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Abstract

Background: Physical and hormonal changes during preg-
nancy alter breathing patterns of pregnant women. It is pos-
sible that occult disordered breathing during sleep may be
a risk factor for the development of pregnancy-induced hy-
pertension (PIH) and preeclampsia. Objective: Our aim was
to determine the incidence of self-reported snoring in preg-
nant women, and to investigate the relationship of snoring,
obesity and neck circumference to PIH and preeclampsia.
Methods: 469 pregnant women and 208 age-matched non-
pregnant women were included in the study. Both groups
were asked to complete a questionnaire. Maternal complica-
tions were retrieved from the medical records. Results: Ha-
bitual snoring was reported from 1.9% of nonpregnant
women, 2.5% of pregnant women prior to pregnancy and
11.9% of those same women during the third trimester of
pregnancy (p <0.001). Age, smoking during pregnancy, and
weight before delivery were independent risk factors for ha-
bitual snoring in pregnancy. PIH and preeclampsia devel-
oped in 20 and 10.9% of pregnant women with habitual
snoring, as compared to 11 and 5.8% of non-snoring preg-
nant women (p = 0.045, p = 0.125, p = 0.415), respectively. In
women who developed preeclampsia, weight before preg-

nancy, weight before delivery and neck circumference were
significantly higher in univariate analysis. Neck circumfer-
ence was an independent risk factor for PIH and preeclamp-
sia according to logistic regression analysis. Conclusion: The
incidence of snoring is significantly higherin pregnant wom-
en than in nonpregnant women. Snoring may indicate a risk
of PIH. Neck circumference was an independent risk factor
for both PIH and preeclampsia.

Copyright © 2007 S. Karger AG, Basel

Introduction

Physical and hormonal changes during pregnancy al-
ter breathing patterns of pregnant women. Some of these
changes may provide protection from sleep-disordered
breathing, while others may place women at increased
risk [1, 2]. The prevalence of self-reported snoring during
pregnancy is 14% [3]. In Sweden, Franklin et al. [4] re-
ported an incidence of 23% of regular snoring in 502
pregnancies, while only 4% of the same women reported
snoring prior to pregnancy.

Snoring is an indicator of increased upper airway re-
sistance and possible obstructive sleep apnea (OSA),
which has been identified as an independent risk factor
for the development of hypertension [5-7]. It is possible
that occult disordered breathing during sleep may be a
risk factor for the development of pregnancy-induced hy-
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pertension (PIH) and preeclampsia. Franklin et al. [4]
found an association between snoring, maternal hyper-
tension and preeclampsia. Furthermore, several studies
suggested that the prevalence of habitual snoring in wom-
en was strongly dependent on body mass index (BMI)
and neck circumference [8]. Neck circumference and
BMI were strongest predictors of the severity of OSA [9].
Maternal obesity prior to pregnancy is a significant risk
factor for adverse outcomes during pregnancy. The inci-
dence of hypertensive disorders of pregnancy rises with
increasing BMI [10].

The aim of our study was to determine the incidence
of self-reported snoring in pregnant women, and to in-
vestigate the relationship among snoring, obesity, neck
circumference, PIH and preeclampsia.

Patients and Methods

Study Population

We conducted the study at alarge community hospital provid-
ing obstetric and gynecologic care in Bursa, Turkey. The ethics
committee of the Uludag University, the Chief Physician of the
maternity hospital and the Ministry of Health approved the study.
A questionnaire was administered to pregnant women in the
third trimester and age-matched nonpregnant healthy women
from the general population. After completing an informed con-
sent form, all participants were asked to complete a questionnaire.
In both groups, women with a history of chronic hypertension,
fetal mortality, multiple births, and cardiac, pulmonary and neu-
romuscular disease were excluded from the study.

Questionnaire

The questionnaire was administered by research assistants.
When completing the questionnaire, the women were accompa-
nied by their partners. Women were asked about insomnia, snor-
ing and witnessed apnea, and these responses were graded on a
Likert Scale of 04 [0 = never, 1 = rarely (less than once a month),
2 = sometimes (less than once a week), 3 = often (at least once a
week) and 4 = always (almost every night)]. Habitual snoring was
snoring that occurred often or always. Difficulty in falling asleep,
frequent awakening with difficulty in falling asleep once again
and early morning wakefulness were considered as insomnia
symptoms. Pregnant women were asked to report their symptoms
prior to pregnancy and during the third trimester.

The questionnaire also included the Epworth Sleepiness Scale
(ESS), a 24-point scale that consists of eight situations requiring
various degrees of vigilance, each with a score from 0 to 3 [11].
Age, medication, concomitant disease and smoking history were
reported by the women. Height, weight, and neck circumference
were measured by the research assistants.

Maternal Complications

Research assistants reviewed the medical records of the preg-
nant women. PIH was defined as repeated blood pressures of
140/90 or greater appearing during pregnancy. Preeclampsia was
defined as PIH with a 24-hour urinary protein level >0.3 g.
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Statistical Analysis

The data are presented as means * SD for continuous vari-
ables and as rates for nominal values. Student’s t test for indepen-
dent samples was used for normally distributed continuous vari-
ables. The Mann-Whitney U test was performed for non-normal-
ly distributed continuous variables. To assess the predictability of
habitual snoring in pregnancy, we used a receiver-operating char-
acteristic (ROC) curve, where the circumscribed area (the area
under the curve) gives an estimate of the diagnostic efficiency of
the test.

Odds ratios (OR) were computed using logistic regression. For
multivariable analyses, binary logistic regression models were
used. Statistical analysis was performed using the SPSS 13.0 soft-
ware. A p value <0.05 was considered statistically significant.

Results

Clinical Characteristics

Seven hundred and twenty patients satisfied our inclu-
sion criteria and were enrolled in our study. Forty-three
patients were excluded because of incomplete question-
naire (n = 10), chronic hypertension (n = 6), multiple
births (n = 5), and cardiac (n = 11), pulmonary (n = 10)
and neuromuscular disease (n = 1). Four hundred and
sixty-nine pregnant women (212 nulliparous and 257
multiparous) and 208 nonpregnant women completed
the questionnaire. Mean age was 25.5 * 4.8 years in
pregnant women and 26.2 * 5.7 years in nonpregnant
women. Mean gestational age was 36.8 * 1.5 weeks.
None of the subjects had pulmonary or neuromuscular
disease, or cancer.

In the pregnant group, 175 women or 37.3% were
smokers prior to pregnancy and 76 or 14.5% reported
smoking during their pregnancy. In the nonpregnant
group, 76 or 36.5% were smokers. Prior to pregnancy,
women reported a BMI of 22.8 * 3.8 kg/m?, and in the
nonpregnant group the BMIwas 21.7 * 2.9 kg/m?. There-
fore, there was no significant difference in age (p = 0.251),
smoking (p = 0.194) or BMI (p = 0.102) between the two
groups at baseline.

Self-Reported Snoring

Snoring frequencies were as follows: 77.9% never;
12.5% rarely; 7.7% sometimes; 0.5% often, and 1.4% al-
ways in the nonpregnant group; in the pregnant group,
snoring frequencies were 77.1% never, 12.7% rarely, 7.6%
sometimes, 1.2% often and 1.4% always prior to preg-
nancy, and 81.4% never, 2.6% rarely, 4.3% sometimes,
5.3% often and 6.4% always during the third trimester.
Therefore, the reported frequency of habitual snoring
was 1.9% in the nonpregnant group, and 2.5% prior to
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pregnancy and 11.7% during the third trimester in the
pregnancy group. Habitual snoring was significantly
more prevalent in the third trimester of pregnancy (p <
0.001; fig. 1).

Habitual snoring in the third trimester correlated with
mean age (p = 0.035), smoking during pregnancy (p =
0.030), weight increase during pregnancy (p = 0.025),
weight before delivery (p = 0.002) and neck circumfer-
ence (p = 0.004). There were no significant differences

regarding smoking, BMI or weight prior to pregnancy
between the habitual and nonhabitual snoring pregnant
women (table 1).

We used ROC analysis with significantly different pa-
rameters between habitual and nonhabitual snorers in
univariate analysis. We determined that age, weight be-
fore delivery, weight increase during pregnancy and neck
circumference were the most useful predictors of habitu-
al snoring. Multivariate analysis was applied for signifi-
cantly different parameters between habitual and non-
habitual snorers in univariate analysis. The results of
multivariate analysis including age, smoking during

pregnancy, weight before delivery, weight increase during
pregnancy and neck circumference are summarized ta-
147 ble 2. Age (OR: 2.03, 95% confidence interval, CI: 1.09-
3.76, p = 0.024), smoking during pregnancy (OR: 2.93,
s ] 95% CI: 1.20-7.16, p = 0.014) and weight before delivery
2 10 [ Nonpregnant (OR: 2.12, 95% CI: 0.99-4.53, p = 0.049) were indepen-
S [ Prior to pregnancy dent risk factors for habitual snoring in pregnancy ac-
$ 5. [ Third timester of cording to binary logistic regression analysis.
g pregnancy
g 6 — Insomnia, Excessive Daytime Sleepiness,
= Witnessed Apnea
£ 49 Prior to pregnancy, insomnia and witnessed apnea
T , | were reported by 2.4 and 0.85%, respectively, versus 49.3
and 9.1% during the third trimester of pregnancy, respec-
0 tively. The prevalence of insomnia was significantly high-
er in the third trimester of pregnancy. Insomnia in preg-
nancy was similar between habitual snorers and those
who were not, but ESS (p = 0.034) was significantly high-
Fig. 1. Habitual snoring prevalence. er in habitual snorers.
I;(?!:rl.ilr?;t;g;rﬂr??; nonhabitual Characteristics Habitual Nonhabitual ~ p value
snorers snorers
Age, years 26.7£5.1 253%4.38 0.035
Smoking before pregnancy (n = 175), % 47.3 36 0.071
Smoking during pregnancy (n = 68), % 27.3 12.8 0.030
BMI before pregnancy, kg/m? 23.6%4.1 22.8%3.8 0.226
Weight before pregnancy, kg 61.1%£10.4 57.8%9.8 0.136
Weight increase during pregnancy, kg 13.9*57 121*54 0.025
Weight before delivery, kg 752%11.7 70.7£10.2 0.002
Neck circumference before delivery, cm 345%24 33.7%2.0 0.004
ESS 73X2.6 456*2.1 0.034
PIH (n = 57), % 20 11.1 0.045
Preeclampsia (n = 30), % 10.9 5.8 0.125
Systolic blood pressure, mm Hg 117.3%15.8 115.5+25.1 0.862
Diastolic blood pressure, mm Hg 72.4%10.6 71.2%11.1 0.482
Nullipara/multipara 22/33 190/224 0.128
Snoring, Obesity and Pregnancy Respiration 2008;76:33-39 35



PIH and Preeclampsia

Thirty (6.4%) pregnant women met the definition of
preeclampsia with hypertension and proteinuria. Pre-
eclampsia was observed in 10.9% of habitual snorers ver-
sus 5.8% of nonhabitual snorers (p = 0.125). Fifty-seven
(12.2%) pregnant women met the definition of PIH. PIH
was observed in 20% of habitual snorers and 11.1% of
nonhabitual snorers (p = 0.045). Twenty percent of wom-
en with preeclampsia and 19.3% of women with PIH had
habitual snoring during the third trimester of preg-
nancy.

In pregnant women who had PIH, snoring (p = 0.05),
weight before pregnancy (p < 0.001), weight before deliv-
ery (p < 0.001) and neck circumference (p < 0.001) were

Table 2. Risk factors of snoring in pregnancy in multivariate
analysis

Variables OR 95% CI p value

Age
<26 years 1.000 1.095-3.756 0.024
>26 years 2.028

Smoking during pregnancy
No 1.000 1.202-7.161 0.014
Yes 2.934

Weight before delivery
<69 kg 1.000 0.997-4.538 0.049
>69 kg 2.127

Weight increase during pregnancy
<9.5kg 1.000 0.764-3.768 0.194
>9.5 kg 1.696

Neck circumference before delivery
<34.7 cm 1.000 0.914-3.180 0.093
>34.7 cm 1.705

Table 3. Risk factors of PIH and preeclampsia in pregnant women

significantly higher than in normotensive pregnant wom-
en. In preeclamptic women, weight before pregnancy
(p < 0.001), weight before delivery (p < 0.001) and neck
circumference (p < 0.001) were significantly higher (ta-
ble 3).

We used ROC analysis with significantly different pa-
rameters between hypertensive and normotensive preg-
nant women in univariate analysis. We determined that
weight before pregnancy, weight before delivery and neck
circumference are the most useful values predicting PIH
and preeclampsia. The result of multivariate analysis in-
cludinghabitual snoring, weight before pregnancy, weight
before delivery and neck circumference are summarized
in table 4. Neck circumference was an independent risk
factor for PIH and preeclampsia using binary logistic re-
gression analysis.

Discussion

Among the many physiologic changes during preg-
nancy are alterations in upper airway and respiratory
function, and in sleep. Habitual snoring is increased dur-
ing pregnancy. Possible mechanisms leading to increased
upper airway resistance are pharyngeal edema and weight
gain. Also, nasal congestion and rhinitis are common
during pregnancy due to elevated estrogen levels. These
factors increase snoring and upper airway obstruction
(12, 13].

Previous studies have reported increases in snoring
during pregnancy. Loube et al. [3] noted habitual snoring
in 14% of pregnant women, which was significantly in-
creased compared with age-matched nonpregnant wom-
en. In a similar study carried out by Franklin et al. [4] in
Sweden, 502 pregnant women were asked to complete a

Characteristics PIH Preeclampsia
yes (n=57) no (n=412) p value yes (n=30) no (n=439) p value

Age, years 26.9*6.1 25.3*4.6 0.151 27.3%6.5 25447 0.209
Habitual snoring, % 19.3 10.7 0.050 20 11.2 0.145
Smoking, % 28.1 38.6 0.800 20 38.5 0.071
Smoking, pack/years 1.16x3.74 1.05%x2.59 0.610 1.05x39 1.06x2.6 0.061
Neck circumference, cm 351221 33.6%2.01 <0.001 354%221 33.7%2.0 <0.001
Weight before pregnancy, kg 64.8+11.8 582193 <0.001 66.2+12.3 58.5+9.5 <0.001
Weight increase during pregnancy, kg 12.6 £4.9 123£54 0.420 125145 12.3%5.1 0.420
Weight before delivery, kg 76.8+10.8 70.4%10.1 <0.001 78.7+10.5 70.7+10 <0.001
36 Respiration 2008;76:33-39 Ursavas/Karadag/Nalci/Ercan/Gozu



Table 4. Risk factors of PIH and

preeclampsia in pregnant women Variables PIH Preeclampsia
in multivariate analysis OR 95%CI  pvalue OR 95%CI  pvalue
Habitual snoring
No 1.59 0.74-3.42 0.232 149  0.55-4.05 0.426
Yes
Weight before pregnancy
<62.5kg 1.31 0.59-2.87 0.502 1.65 0.56-4.83 0.360
>62.5 kg
Weight before delivery
<77 kg 1.65 0.74-5.37 0.215 2.08 0.72-598 0.173
>77 kg
Neck circumference
<34.7 cm 2.85 1.51-5.37 0.001 3.57 1.43-8.88 0.006
>34.7 cm

questionnaire. They found that during the last week of
pregnancy, 23% of the women reported snoring every
night. Only 4% reported snoring before their pregnancy.
The increase in the incidence of snoring during pregnan-
cy suggests a probable correlation with sleep-disordered
breathing. However, actual prevalence of sleep-disor-
dered breathing during pregnancy is unknown. Guil-
leminault et al. [14] investigated 267 pregnant women in
a two-stage study. All subjects underwent ambulatory
monitoring of their sleep with a 6-channel recorder at the
6-month prenatal visit. Snoring prevalence was 3.7% pri-
or to pregnancy and 11.8% during the last trimester. In
the second stage of the study, 26 subjects underwent poly-
somnography, 13 based on symptoms, blood pressure
values and the ambulatory monitoring results and 13
chosen at random from the group. Abnormal respiratory
patterns were detected, but none of the subjects were es-
tablished to have apnea or hypopnea. Edwards et al. [15]
performed overnight polysomnography and continuous
systemic blood pressure monitoring during the third tri-
mester of pregnancy and 3 months following delivery.
They reported that an improvement in both the apnea-
hypopnea index and minimum arterial oxyhemoglobin
saturation occurred consistently in all subjects postna-
tally. In our study, habitual snoring was found in 11.7%
of pregnant women during the third trimester of preg-
nancy, while only 2.5% of them reported snoring prior to
pregnancy and 1.90% of our nonpregnant group reported
habitual snoring.

Age, obesity and smoking predispose to snoring and
other sleep-related breathing disorders. The prevalence
of habitual snoring in middle-aged French males was re-
ported to be 32%. Age, neck circumference, tobacco con-

Snoring, Obesity and Pregnancy

sumption, weight excess and large soft palate were inde-
pendently associated with snoring [16]. Resta et al. [17]
investigated the prevalence of snoring and OSA in obese
subjects. They showed that neck circumference in men
and BMI in women were strongest predictors of the se-
verity of OSA. Maasilta et al. [18] recruited 11 obese and
11 control women. Overnight polysomnography was per-
formed in early and late pregnancy. They showed that
early and late pregnancy apnea-hypopnea indexes, oxy-
gen desaturation, arousal indexes and snoring times were
significantly higher in the obese pregnant women as
compared to the nonobese pregnant controls. The results
of our study also indicate that age, smoking during preg-
nancy and weight before delivery were independent risk
factors for habitual snoring in pregnancy in logistic re-
gression analysis. Furthermore, neck circumference is
higher in habitual snorers compared with nonhabitual
snorers in univariate analysis.

Most pregnant women report alterations in sleep.
During the third trimester, total sleep time decreases,
while insomnia, nocturnal awakening and daytime sleep-
iness increase [19]. The most common reasons given for
third trimester sleep disturbances are fetal movement,
backache, general abdominal discomfort, urinary fre-
quency, heartburn and leg cramps [20]. A prospective
study of 33 pregnant women noted an increase in total
sleep time in the first trimester, normalization by in the
second trimester and a decrease in the third trimester
[21]. Franklin et al. [4] found that daytime sleepiness
started during the first trimester in 25% of the women,
during the second trimester in 18% and during the third
trimester in 22%. They did not find a difference in day-
time sleepiness between habitual snorers and nonhabitu-
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al snorers. Loube et al. [3] also could not find a relation-
ship between daytime sleepiness and snoring in pregnant
women using ESS. Izci et al. [22] investigated 167 healthy
pregnant women, 82 women with preeclampsia and 160
non-pregnant women. They reported 32% of control, 55%
of pregnant and 85% of women with preeclampsia snored.
In this study, 53.1% of pregnant women had self-reported
daytime sleepiness during the third trimester. In preg-
nancy, ESS were significantly higher in habitual snorers.

Preeclampsia is a multisystem disorder observed in
7-9% of pregnant women. Nocturnal blood pressure val-
ues are higher compared with daytime values in pre-
eclampsia, and diurnal variations occur [23]. Snoring
during pregnancy may be an important finding as it has
been associated with PIH and preeclampsia. Gislason et
al. [6] demonstrated a strong correlation between hyper-
tension and snoring in pregnancy. Izci et al. [24] com-
pared upper airway dimensions in pregnant and non-
pregnant women and in patients with preeclampsia. They
showed that women with preeclampsia have upper air-
way narrowing both upright and supine. They suggested
that these changes could contribute to the upper airway
resistance episodes during sleep in patients with pre-
eclampsia, which may further increase their blood pres-
sure. Edwards et al. [25] hypothesized that snoring and
partial upper airway obstruction contribute to nocturnal
rises in blood pressure. They tested this hypothesis by
controlling sleep-induced upper airway flow limitation
and snoring with nasal positive pressure. They demon-
strated that partial upper airway obstruction is associat-
ed with increments in blood pressure during sleep in
women with preeclampsia, which can be treated with na-
sal continuous positive airway pressure. Franklin et al.
[4] indicated that PIH and preeclampsia were significant-
ly higher in snoring than nonsnoring pregnant women.
In a recent study, the prevalence of PIH was found to be
4.5%, and correlated with BMI as well as snoring and de-
creased vigilance measured with a standard scale [26]. In
our study, although PIH was significantly higher in snor-
ers compared to nonsnorers, preeclampsia was not shown
to be significantly different between snorers and non-
snorers. There are two reasons for this result. First, our
subjects (both pregnant and nonpregnant ones) were
younger than those of other studies. Second, our pre-
eclamptic sample size was limited.

Risk factors for preeclampsia and PIH include so-
ciodemographic factors (age, socioeconomic status and
ethnic group), genetic factors, pregnancy factors (nulli-
parity and previous preeclampsia) or personal history
(obesity, chronic renal disease, chronic hypertension, di-
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abetes mellitus and thrombophilia) [27]. Robinson et al.
[28] investigated 142,404 singleton pregnancies. They
found that obesity increased the risk of PIH. Neck cir-
cumference, a simple and time-saving screening measure
to identify obesity, is reported to be positively correlated
with the factors of the metabolic syndrome: obesity; in-
sulin resistance; hyperlipidemia; hypertension, and coro-
nary heart disease [29]. Ben-Noun et al. [30] showed that
higher neck circumference positively correlated with sys-
tolic and diastolic blood pressures in 364 healthy sub-
jects. Age, neck circumference and BMI were the stron-
gest predictors of an elevated apnea-hypopnea index [31,
32]. Neck circumference increases during pregnancy due
to weight gain. Pien et al. [33] demonstrated that women
with higher baseline BMI and greater increases in neck
circumference during pregnancy reported higher apnea
symptom scores. In our study, neck circumference was an
independent risk factor for PIH and preeclampsia in to
logistic regression analysis. Weight gain in pregnancy
may cause higher neck circumference, habitual snoring
and higher prevalence of PIH in obese women. The in-
creased prevalence of PIH in women with increased neck
circumference could be related to the frequency of ap-
nea.

Potential limitations of this study merit consideration.
The pregnancy group was asked to report retrospectively
on weight and snoring prior to pregnancy. Reporting on
snoring is subjective, although it was supported by their
partners. There is no particular study which evaluated
the reliability and validity of ESS in pregnant women.
These same problems exist in similar studies, too. Final-
ly, we used ROC curves to generate cutoffs to define pre-
dictors for snoring. Subsequently, these variables were
applied in multivariate analysis. This approach of data-
driven strategy might have affected the results of our
study.

In conclusion, habitual snoring was significantly more
prevalent in the third trimester of pregnancy. Age, smok-
ing during pregnancy and weight before delivery were
independent risk factors for habitual snoring in pregnan-
cy. The prevalence of excessive daytime sleepiness and
insomnia were significantly higher in the third trimester.
In women with preeclampsia, weight before pregnancy,
weight before delivery and neck circumference were sig-
nificantly increased in comparison to women without
preeclampsia. Neck circumference was an independent
risk factor for PIH and preeclampsia in logistic regression
analysis.
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