesterone levels have not appeared to follow consistent
circadian patterns, levels may fluctuate with pulsatile secre-
tion and decrease after meals.32–34 Lastly, our data are
complicated by the fact that meaningful data on continuous
airway pressure therapy use, duration, or compliance could
not be reliably ascertained by a review of the obstetrical
medical record among our subjects due to poor documenta-
tion, prohibiting any useful analysis of the effect of therapy
on the described association. However, in this study, CPAP
prescription among OSA cases may have perhaps led to a
reduction in effect size and ultimately an underestimation of
study results.

This study was limited by the use of stored convenience
samples. Hence, only a limited subset of subjects had residual
serum samples available for progesterone testing and inclu-
sion in this study (48% of subjects with confirmed OSA di-
agnosis and 20% of controls had residual samples for testing).
Given the large proportion of controls excluded from this
study, selection bias in determining the study control group in
particular is possible. However, comparison of included
controls with available residual serum and excluded con-
trols without available residual serum shows overall similar
maternal demographics, comorbidities, and similar maternal
and neonatal outcomes. Additionally, our control subjects at
low risk for OSA originated from a convenience sample
screened by questionnaires rather than polysomnography, due
to lack of funding to perform polysomnography on asymp-
tomatic women. Therefore, it is possible that a small number of
control subjects could have had undiagnosed OSA not picked
up by the multivariable apnea prediction index survey. If
present, this would lead to a reduced estimate of the effect size.

Conclusions

Our study demonstrated a positive association of proges-
terone levels with gestational age through the first and second
trimesters and a negative correlation between progesterone
levels and maternal weight. In addition, lower progesterone
levels in women with OSA, after accounting for gestational
age and maternal weight, may suggest a protective role of this
hormone against OSA.

Ultimately, the relationship between low progesterone
levels and OSA is important to confirm, as progesterone may
serve as an inexpensive method to identify pregnant women
at higher risk of OSA and may be used in conjunction with
other clinical predictors to triage women for diagnostic
testing. In addition, as exogenous progesterone supplemen-
tation has been shown to improve upper airway obstruction
during sleep and lower carbon dioxide levels by improving
ventilation in the nonpregnant population, this therapy could
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also be evaluated in pregnancy. The use of such therapy
would be simplified by the already approved use of proges-
terone in women with a history of preterm labor. Other future
research may expand the focus to other hormones with a
potential to impact respiratory control and upper airway ob-
struction, such as leptin.35,36
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