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Sleep-disordered breathing and upper
airway size in pregnancy and post-partum

B. Izci*, M. Vennelle*, W.A. Liston”, K.C. Dundas”, A.A. Calder” and N.J. Douglas*

ABSTRACT: Sleep-disordered breathing and snoring are common in pregnancy. The aim of this
study was to determine whether pregnancy was associated with upper airway narrowing.

One-hundred females in the third trimester of pregnancy were recruited and 50 agreed to be
restudied 3 months after delivery. One-hundred nonpregnant females were also recruited. Upper
airway dimensions were measured using acoustic reflection.

Snoring was less common in nonpregnant (17%) than pregnant females (41%; odds ratio (OR)
3.34; 95% confidence interval (Cl) 1.65-6.74) and returned to nonpregnant levels after delivery
(18%; OR 0.15; 95% CI 0.06-0.40). Pregnant females had significantly smaller upper airways than
nonpregnant females at the oropharyngeal junction when seated (mean difference 0.12; 95% CI
0.008-0.25), and smaller mean pharyngeal areas in the seated (mean difference 0.14; 95% CI
0.001-0.28), supine (mean difference 0.11; 95% CIl 0.01-0.22) and lateral postures (mean
difference 0.13; 95% CI 0.02-0.24) compared with the nonpregnant females. Pregnant females had
smaller mean pharyngeal areas compared with post-partum in the seated (mean difference 0.18;
95% CI 0.02-0.32), supine (mean difference 0.20; 95% CIl 0.06-0.35) and lateral postures (mean

difference 0.26; 95% CI 0.12-0.39).

In conclusion, this study confirmed increased snoring and showed narrower upper airways

during the third trimester of pregnancy.

KEYWORDS: Post-partum, sleep-disordered breathing, snoring, third trimester, upper airway

noring and sleep-disordered breathing
S (SDB) are 2-3 times more common in

pregnant than nonpregnant females. Self-
reported snoring occurs in 14-28% of females in
the third trimester of pregnancy and in ~75% of
pre-eclamptic females compared with 4-14%
of nonpregnant females of similar age [1-4].
FRANKLIN et al. [2] reported that pregnant females
who snored had increased rates of hypertension,
pre-eclampsia and intra-uterine growth restriction
of the foetus and babies with lower Apgar scores.

The mechanisms underlying the increase in
snoring during pregnancy are unclear. BRADLEY
et al. [5] reported that snorers with or without
obstructive sleep apnoea have narrower upper
airways (UAs) than nonsnorers even when
awake. In pregnancy, the physiological changes
potentially predisposing to increased resistance
[2] and reduced cross-sectional area of the UAs
[4] include the following: weight gain [2, 6-9]; a
decreased functional residual capacity (FRC) due
to mass displacement of the diaphragm [9-11];
pharyngeal oedema of pregnancy [2—4, 12]; and,
possibly, the effect of sleep deprivation or
fragmentation on pharyngeal dilator muscle
activity [13] and UA collapsibility [14].
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Snoring may subside within a few months of
delivery [15]. Lung function studies have shown
that both closing capacity and FRC are lower in
pregnancy compared with the post-partum
period [10, 11]. However, there have been no
studies measuring the effect of pregnancy or the
post-partum period on UA dimension. In a
previous study with a three-way comparison
[4], it was shown that pre-eclamptic females had
UA narrowing compared with nonpregnant or
normal pregnant females, and there was a
nonsignificant trend for pregnant females to have
narrower airways than nonpregnant females
when in the supine position. The current authors
have now, therefore, performed a larger more
powerful study to compare UA size in pregnant
and nonpregnant females, and also a prospective
study to clarify possible changes in UA calibre
after pregnancy.

MATERIAL AND METHODS

Subjects

A total of 138 females aged 18—41 yrs in the third
trimester of their pregnancies attending the
Maternity Dept (Royal Infirmary of Edinburgh,
Edinburgh, UK) were consecutively considered
for participation in this study. One-hundred of
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SDB AND UA IN PREGNANCY AND POST-PARTUM

these took part in the study, whereas 38 were excluded because
they had twins, essential or gestational hypertension, or pre-
eclampsia. One-hundred nonpregnant females aged 18—43 yrs
were randomly selected from advertisement respondents,
mainly hospital staff. Those with severe asthma or other
respiratory illness, i.e. two pregnant females (one with cystic
fibrosis and one with severe asthma) and one nonpregnant
female with a respiratory infection, were excluded. None of the
pregnant or the nonpregnant females had participated in the
current authors” previous study [4].

All of the pregnant females studied were informed about the
possibility of the follow-up study when initially studied. At
least 3 months after their delivery, the subjects were sent a
letter (including questionnaires) and contacted by telephone to
invite them to take part in the follow-up study. Fifty agreed to be
restudied. The rest were not able to attend the follow-up study
due to the demands on new mothers, travel problems, moving
house, taking care of other children or recommencing work.

All gave written, informed consent to the studies which
were approved by the Ethical Advisory Committee (Lothian
Health Board).

Study design

This is a cross-sectional and prospective study, which was
designed to examine the effect of pregnancy on UA dimension.
In this study, all subjects were asked to answer questions about
snoring and breathing pauses, and sleepiness. They also had
their UA measured. Fifty pregnant females” UA dimensions
were measured again at least 3 months after their delivery.

Protocol

Questionnaires

All subjects and their partners completed a standard sleep
questionnaire, including Epworth Sleepiness Scale (ESS) and a
five-point Likert scale for refreshment.

The ESS provides a subjective estimate of patients’ daytime
sleepiness in eight everyday situations (each question scores 0
(never) to 3 (high chance); total ranging 0-24). It has been
shown to have good test-retest reliability (r=0.82) and internal
consistency (Cronbach alpha=0.74-0.88) [16, 17].

The question “How refreshed do you feel on wakening in the
morning regardless of sleep duration?”” was rated on a five-
point Likert scale from 1 (very unrefreshed) to 5 (fully refreshed).
This question is widely used in sleep units to evaluate
individuals for possible SDB. A similar form (or the visual
analogue scale) for refreshment, snoring and daytime sleepiness
has been used by other researchers successfully [15, 18, 19]. It has
been shown that this question has significant correlations with
excessive daytime sleepiness [18] and snoring [19].

The subjects and their partners also answered questions on
snoring and breathing pauses of females, and weight pre-
pregnancy. Pregnant females were asked to rate some responses
for the time before and after pregnancy to allow comparisons.
Snoring frequency and breathing pauses were rated pre-
pregnancy and during the last month on a five-point scale
comprising “never”, “rare”” (1-2 nights per month), “occasional”
(1-2 nights per week), “often” (3 nights per week), “frequent or
always”” (>3 nights per week) and “’do not know”".
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Criteria for snoring and breathing pauses

For snoring and breathing pauses, the higher of the frequencies
reported by the subject and partner was used. Snoring and
breathing pauses were considered to exist in subjects if rated
often or always. Those who snored often or always (>3 days
per week) were defined as habitual snorers.

To assess possible bias, since 45 out of 100 nonpregnant
females were without a current partner, a second questionnaire
was sent to an occasional room-sharer of these subjects, asking
for information on snoring and breathing pauses. The 20
returned questionnaires showed no difference between the
partners” and these subjects’ reports of snoring (odds ratio
(OR) 0.3; 95% confidence interval (CI) 0.1-2.2; p=0.25) and
breathing pauses (OR 0.9; 95% CI 0.7-1.1; p=0.059).

Measurements

All subjects had their height, weight, waist/hip ratio, neck
circumferences, blood pressure (BP) and UA calibre measured.
These measurements and questionnaires were repeated in the
post-partum period.

Blood pressure was recorded using a mercury sphygmoman-
ometer (Korotkoff Phase IV) seated with the right arm at the
level of the patient’s heart before the upper airway measure-
ment. All measurements were taken in the afternoon.

Upper airway measurement

Each subject had UA calibre measured using the current
authors’ previously described acoustic reflection technique
[20-22]. Five measurements were recorded in each position (i.e.
seated, supine and left lateral), and all were stored. The traces
were anonymised, and randomised and scored by a single
observer blinded to case status. This observer decided which
traces were technically satisfactory, and averaged the results,
deriving measurements of oropharyngeal junction (OP]) area,
mean pharyngeal area from the OP] to the glottis (Ap,mean;
cm?), and mean pharyngeal volume (cm®) as the integrated
area under the curve between the OP] and glottis (fig. 1)
[20-22].
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FIGURE 1. Example trace of upper airway produced by acoustic reflectance.
OPJ: oropharyngeal junction; Ap,mean: mean pharyngeal cross-sectional area; Vp:
pharyngeal volume.
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Statistical analysis

The statistical significance between the groups was assessed
using unpaired t-test and Chi-squared tests for independent
variables, and paired t-test and McNemar test for dependent
samples. Correlations were performed using the Pearson’s
coefficient of correlation. With sample sizes of n=200, power of
88% was provided to detect a 13% difference in UA cross-
sectional area at the OP] level [21]. Results are presented as
mean +SD or mean +SEM and mean differences with 95% CI, or
as percentages with OR and 95% CI. A p-value <0.05 was used
to indicate statistical significance.

RESULTS

Subject characteristics

The pregnant and nonpregnant subjects did not differ in terms
of age or height, or pre-pregnancy weight (table 1). There was
also no difference between the pregnant and the nonpregnant
subjects in measured neck circumference on the day UA
dimensions were measured. However, nonpregnant females
tended to have a higher body mass index (BMI) than that
reported by pregnant females prior to their pregnancy
(p=0.059; table 1). The mean+sD duration of gestation of
all the pregnant females who were recruited was 36+ 3 weeks.

1V:\:{1B=B W Characteristics of subjects studied

Nonpregnant Pregnant p-value
Subjects n 100 100
Age yrs 31.5+6.5 30+6 >0.1
Height m 1.64+0.1 1.65+0.1 >0.4
Pre-pregnancy weight kg 66.6+12 64+11.5 >0.1
Pre-pregnancy BMI kg-m?2 24.8+4.7 23.6+4 0.059
Pregnancy weight kg 76+13
Pregnancy BMI kg-m~? 28+4
Neck circumference cm 33+2 33.4+2 >0.1
Waist/hip ratio 0.8+0.07 1+£0.06  <0.001
Systolic BP* mmHg 10842 11541 0.001
Diastolic BP* mmHg 7241 7441 >0.1

Data are presented as mean+sD, unless otherwise stated. BMI: body mass
index; BP: blood pressure. #: mean + Sem.

1|88 Snoring frequency by pregnancy status

SDB AND UA IN PREGNANCY AND POST-PARTUM

The pregnant subjects, who were restudied post-partum, were
compared with those who were not restudied. The groups did
not differ in terms of the main demographic characteristics,
which included the mean duration of gestation (those re-
studied 36 + 4 versus 36 +4 weeks; p=0.25), neck circumference
(33.6+2 versus 33.4+2 cm; p=0.58), height (1.66+0.1 versus
1.65+0.1 m; p=0.38), pregnancy BMI (28+4 wversus 27+5
kg'm? p=0.21), pre-pregnancy BMI (24+4 versus 23+4
kg'm? p=0.13) and pre-pregnancy weight (66+11 versus
63+11 kg; p=0.11), but were older (those restudied 33+4
versus 28 £ 6 yrs; p<0.001). They did not differ in the following
clinical features: snoring (OR 2.1; 95% CI 0.9-4.7; p=0.09),
breathing pauses (OR 0.5; 95% CI 0.1-1.7; p=0.25) or UA cross-
sectional areas (all p>0.07).

The prevalence of snoring and breathing pauses

The prevalence of snoring frequency is presented in table 2.
“Never” and “occasional snoring” answers were considered
as nonsnoring in order to compare snoring status between
habitual snorers and nonsnorers. A total of 17% of the
nonpregnant females were reported to snore compared with
41% of the pregnant subjects (OR 3.34; 95% CI 1.65-6.74;
p<0.001). Twelve per cent of the pregnant females suffered
from habitual snoring prior to becoming pregnant (OR 0.67; 95%
CI1 0.28-1.58; p=0.35 compared with nonpregnant females).

A total of 31% of pregnant and 22% of nonpregnant subjects,
and their partners, did not know if the subjects had breathing
pauses. Sixty-four (74%) of the nonpregnant and 44 (54%) of
the pregnant subjects never had breathing pauses, two (2%)
nonpregnant and four (5%) pregnant subjects occasionally had
breathing pauses, whereas two (2%) nonpregnant and eight
(10%) pregnant subjects reported that they had breathing
pauses frequently or always. Again, “never” and “occasional”
answers were taken to mean no breathing pauses. Three per
cent of nonpregnant subjects had been reported to have
breathing pauses in comparison with 14% of pregnant subjects
(OR 5.5; 95% CI 1.12-27.1; p=0.02). Breathing pauses were
reported in 19% of snoring pregnant subjects, as compared
with 12% of the nonsnoring pregnant subjects (OR 1.77; 95% CI
0.39-7.97; p=0.46).

In the post-partum group, habitual snoring occurred in 11%
before pregnancy and 59% in the third trimester (OR 0.08;

Snoring frequency

Never Occasionally Frequently/always Don’t know
Nonpregnant females 58 (62) 15 (16) 15 (16) 5 (5)
Pregnant females 34 (38) 17 (19) 35 (39) 4 (4)
Pregnant females before pregnancy 57 (64) 16 (18) 10 (11) 6 (7)
Post-partum females 31 (69) 5 (11) 8 (18) 12
Post-partum females in pregnancy 11 (22) 9 (18) 29 (59)
Post-partum females before pregnancy 34 (68) 8 (16) 5 (10) 3 (6)

Data are presented as n (%).
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95% CI 0.03-0.24; p<0.001). After delivery, the percentage
decreased to 18% (OR 0.15; 95% CI 0.06-0.40; p<0.001
compared with pregnancy level). Fifteen per cent of pregnant
subjects reported breathing pauses in the third trimester of
pregnancy, whereas only 5% of them had reported breathing
pauses in post-partum (OR 0.31; 95% CI 0.06-1.62; p<<0.001).
None of them reported breathing pauses before pregnancy (OR
0.85; 95% CI 0.75-0.97; p<<0.001 compared with pregnancy
period). Twenty-five per cent of snoring females reported that
they had breathing pauses compared with 0% of nonsnoring
females in the pregnancy period (OR 1.33; 95% CI 1.06-1.68;
p<0.001).

Snoring in pregnant and nonpregnant females and females
in post-partum period

Pregnant subjects who snored were heavier (snorers: 68 +11
kg; nonsnorers: 62+ 10 kg; p=0.01), had higher BMIs before
pregnancy (snorers: 25+5; nonsnorers: 23+4; p=0.008) and
during pregnancy (weight snorers: 79+11 kg; nonsnorers:
73113 kg; p=0.04; BMI snorers: 29+4; nonsnorers: 27 +4;
p=0.03). Snoring pregnant subjects had a tendency to have a
larger neck circumference than nonsnorers (snorers: 34+2 cm;
nonsnorers: 33+2 c¢cm; p=0.052). Also, snoring females in post-
partum had larger neck circumferences (snorers: 34+2 cm;
nonsnorers: 3242 cm; p=0.008), but BMI and weight did not
change between snorers and nonsnorers in post-partum (both
p>0.07). With regard to BMI, weight and neck circumferences
in nonpregnant females, there were no significant differences
between snorers and nonsnorers (all p>0.42).

Habitual snoring was not associated with any UA size
differences in either pregnancy, post-partum or nonpregnant
females (all p>0.12).

B. IZCI ET AL.

Comparative study

Differences in UA dimensions between nonpregnant and
pregnant subjects

Pregnant females had significantly smaller UAs at the OPJ]
when seated and smaller mean pharyngeal areas in the seated,
supine and lateral postures compared with the nonpregnant
females (table 3). All other UA dimensions in all postures were
numerically narrower in pregnancy, but these differences were
not statistically significant.

Follow-up study

When 50 pregnant females were restudied in post-partum,
they had lower BMI (28 +4 versus 25+ 4 kg-m™; p<0.001) and
neck circumference (34 +2 versus 33+2 cm; p<<0.001).

Comparison of UA dimensions in post-partum period and third
trimester of pregnancy

Subjects in the third trimester of pregnancy had smaller
Apmean compared with post-partum period in all three
postures: seated, supine and lateral (table 4). On lying down,
the UAs at OPJ narrowed more markedly during pregnancy
than in the post-partum period (table 4).

BP in third trimester of pregnancy

Pregnant females had higher systolic BP than nonpregnant
females (table 1). Pregnant females who participated in
the follow-up study had higher systolic BP in pregnancy
than post-partum (mean+seM 116+2 versus 104+2 mmHg;
p<<0.001).

Relationship between BP and airway size
In the nonpregnant females, there were negative correlations
between Ap,mean in the seated (r=-0.23; p=0.05) and supine

ar::1B S Airway calibre measures for pregnant and nonpregnant females

Nonpregnant” Pregnant® Differences p-value
Mean 95% ClI
Upper airway seated
OPJ cm? 1.39+0.05 1.274+0.04 0.12 0.008-0.25 <0.04
Ap,mean cm?® 1.84+0.05 1.70+0.05 0.14 0.001-0.28 <0.05
Vp cm?® 20.154+0.72 18.66 +0.55 1.49 -0.30-3.28 0.10
Upper airway supine
OPJ cm? 1.15+0.04 1.07+0.03 0.08 -0.01-0.17 0.09
Ap.mean cm? 1.62+0.04 1.561+0.08 0.11 0.01-0.22 <0.03
Vo cm® 17.54+0.54 16.35+0.49 1.19 -0.26-2.63 0.10
Upper airway lateral
OPJ cm? 1.23+0.03 1.17+0.03 0.06 -0.03-0.15 0.18
Ap,mean cm? 1.71+0.04 1.68+0.04 0.13 0.02-0.24 0.02
Vo cm® 18.33+0.52 17.40+0.56 0.93 -0.57-2.43 0.22
Change from the seated to
supine posture
OPJ % 12+4 OFIRS! -8-12 0.63
Ap,mean % 9+3 6+3 -5-11 0.46
Vb % 7+3 6+4 2 -9-12 0.78

Data are presented as mean +sem, unless otherwise stated. Cl: confidence interval; OPJ: oropharyngeal junction; Ap,mean: mean pharyngeal cross-sectional area; Vp:

pharyngeal volume. #: n=100.
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17\ 8V Airway calibre

measures for pregnant and post-partum females

SDB AND UA IN PREGNANCY AND POST-PARTUM

Post-partum* Pregnant® Differences p-value
Mean 95% CI
Upper airway seated
OPJ cm? 1.32+0.07 1.304+0.05 0.02 -0.14-0.17 0.85
Ap,mean cm? 1.804+0.06 1.6240.05 0.18 0.02-0.32 <0.03
Vp cm?® 20+0.99 19+0.76 1 -1.50-3.36 0.44
Upper airway supine
OPJ cm? 1.124+0.04 1.064+0.04 0.06 -0.07-0.19 0.36
Ap,mean cm? 1.67+0.05 1.4740.05 0.20 0.06-0.35 0.007
Vp cm® 17.094+0.79 16.8440.71 0.25 -1.97-2.48 0.82
Upper airway lateral
OPJ cm? 1.2240.05 1.1840.04 0.057 -0.47-0.16 0.28
Ap,mean cm? 1.7564+0.05 1.4940.04 0.26 0.12-0.39 0.001
Vp cm® 18.0940.81 16.83+0.56 1.26 -0.63-3.16 0.19
Change from the seated to supine posture
OPJ % 10+4 23+4 -13 -24— -1 <0.04
Ap,mean % 9+3 5+6 4 -11-19 0.61
Vo % 945 248 6 -15-27 0.55

Data are presented as mean +sem, unless otherwise stated. Cl: confidence interval; OPJ: oropharyngeal junction; Ap,mean: mean pharyngeal cross-sectional area; Vp:

pharyngeal volume. #: n=50.

(r=-0.23; p=0.05) postures with diastolic BP, but no correla-
tions between systolic BP and UA sizes. In the pregnant
females, there were negative correlations between systolic BP
with seated (r=-0.2; p=0.05), supine (r=-0.3; p=0.01) and
lateral (r=-0.3; p=0.05) Apmean and lateral OP] (r=-0.23;
p=0.05). Diastolic BP did not correlate with any UA sizes. In
the post-partum females, there were no significant correlations.

Sleepiness and refreshment

Mean ESS scores were higher during pregnancy than reported
pre-pregnancy scores (meanz+SEM pregnancy: 7+1; pre-
pregnancy: 4+1; p<<0.001). Pregnant females also had higher
ESS scores than nonpregnant females (5+1; p=0.001). In the
follow-up study, females had higher ESS scores in pregnancy
than in post-partum (pregnancy: 8+1; post-partum: 6+1;
p=0.008).

Pregnant females felt more refreshed on waking in the
morning before pregnancy than during the third trimester of
pregnancy (pre-pregnancy: 3.6+0.1; pregnancy: 2.84+0.1;
p<0.001). However, there were no significant differences in
refreshment between nonpregnant and pregnant females or
between the pregnancy and post-partum period (p >0.14).

In the pregnancy and post-partum period, snoring was not asso-
ciated with either ESS or refreshment score (both p>0.3). In non-
pregnant females, snorers were not sleepier than nonsnorers,
but they felt less refreshed than nonsnorers on waking in the
morning (snorers: 2.3+ 0.2; non-snorers: 3.1 +0.1; p<0.001).

DISCUSSION

This study shows that UAs are significantly narrower in
females in the third trimester of pregnancy. This was found
both by comparison with nonpregnant females and by
repeated measurements post-partum, when the UA widens

EUROPEAN RESPIRATORY JOURNAL

again. All nine measures of UA calibre were numerically
smaller in the third trimester of pregnancy, and four of these
differences were significant, including at least one of the
measurements in each posture. In the follow-up study, three of
the UA dimensions were significantly narrower in the third
trimester of pregnancy than post-partum. On lying down, the
OPJ narrowed more markedly during pregnancy. Although
the changes were consistent, they were small, with no greater
than 15% narrowing between pregnant and nonpregnant
females, and between the pregnancy and post-partum period.
However, the prevalence of habitual snoring, which often
accompanied clinically important SDB, was considerably
higher in pregnant females, strongly supporting the current
authors’ observation of UA narrowing in pregnancy.

There are several studies on SDB in pregnancy, but most are
based on questionnaires [1, 2] or clinical examinations [12] or
focused on pre-eclampsia [3, 4, 23]. Therefore, this study
would seem to be one of the first that presents both objective
and subjective measurements regarding SDB in healthy
pregnant females.

In the current study, findings regarding frequent snoring
increased up to 59% in the third trimester compared with the
pre-pregnancy (12%) and the post-partum period (18%), and
breathing pauses were reported in 14-15% in the third
trimester of pregnancy. Although the current study confirms
the results from previous studies and case reports [1-4, 15, 24,
25], the percentage of snoring is higher in this study than in
others because previous studies focus on the results from only
the females [1] or only the partner [15], whereas the current
study combined both reports.

The objectively narrower UA in pregnancy is compatible with
the suggestion of reduced pharyngeal dimensions during

VOLUME 27 NUMBER 2 325
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pregnancy demonstrated using visual inspection, classified
according to the Mallampati score [12]. The finding that the
UA is narrowed in the third trimester of pregnancy is also
consistent with weight gain [2, 6-8] and abdominal mass
loading, resulting in decreased lung volume and trachea
shortening [7, 9, 26]. FRANKLIN et al. [2] and MAASILTA et al.
[6], as well as the present study, found that habitual snorers
were significantly heavier than nonsnorers before and during
pregnancy. This outcome suggests that both pre-pregnancy
BMI and gestational weight gain have an important role in the
development of SDB in pregnancy. This finding was supported
by WELCH et al. [8], who demonstrated that cross-sectional area
increased with weight loss in normal females, and observed, as
did HOFFSTEIN et al. [7], that weight loss lowered the diaphragm
and increased FRC.

In addition to pre-pregnancy BMI and gestational weight gain,
fat deposition that infiltrates pharyngeal muscle tissue or soft
tissue deposition in the neck and around UA may cause UA
narrowing in pregnancy [4, 27]. In a pregnancy study, ear, nose
and throat examination revealed nasal mucosal engorgement
at 6 months of pregnancy [28]. PIEN et al. [29] showed that neck
circumferences increased during pregnancy, a finding which
the current authors confirmed and strengthened by showing a
decrease in neck size post-partum. SCHWAB et al. [26] have
highlighted the importance of the lateral pharyngeal walls in
mediating UA calibre together with the tongue and soft palate
in snorers. The predominant anatomical abnormality can also
be an important factor underlying UA narrowing in pregnant
females. In a recent study, physical examination showed that
snoring pregnant females had abnormal oropharyngeal anat-
omy with a small oropharynx in the first trimester of
pregnancy [28].

In this study, systolic BP was higher in pregnant females than
nonpregnant females. Pregnant females who took part in the
follow-up study also had higher systolic BP in pregnancy than
post-partum. EDWARDS et al. [3] found an association between
UA narrowing during sleep and BP surges in females with pre-
eclampsia. The present study extends these observations by
indicating weak correlations between UA size during wakeful-
ness and BP in these groups, but none explained >9% of the
variance in BP.

Females in the third trimester of pregnancy had higher ESS
scores than in their pre-pregnancy and post-partum periods
and felt less refreshed on awakening in the morning in the
third trimester of pregnancy than in the pre-pregnancy period.
Pregnant females also had higher ESS scores than nonpregnant
females. Having stated this, the mean ESS score of pregnant
females did not reach the usual level for excessive daytime
sleepiness derived from adult studies (ESS >10) [16, 17].
However, BALDWIN ef al. [18] reported that females were less
likely to have an ESS score >10 and were more likely to report
feeling unrested. Therefore, it can be suggested that pregnant
females are relatively sleepy, and this is not surprising as
difficulty in sleeping during pregnancy is well documented [1-
6, 15, 23-25, 28].

The current study has several limitations. First, the results
reported in this study were obtained during wakefulness.
Measurements using this technique, however, correlate well
with snoring and disturbed breathing during sleep [5, 21, 27].
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Differences measured during wakefulness do not necessarily
predict differences during sleep, but this technique has shown
narrower airways in awake patients with obstructive sleep
apnoea-hypopnoea syndrome than in snorers [5, 7, 21], and
also shows that awake snorers have narrower UAs than
nonsnorers [5]. Thus, the results of acoustic reflection during
wakefulness have been shown to predict differences in airway
calibre and function during sleep [5, 7, 21, 27].

Secondly, the comparative study with healthy nonpregnant
females had a cross-sectional design and there are always
potential selection biases between the groups of subjects. A
cross-sectional study cannot prove potential reasons and
consequences, but only proposes reasons when other con-
founding factors are controlled. In the current study, the
factors that may alter UA dimension were controlled, includ-
ing sex [22, 27, 30], age [22], obesity [6-8, 22], familial factors
[31] and sleep state [32]. However, the nonpregnant group
tended to have a higher BMI (p<<0.059) than the pregnant
group reported prior to pregnancy. An increased BMI in the
nonpregnant group would bias against the findings of the
current study by predisposing to UA narrowing, snoring and
apnoeas [6, 7, 22, 27] in the nonpregnant group, so this cannot
be a factor in the current findings of the reverse. Indeed, the
trend to a difference in BMI could well result from an
overoptimistic estimation of pre-pregnancy BMI by the
pregnant females. The longitudinal aspect of the study with
repeated measurement post-partum adds credence to the
current findings in the cross-sectional component. However,
the potential recall bias may occur when pregnant females are
asked >3 months later about their pre-pregnancy snoring,
breathing pauses, refreshment and ESS scores, although the
main outcomes of the study were objective. Another limitation
of the current study is the failure to recruit 50 of the 100
females in the second part of the study after delivery. The
subjects recruited did not differ from the decliners in terms of
snoring or UA characteristics, and it is believed that the
observations of widening of UA calibre post-partum are likely
to be robust. Another limitation is the number of statistical
comparisons performed. There were 24 comparisons in airway
size and, thus, by chance alone, 1.2 (24/20) significant
differences would have been found at the p=0.05 level. In
fact, seven differences were found and all in the hypothesised
direction. Thus, the large number of comparisons cannot
account for the changes found. It must be noted that the BP
measurements were limited to single measurements in each
subject and, thus, need to be interpreted with care.

The current study shows that pregnant females have statisti-
cally significant upper airway narrowing during the third
trimester of pregnancy. It is likely that reduced upper airway
calibre may contribute to the increased rate of snoring and sleep-
disordered breathing in pregnancy. The further clinical signifi-
cance of these airway calibre changes requires further study.
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