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Abstract

Objective—This study aimed to prospectively examine the impact of chronic vs. pregnancy-
onset habitual snoring on gestational hypertension, pre-eclampsia, and gestational diabetes.

Study Design—Third trimester pregnant women were recruited from a large, tertiary medical
center, between March 2007 and December 2010 and screened for the presence and duration of
habitual snoring, as a known marker for sleep-disordered breathing. Clinical diagnoses of
gestational hypertension, pre-eclampsia, and gestational diabetes were obtained.

Results—Of 1,719 pregnant women, 34% reported snoring, with 25% reporting pregnancy-onset
snoring. After adjusting for confounders pregnancy-onset, but not chronic snoring, was
independently associated with gestational hypertension (odds ratio 2.36, 95%CI 1.48-3.77,
p<0.001) and pre-eclampsia (odds ratio 1.59, 95%CI 1.06—2.37 p=0.024) but not gestational
diabetes.

Conclusion—New-onset snoring during pregnancy is a strong risk factor for gestational
hypertension and pre-eclampsia. In view of the significant morbidity and healthcare costs
associated with hypertensive diseases of pregnancy, simple screening of pregnant women may
have clinical utility.
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INTRODUCTION

Sleep-disordered breathing, a spectrum of respiratory abnormalities during sleep ranging
from habitual snoring to obstructive sleep apnea, is common yet often undiagnosed,
especially in women.! Increased weight promotes SDB and, strikingly, a weight gain of only
10% has been associated with a 6-fold increase in the development of significant SDB.2 This
observation is particularly relevant to pregnancy as weight gain >10% occurs in most
women. Habitual snoring, the hallmark symptom of SDB, increases during pregnancy3->
and is particularly common in pre-eclampsia.®

The cardiovascular implications of untreated SDB are substantial and complex. Several
large, population-based studies such as the Sleep Heart Health Study and the Wisconsin
Sleep Cohort Study have provided clear evidence for an independent association between
SDB and cardiovascular disease, particularly hypertension and metabolic dysfunction.’11
The Nurses Health Study found that snoring increased the risk of incident hypertension
independent of age or body mass index (BMI).12 The mechanisms linking SDB and
cardiovascular disease are likely multifactorial, involving sympathetic over-activity,
inflammation, and endothelial dysfunction.

Hypertensive disorders of pregnancy are a leading cause of maternal and infant morbidity3
and cost billions of dollars annually to treat. An emerging literature of cross-sectional
studies support an association between sleep-disordered breathing and hypertension during
pregnancy.® 14-17 The association between SDB and hypertension is particularly relevant
during pregnancy as such morbidities jeopardize the health of mother and fetus, with major
public health impact. Furthermore, new onset SDB during pregnancy conceivably could
have health ramifications that exceed those of chronic SDB, to which cardiovascular
systems might have time to adapt. An improved understanding of some vulnerabilities
unique to pregnancy may offer opportunities to improve the health of both mothers and
infants.

The goals of this study were to determine the prevalence and incidence of snoring during
pregnancy and to examine associations with maternal health. We hypothesized that snoring,
and especially pregnancy-onset rather than chronic snoring, would be associated with
gestational hypertension, pre-eclampsia, and gestational diabetes.

METHODS

In this prospective study pregnant women were recruited from prenatal clinics within the
University of Michigan between March 2007 and December 2010. Women were eligible if
they were >18 years old and =28 weeks pregnant with a single fetus. There were no other
exclusion criteria. Written informed consent was obtained to access medical records. A
comparison group of non-pregnant control women was recruited from women aged 18-45
years attending routine gynecology visits. This study was approved by the University of
Michigan Institutional Review Board.

Pregnant women completed a questionnaire about the presence of habitual snoring and
whether they had “stopped breathing or gasped for air” (Appendix 1). They were also asked
whether a bed-partner had complained. Habitual snoring was defined as snoring at least 3—4
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times per week.18: 19 Similarly witnessed apneas were considered present if women
“stopped breathing or gasped for air” at least 3—4 times per week. Enquiry was made about
the timing of snoring to identify incident cases. Pregnancy-onset snoring was considered
present when habitual snoring began during pregnancy. Chronic snoring was defined as
habitual snoring both before and during pregnancy. A single question item about snoring
was chosen instead of a multi-item SDB questionnaire for several reasons: a single question
is strongly and reliably associated with the overnight polysomnogram (PSG)-derived apnea/
hypopnea index (AHI, number of apneic events per hour of sleep);8 20 in women a report of
“often” or “usually (always or almost always)” snoring is associated with PSG-confirmed
SDB with respective odds ratios of 3.8 and 16.3;20 its use provides an approach easily and
immediately translated into clinical settings; no study has failed to associate snoring with
objective measures of SDB from a PSG; validation of complex SDB screening tools in
pregnancy has not been performed; most SDB scales emphasize weight, which in pregnancy
will be necessarily high; and several scales rely on gender or hypertensive status, the major
outcome in the current study. Non-pregnant women completed the same screening tools,
with the exception of symptoms in relation to pregnancy. Pregnant women received a $10
gift card for participating.

Pre-pregnancy BMI was calculated from maternal self-report of height and weight just prior
to conception and cross-checked with documented BMI from the initial obstetric visit in the
first trimester. Serial weights throughout the pregnancy were obtained from clinical visits
and, following delivery, the total amount of weight gain was calculated. Key variables
abstracted from medical records included demographics, previous or family history of
gestational hypertension or pre-eclampsia, smoking status, and the presence of a diagnosis
of chronic hypertension, gestational hypertension, pre-eclampsia, or gestational diabetes.
The latter diagnoses were obtained from medical coding using the International
Classification of Diseases, 9th edition (ICD-9).21 In reporting this study, guidelines from
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) group??
were followed.

Sample size was calculated based on literature available at the time of study design. We
predicted the frequency of snoring as 4% in non-pregnant women and 25% in pregnant
women.> 8:23 With a sample size =1,400 pregnant women and 200 controls there would be
a power of almost 100% to detect this difference with a 2-tailed significance level of 5%. If
the frequency of snoring in non-pregnant women was 16% and that in pregnant women
remained at 25%, the targeted sample sizes would provide 82% power to detect a difference.
We anticipated that approximately 4% of women without snoring would develop
hypertension compared to 10% of women with snoring.? Thus a test for equal frequency of
hypertension based on this study (test for equality of binomial proportions) would have
power of over 95%. We planned to recruit unequal group sizes because the non-pregnant
controls would serve only as a comparison for frequency of snoring.

As BMI is strongly associated with SDB, and BMI changes across pregnancy, pre-
pregnancy or early first trimester BMI was categorized according to Institute of Medicine
(I0M) recommendations.2* Subjects were classified as underweight (BMI<18.5kg/m?);
normal weight (BMI 18.5-24.9kg/m?); overweight (BMI 25.0-29.9kg/m?); or obese (BMI
>30.0kg/m?). Absolute weight gain was determined and subjects were classified according
to whether they exceeded the IOM recommendations for gestational weight gain; 28—-40lbs
for underweight women, 25-35Ibs for normal weight women, 15-25Ibs for overweight
women, and 11-201bs for obese women.
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All data obtained were double-entered into a database to ensure accuracy and analyzed with
SPSS (version 18.0, Chicago, IL). Histograms, box-plots, and descriptive methods were
used to examine data for errors and outliers. Between-group comparisons of continuous
variables (maternal age, BMI, and gestational age) were conducted with t-tests (snoring vs.
no snoring) and ANOVA (chronic snoring, pregnancy-onset snoring, and no snoring).
Dichotomized variables were compared with Chi-Squared tests. Logistic regression was
used to determine associations between snoring and maternal outcomes after adjusting for
potential covariates (maternal age, race, pre-pregnancy BMI, weight gain in excess of IOM
recommendations, gravidity, smoking, educational level, previous or family history of
gestational hypertension/pre-eclampsia). Odds ratios (OR) and 95% Confidence Intervals
(CI) were calculated. A p-value <0.05 was considered statistically significant. Population
attributable risk percent (PAR%) was calculated; this represents the proportion of disease
(hypertension/pre-eclampsia) among the total population that would not have occurred in the
absence of exposure (snoring), assuming that the exposure contributes in a causal manner to
the disease. The following formula was used:

PAR%:(InCidencetotal _ population _InCidenceunexposed)/InCidencetotal_ population

In total, 2,038 pregnant women were invited to participate; 1,719 (84%) agreed to complete
the surveys, 98% of whom consented to medical record access. There were no differences in
maternal age, gestational age, parity, or BMI between women who did or did not participate
or who did/did not consent to medical record access (data not shown). Five women were
subsequently excluded because they were <28 weeks’ gestation and two women were
excluded because they were <18 years. In addition, 9 women moved out of the area before
delivery. Thus, the total sample was 1,712 for prevalence data and 1,673 for pregnancy
outcomes (Figure 1). In total, 202 non-pregnant women were enrolled. Overall, 94% of
women had bed partners; only 2% of partners complained about snoring when women
classified themselves as non-snorers. This did not alter the association with outcomes and
thus the analyses were performed with maternal self-report only.

Table 1 shows population demographics. Pregnant women were more than twice as likely as
controls to snore: 34.1% vs. 14-9%, p<0.0001.

Overall, 34.1% of third-trimester women reported snoring; 66% were non-snorers at both
pre-pregnancy and in the 3rd trimester, 25% started snoring during pregnancy, and 9%
reported chronic snoring (Table 2). Snorers in general, as well as those with pregnancy-onset
snoring specifically, were more likely to have chronic hypertension, gestational
hypertension, and pre-eclampsia, than non-snorers. In contrast, although snorers were more
likely to have gestational diabetes compared to non-snorers, further analysis revealed that it
was the chronic, not pregnancy-onset, snorers who appeared to drive this relationship.

In unadjusted analyses, pregnancy-onset, but not chronic, snoring was independently
associated with gestational hypertension; OR 2.57, 95%CI 1.69-3.53, p<0.001, and pre-
eclampsia; OR 1.71, 95%CI 1.20-2.44, p=0.003. There was no relationship with pregnancy-
onset snoring and gestational diabetes; OR 1.29, 95%CI 0.96-1.74, p=0.09. However,
chronic snoring was associated with gestational diabetes; OR 1.67, 95%Cl 1.10-2.52,
p=0.015.

A logistic regression model that controlled for potential covariates (maternal age, race, pre-
pregnancy BMI, weight gain in excess of IOM recommendations, gravidity, smoking,
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education level, previous or family history of gestational hypertension or pre-eclampsia)
showed that pregnancy-onset, but not chronic, snoring was independently associated with
gestational hypertension, OR 2.36, 95%CI 1.48-3.77, p<0.001. In this model exceeding the
IOM weight gain guidelines, but not pre-pregnancy BMI, was also independently associated
with gestational hypertension; OR 2.68, 95%CI 1.72-4.18, p<0.001. Table 3a.

Similarly, in a logistic regression model controlling for the same covariates and including
chronic hypertension and gestational diabetes, pregnancy-onset — but not chronic - snoring
was independently associated with pre-eclampsia; OR 1.59, 95%CI 1.06-2.37; p=0.024;
Table 3b. No interactions were found between snoring and pre-pregnancy BMI for
gestational hypertension or pre-eclampsia. Similarly, no interactions were found between
snoring and weight gain in excess of IOM recommendations.

Blood glucose levels at the 24-26 week gestation 1-hour oral glucose tolerance test using a
50gram load were higher in snorers compared to non-snorers;124.0mg/dl vs. 117.2mg/dl,
p<0.001, as was the proportion of women with abnormal glucose levels, defined as =2140mg/
dl; 30.2% vs. 22.1%, p=0.003. Glucose levels were not compared between women with and
without pregnancy-onset snoring, as glucose was assessed in the second trimester. Neither
pregnancy-onset nor chronic snoring was found to be associated with gestational diabetes in
a multivariate model; however pre-pregnancy BMI and maternal age were associated (Table
3c).

Figure 2 graphically depicts the OR of pre-pregnancy obesity (BMI = 30) and/or snoring in
separate models for gestational hypertension, pre-eclampsia, and gestational diabetes after
adjusting for covariates that were shown in Table 3 to be associated with the outcome of
interest. For illustrative purposes data are shown as snorers (pregnancy-onset and chronic
snoring) vs. non-snorers. Four groups are represented: lean, non-snorer (BM1<25kg/m?, the
reference group, n=689); lean snorer (h=195); obese, non-snorer, (h=189); and obese snorer
(n=217). Compared to lean, non-snorers, both lean and obese snorers had significantly
increased ORs for gestational hypertension: lean snorers OR 2.82, 95%CI 1.42-5.59,
p=0.003, and obese snorers OR 2.39, 95%CI 1.22-4.71, p=0.012. Obese non-snorers were
not at increased risk of gestational hypertension, OR 1.74, 95%CI 0.81-3.5, p=0.15. Figure
2A.

Compared to lean non-snorers, only obese snorers had increased risk for pre-eclampsia; OR
1.58, 95%CI 1.01-2.78 p=0.05; Figure 2B. Conversely, only obese women, regardless of
snoring status, had increased risk for gestational diabetes; OR 2.31, 95%CI 1.01-5.36,
p=0.05 for obese non-snorers and OR 4.12, 95%CI 1.78-9.52, p=0.001 for obese snorers;
Figure 2C.

If snoring plays a causative role in hypertension, then the PAR% suggests that 15.0% of
gestational hypertension and 14.4% of pre-eclampsia in this population could be ameliorated
by elimination of snoring. Similarly, 18.7% of gestational hypertension and 11.6% of pre-
eclampsia could be ameliorated by elimination of pregnancy-onset snoring.

A total of 1.2% of women reported witnessed apneas. Snorers (chronic or pregnancy-onset)
were more likely than non-snorers to endorse this; 3.0% vs. 0.4% respectively; p<0.001.
Women with gestational hypertension, pre-eclampsia, or gestational diabetes were no more
likely to report apnea than women without these conditions. However, the total number of
women who reported apnea was small, precluding use of regression models.
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This is the first large, prospective study to demonstrate that pregnancy-onset snoring confers
significant risk to maternal cardiovascular health. These novel findings strongly implicate a
role not only for snoring in general but, more specifically, for pregnancy-onset snoring in
both gestational hypertension and pre-eclampsia. Furthermore, the PAR% suggests that if
snoring plays a causal role in maternal hypertension, approximately 12—-19% of hypertensive
disorders during pregnancy might be ameliorated through treatment of snoring and any
associated SDB. In contrast, the data did not suggest any independent role for snoring in
gestational diabetes.

Notably, weight gain in excess of IOM recommendations, but not pre-pregnancy BMI, was
found to play an independent role in gestational hypertension. Both pre-pregnancy BMI and
excessive weight gain were independent predictors of pre-eclampsia. Although excessive
weight gain is a known risk factor for post-partum weight retention,2" this is the first study
to show its independent relationship to cardiovascular outcomes. This novel finding could
have important implications for clinical care.

Our findings support and extend earlier observations that the frequency of snoring increases
throughout pregnancy, peaks in the third trimester,# and is a risk for

hypertension.14 15. 23, 26, 27 However, none of the previous studies investigated the impact
of incident habitual snoring on maternal outcomes. Previous studies suggest that 14—23% of
pregnant women habitually snore, compared to 4% of non-pregnant women,? 23 although
more recent estimates suggest a considerably higher proportion®1® particularly in pre-
eclampsia.® Potential explanations of the lower frequencies in earlier studies are that only
women attending low risk clinics who had vaginal deliveries were included® and obesity was
relatively infrequent in some populations.>: 23

Intriguing preliminary data suggest that new snoring during pregnancy is associated with
increased erythropoesis and consequently increased levels of nucleated red blood cells in the
umbilical cord.?8 Erythropoesis occurs during periods of hypoxia, and conditions such as
uterine growth restriction and maternal hypertension are associated with elevated counts.?
These findings in combination with our own implicate pregnancy-onset snoring as a
particular concern.

Contrary to recent reports® 30. 31 we did not find that snoring is associated with gestational
diabetes. This discrepancy may be explained in part by different methodologies including
recruitment of postpartum women,® few women with the variable of interest,30: 31 and the
lack of information about pre-pregnancy BMI.1°> Nonetheless, the role of sleep in glucose
control during pregnancy merits further investigation.

Although the pathogenesis of pre-eclampsia is not completely understood, the biological
pathways include endothelial dysfunction, oxidative stress, and inflammation, with obesity
being a major risk factor. The pathogenic process likely originates in the placenta during
early pregnancy with abnormal implantation and vasculature development, leading to
oxidative stress and inflammation with subsequent release of anti-angiogenic factors and
widespread endothelial dysfunction.32 Of note, the mechanisms of sleep disruption that
affect cardiovascular morbidity in non-pregnant individuals are remarkably similar to the
biological pathways for pre-eclampsia, with strong evidence for oxidative stress,
inflammation, sympathetic nervous systemic activation, endothelial dysfunction,
dyslipidemia, and obesity as major factors in the pathophysiology of cardiovascular
morbidity in SDB.33 These shared mechanistic pathways have been reviewed recently.34
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Considering these overlapping risk factors, the finding that pregnancy-onset, but not
chronic, snoring was associated with gestational hypertension and pre-eclampsia may be
surprising. Sleep disruption and the consequent inflammatory cascade in early pregnancy
may interfere with normal placental implantation,3® although this may not completely
explain our findings since the majority of women with pregnancy-onset snoring started in
their second or third trimesters. The possibility remains, however, that preghancy-onset
snoring could exacerbate underlying inflammatory processes and enhance underlying
cardiovascular dysfunction. Another possibility is that fluid shifts36 or inflammation
promotes the appearance of SDB. However, preliminary data show that treatment of SDB
during pregnancy may improve blood pressure,3”: 38 suggesting that SDB is more likely to
contribute to hypertensive disease, rather than result from it or from a third process that
causes both hypertension and SDB.

Key strengths of the present study include the largest sample size to date, prospective
design, high response rate, adjustment for other known risk factors for gestational
hypertension/pre-eclampsia (particularly a previous and family history of these conditions),
and a population pool representative of other major medical centers. The University of
Michigan Health System is the largest of only two in Washtenaw County that provide
maternity services. Therefore, selection bias of a tertiary referral center should be minimal.

Use of symptom-based screening not yet validated against PSG in pregnant women could be
a limitation. However, the major goal was to validate the utility of snoring directly as a
predictor of maternal outcomes. Self-report of snoring is strongly and reliably associated
with the PSG-derived AHI8: 20 and our own data confirm this in pregnancy.3° The present
large-sample focus on snoring is also a strength of the study design as queries about snoring
can be readily adopted in clinical practice for little expense. However, elucidation of
mechanisms that underlie any association between SDB and pregnancy outcomes require
investigation in PSG-studies that allow assessment of whether respiratory effort, airflow
limitation, sleep fragmentation, or gas exchange abnormalities best predict adverse
outcomes and treatment response.

It is possible that some recall bias occurred with regards to snoring duration. Although
information was obtained prospectively, women may have been less aware of their pre-
pregnancy snoring. A further limitation is the temporal relationship between snoring onset
and time of a diagnosis of gestational hypertension, pre-eclampsia, or gestational diabetes.
This study cannot prove the direction of this relationship but clearly suggests an independent
association.

In conclusion, pregnancy-onset rather than chronic snoring is independently associated with
gestational hypertension and pre-eclampsia but not gestational diabetes. Rather than a multi-
item composite SDB screen, two simple questions about snoring and the timing of its
appearance could be an effective strategy in busy clinical settings to assist in identification
of pregnant women at high risk for hypertensive disorders. These findings reinforce the need
for a randomized controlled trial to investigate the impact of treatment interventions on
maternal hypertension.
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n=2038 pregnant women invited to
participate

n=1719 enrolled and completed
surveys

n=319 declined enrolment;

not interested in topic (n=31)
waste of time (n=8)

too busy (n=7)

don’t want to participate in a
research study (n=273)

n=7 subsequently excluded

<28 weeks’ gestation
<18 years old

n= 1712 completed surveys

n=30 refused medical record access
- no interest (n=11)

- did not want anyone accessing

n=9 moved out of the area

n=1673 completed surveys
with medical record access
for diagnoses

Figure 1.
Recruitment flow chart
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A. Odds ratio for gestational hypertension by obesity and snoring status
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B. Odds ratio for pre-eclampsia by obesity and snoring status
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C. Odds ratio for gestational diabetes by obesity and snoring status
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Figure 2.

Adjusted odds ratio, and 95%CI of maternal morbidity by obesity and snoring status
95%CI = 95% Confidence Intervals

A. Odds ratio for gestational hypertension by obesity and snoring status

HS = Habitual Snoring

Odds ratios are adjusted for weight gain in excess of IOM recommendations, gravidity, and
history of gestational hypertension/pre-eclampsia.

B. Odds ratio for pre-eclampsia by obesity and snhoring status

HS = Habitual Snoring

Odds ratios are adjusted for weight gain in excess of IOM recommendations, gravidity, race,
history of gestational hypertension/pre-eclampsia, smoking, chronic hypertension, and
gestational diabetes.

C. Odds ratio for gestational diabetes by obesity and snoring status

HS = Habitual Snoring

Odds ratios are adjusted for pre-pregnancy BMI and education level.
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Table 1

Demographics of Participants

Pregnant Women (n=1,712)  Controls (n=202)

Age (years) 29.745.9 31.2+47.8%
Baseline BMI (kg/m?) 26.5£7.4 253+6.3 "
3'd trimester BMI (kg/m?) 31.2¢7.1 N/A
Racial Background:
Caucasian (%) 70.5% 75.1%
African American (%) 14.8% 14.7%
Asian (%) 7.4% 4.1%
Multi-racial/Other (%) 7.3% 6.1%
Gestational Age (weeks) 34.1+3.7 N/A
Smoker (%) 12.8% 15.0%
Snoring (%) 34.1% 14.9%

Data shown as mean + standard deviation, or proportion as appropriate

*
p<0.05;

*:

ok
p<0.01;

*:

ok
p<0.001

BMI=Body Mass Index
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Table 2

Comparison between preghant women with and without snoring

Page 16

Snoring (n=584)

Chronic Snoring (n=150)

Pregnancy-Onset Snoring (n=434)

Non-Snoring (n=1,128)

Age (years)

Women =35 years (%)
Baseline BMI (kg/m?)
Obese (%)

3'd trimester BMI (kg/m?)

Exceeded IOM weight gain
(%)

Racial Background (%)
Caucasian

African American

Asian

Multi-racial/Other
Educational Level (%):

<12t grade

=12t grade

Some college

4-year college

Postgraduate

Gestational Age (weeks) at
enrollment

Gravidity

Parity

First pregnancy (%)
Smoker (%)

Chronic Hypertension (%)§

Gestational Hypertension
%) $

Pre-eclampsia (%)§

Gestational Diabetes (%)§

30.3¢5.9™
24.6%

29.3+8.6 ™
37.8%
34.046.0 ™

45.1%

71.2%
15.7%

6.7%
6.4%

9.1%
20.9%
25.3% "
35.7%

8.9%
34.4£37%

27417

0.9£1.1

28.8%
16.7% "
16.4% "

9.8% Hokk

12.9%

19.7%

29.76.2
22.4%
31.920.2 ™
52.7%

*

35.548.5 "
34.5%

67.3%

21.6%
5.2%
5.9%

14.9%
25.0%
28.4%
27.0% ™"

47% %
33.643.5

294197
1.0£1.1

23.6% "
24.3%

19.0%
7.2%

11.8%

22.9%

30,6458
25.4%

28.5+8.3™"

32.8% 11

x—**”

33.5+7.8

48.9% ***

72.8%

13.5%7
7.2%
6.5%

7.4%7
19.7% 77
24.1%

8.1%77
10.8%

34.6£3.8™7

2.6+1.7

0.9+1.1
30.5%

13.9%
15.4%

10.6%

13.3%
18.7%

29.4+5.8

20.2%
25.0+6.1

19.9%
29.9+6.2

35.2%

70.2%
13.9%

7.9%
8.0%

8.3%
21.5%
19.6%
38.9%
11.5%

34.0+£3.7

2.5+1.7

0.9+1.1
32.3%

10.6%
6.8%

4.5%

8.2%

15.0%

Data shown as mean + standard deviation, or proportion as appropriate

§Diagnoses obtained from medical records for 1,673 women

*
p<0.05;

Ak
p<0.01;

Aok

”p<0.01;

7

p<0.001 for comparisons with chronic snoring

*
p<0.001; for comparisons with non-snoring controls
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