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ABSTRACT: Self-reported snoring is common in pregnancy, particularly in females
with pre-eclampsia. The prevalence of inspiratory flow limitation during sleep in pre-
eclamptic females was objectively assessed and compared with normal pregnant and
nonpregnant females.

Fifteen females with pre-eclampsia were compared to 15 females from each of the
three trimesters of pregnancy, as well as to 15 matched nonpregnant control females
(total study population, 75 subjects). All subjects had overnight monitoring of
respiration, oxygen saturation, and blood pressure (BP).

No group had evidence of a clinically significant sleep apnoea syndrome, but patients
with pre-eclampsia spent substantially more time (31¡8.4% of sleep period time,
mean¡SD) with evidence of inspiratory flow limitation compared to 15.5¡2.3% in third
trimester subjects andv5% in the other three groups (p=0.001). In the majority of pre-
eclamptics, the pattern of flow limitation was of prolonged episodes lasting several
minutes without associated oxygen desaturation. As expected, systolic and diastolic
BPs were significantly higher in the pre-eclamptic group (pv0.001), but all groups
showed a significant fall (p¡0.05) in BP during sleep.

Inspiratory flow limitation is common during sleep in patients with pre-eclampsia,
which may have implications for the pathophysiology and treatment of this disorder.
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Obstructive sleep apnoea syndrome (OSAS) affects
¡4% of middle-aged and older males, but epidemio-
logical data indicate that the condition is much less
common in females of childbearing age [1, 2]. How-
ever, snoring has been reported to be particularly
common in pregnant females [3, 4], and particularly so
in those with pre-eclampsia [4]. These findings raise
the possibility that disordered breathing during sleep
may be more common in pregnancy, and particularly
among females with pre-eclampsia. Since OSAS has
been identified as an independent risk factor for the
development of hypertension [5, 6], it is possible that
occult disordered breathing during sleep may be a risk
factor to the development of pregnancy-related hyper-
tension, including pre-eclampsia.

Pre-eclampsia is a common complication of preg-
nancy [7], but its aetiology and pathophysiology are
poorly understood [8, 9]. Recent evidence has emerged
that inspiratory flow limitation is common in patients
with pre-eclampsia and that short-term relief of flow
limitation by nasal continuous positive airway pres-
sure (nCPAP) is associated with a reduction in
nocturnal blood pressure (BP) levels in these patients
[10]. However, no previous report has compared the
prevalence of objective sleep-related breathing abnor-
malities between females with pre-eclampsia and
normal, pregnant females. The authors performed
such a study by prospectively studying breathing and

oxygenation during sleep in a group of pregnant
females, and comparing those with normal pregnan-
cies to those suffering from pre-eclampsia.

Methods

A case control prospective study involving 75
subjects was performed. Sixty pregnant females
attending a University Maternity Hospital were
enrolled, 15 normal females from each trimester of
pregnancy and 15 females with pre-eclampsia. Pre-
eclampsia was diagnosed according to standard
clinical criteria, namely a resting BP w140/90 mmHg
together with a 24-h urinary protein level w0.3 g.
Furthermore, each patient with pre-eclampsia had
shown a rise in diastolic pressurew15 mmHg or a rise
in systolic pressure w30 mmHg compared to their
initial presentation in the first trimester. None of the
pre-eclamptic patients had pre-existing hypertension.
Fifteen normal, nonpregnant females of similar age
and body mass index (BMI) were also enrolled to
serve as control subjects. All subjects selected fulfilled
the following inclusion criteria: 1) aged 19–39 yrs; 2)
of normal or corresponding age for the stage of
pregnancy; and 3) no known history of sleep apnoea
or other sleep disorder prior to pregnancy. Case
subjects were approached via selective sequencing
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from the antenatal clinic and ward list. Control
subjects were obtained by selective sequencing from
the student population of the Medical School.

All subjects underwent overnight limited sleep
studies between 22:00 and 08:00 h in a specially desig-
nated single room of the hospital. This environment
ensured a similar environment for all subjects, and
also minimized sleep disturbance due to extraneous
noise. Sleep studies were performed using a commer-
cial device (Autoset Portable II PlusTM, ResMed,
Sydney, Australia), which provides continuous moni-
toring of respiration, respiratory effort, body position
and arterial oxygen saturation (Sa,O2) by means of
nasal cannulae and abdominal belts attached to the
subject, in addition to a pulse oximeter. The Autoset
device enables the differentiation of central and
obstructive apnoea and hypopnoeas, and also gives
an index of inspiratory flow limitation, referred to as
the flattening index [11]. This index gives a measure of
inspiratory flow limitation that is derived from the
relationship of inspiratory flow to inspiratory dura-
tion. Previous reports have shown that a flattening
indexv0.15 indicates significant flow limitation, which
can be relieved by nCPAP [11], and this was the thre-
shold used in the present report to define significant
inspiratory flow limitation. The Autoset device has
also been shown to compare well with full polysomno-
graphy in the identification of apnoea and hypopnoea
frequency during sleep [12, 13]. The Autoset was
calibrated by a computer set in the diagnostic mode
and provided continuous breath-by-breath recordings
of nasal ventilation, abdominal respiratory effort,
Sa,O2, heart rate, snoring level, flattening index,
apnoeas, hypopnoeas, respiratory irregularities, and
body position. The data were downloaded onto a
personal computer, and the differentiation of central
and obstructive apnoeas was made by comparing each
episode of apnoea with abdominal respiratory effort.
The persistence of respiratory effort in the presence of
apnoea or hypopnoea indicated an obstructive event.
With this device, hypopnoea is defined as a decrease in
ventilationw50% for ¢10 s and apnoea as a decrease
in ventilation w75% [12, 13]. Records were reviewed
by an experienced sleep technician to improve accuracy
of interpretation. Periods of technical artefact were
excluded from the analysis.

Each subject also had overnight BP monitoring on
the same night, using an ambulatory device that
provided hourly BP readings via an automatically
inflated arm cuff (Spacelabs Inc., Redmond, WA,
USA). BP recordings were taken in bed for 1 h
presleep (before the bedroom light was switched off),
during the sleep period time and for 2 h in bed after
sleep. The data were downloaded onto a computer.
The choice of hourly readings was a compromise
between the need to gain adequate information on BP
changes during sleep and the desire to minimize sleep
disturbance from the inflation of the arm cuff [14].
Awake BP levels in pre-eclamptic patients were cal-
culated as the mean of 4-hourly resting awake BP
recordings taken during the daytime while in hospital.

Statistical analysis was performed using analysis of
variance (ANOVA) and paired t-testing as appro-
priate. The Rotunda Hospital Ethics Committee
approved the study protocol and all subjects gave
written informed consent. p-Valuesv0.05 were regarded
as statistically significant and data are presented as
mean¡SD.

Results

All subjects completed the protocol, and anthropo-
metric and other clinical details of the study popula-
tion are given in table 1. Subjects in each group were
of similar age, and control subjects were of a similar
BMI as subjects in the first trimester. As would be
expected, patients in the third trimester and those with
pre-eclampsia were heavier than other groups. Pre-
eclamptic patients were of similar gestational age
(mean 255 days) as normal third trimester subjects
(mean 244 days).

Apnoeas and hypopnoeas were infrequent in all
categories during sleep, although central apnoeas were
slightly more frequent in the control and first trimester
groups. Details of inspiratory flow limitation, as
determined by the flattening index, are also given in
table 1, which demonstrates that patients with pre-
eclampsia spent almost one-third of the sleep period
time with evidence of inspiratory flow limitation, in
contrast to 15% in normal third trimester females, and
v5% in the other three groups (p=0.001 by ANOVA).

Table 1. – Anthropometric and sleep-related details of the five study groups

Variable Study group p-value

Control T1 T2 T3 PET

Age yrs 24.5¡1.2 26.0¡2.4 25.5¡2.1 26.4¡3.2 28.0¡2.3 0.37
BMI 21.8¡1.4 22.1¡1.3 25.0¡1.7 28.5¡1.8 31.0¡1.3 v0.001
Total apnoeas 1.3¡0.2 2.3¡0.3 1.3¡0.3 1.4¡0.4 2.6¡0.5 0.14
Obstructive apnoeas 0.05¡0.02 0.8¡0.3 1.1¡0.3 1.2¡0.5 1.7¡0.5 0.29
Central apnoeas 1.3¡0.3 1.5¡0.5 0.2¡0.1 0.2¡0.1 0.9¡0.3 0.015
Hypopnoeas 0.2¡0.1 0.1¡0.1 0 0 0.3¡0.2 0.5
Flattening index %SPT 1.6¡0.3 3.7¡0.4 4.6¡0.8 15.5¡2.3 31.0¡8.4 0.001
Sa,O2 v95% %SPT 5.3¡1.2 5.6¡2.1 5.4¡0.7 16.2¡2.9 16.7¡3.8 0.06

Data are presented as mean¡SD unless otherwise stated. BMI: body mass index; %SPT: per cent sleep period time; T1: first
trimester; T2: second trimester; T3: third trimester; PET: pre-eclamptic toxaemia; Sa,O2: arterial oxygen saturation. p-Values
refer to analysis of variance (ANOVA) comparing the five subgroups.
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In addition, patients in the third trimester and those
with pre-eclampsia tended to spend more time with
Sa,O2 v95% than other groups (table 1). The greater
proportion of time spent with evidence of inspiratory
flow limitation in the pre-eclamptic group was not a
reflection of body position since this group spent less
time in the supine position than subjects without pre-
eclampsia (fig. 1).

Details of BP changes are given in table 2. As would
be expected from the patient populations, both

systolic and diastolic pressures were significantly
higher in the pre-eclamptic group (pv0.001, by
ANOVA). Diastolic BP fell significantly (p¡0.05) in
all groups during sleep, compared to when awake, and
systolic pressure fell during sleep in all pregnant
groups, but not in controls. The hourly changes in
systolic and diastolic pressures for the pre-eclamptic
group are given in figure 2. Data for the patients with
pre-eclampsia are given in table 3. These data show
that the degree of inspiratory flow limitation did not
correlate with the severity of hypertension, age, ges-
tational age or BMI.

Discussion

The present data indicate that inspiratory flow
limitation during sleep is common among females
with pre-eclampsia in contrast to females with normal
pregnancies. These findings suggest a possible rela-
tionship between disordered breathing during sleep
and pre-eclampsia, but do not allow the authors to
determine whether this finding is a causative factor or
simply a consequence of the development of pre-
eclampsia. The generalized oedema that is associated
with pre-eclampsia [7, 8] could conceivably cause
narrowing of the upper airway and thus, predispose
to inspiratory flow limitation, thereby favouring a
secondary association. However, previous reports
have indicated that the development of snoring in
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Fig. 1. – Proportion of sleep period time spent in different body
positions (h: back; E: front; r: left; F: right). CTL: control
patients; T1: subjects in first trimester; T2: subjects in second
trimester; T3: subjects in third trimester; PET: pre-eclamptic
toxaemia patients.

Table 2. – Blood pressure (BP) in the five study groups

Variable Study group p-value

Control T1 T2 T3 PET

Systolic BP* 118¡8.6 122¡6.2 118¡5.2 120¡7.2 152¡5.8 v0.001
Systolic BP# 116¡8.2 118¡9.1 116¡6.2 116¡10.2 134¡5.7 v0.001
Diastolic BP* 77¡6.6 74¡6.7 71¡7.2 77¡5.2 96¡3.2 v0.001
Diastolic BP# 68¡8.4 67¡8.3 62¡5.2 64¡5.8 76¡6.1 v0.001

Data are presented as mean¡SD unless otherwise stated. T1: first trimester; T2: second trimester; T3: third trimester; PET:
pre-eclamptic toxaemia. *: awake. #: asleep. p-Values refer to analysis of variance (ANOVA) comparing the five subgroups.
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Fig. 2. – Hourly changes in systolic (h) and diastolic (F) blood pressures in pre-eclamptic subjects. Data are mean¡SD. Pre1 and Pre2:
values before sleep; Post1 and Post2: values after waking; Awake: values representing the mean of 4-hourly readings taken during the day
while in hospital. Changes between awake and sleep are significant (p=0.001) for both systolic and diastolic pressures.
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pre-eclampsia predates clinical manifestations of the
disorder [4], which has been proposed as supportive
evidence that snoring contributes to the development
of pre-eclampsia. Support for a causative association
comes from the recent report of EDWARDS et al. [10]
who similarly demonstrated inspiratory flow limita-
tion during sleep among a group of 11 patients with
pre-eclampsia. These authors reported that abolition
of inspiratory flow limitation by autosetting positive
airway pressure over a single night resulted in sig-
nificant reductions in BP during sleep.

The pathogenesis and mechanisms of pre-eclampsia
are not well understood, but a generalized endothelial
cell dysfunction is widely accepted to be a central
feature [7–9]. Current concepts suggest that the
pathogenesis relates to an imbalance of increased
oxidative stress and lipid peroxidation, coupled to a
deficiency of antioxidant protection, and also linked
to impairment in placental perfusion. Interestingly, a
number of maternal factors have been reported to
increase the likelihood of developing pre-eclampsia
[9], including obesity, insulin resistance, hypertension,
and elevated plasma homocysteine levels. Several of
these factors are also associated with the development
of OSAS [15].

None of the subjects, including those with pre-
eclampsia, showed evidence in sleep studies of a
clinically significant sleep apnoea syndrome. The res-
piratory abnormality detected during approximately
one-third of the night in pre-eclamptic patients is an
indicator of flow limitation in the upper airway, and it
has been proposed as an indicator of partial upper
airway obstruction [11, 16–18]. Episodic inspiratory
flow limitation without apnoeas or hypopnoeas can be
associated with a clinical syndrome similar to OSAS,
referred to as the upper airway resistance syndrome
(UARS) [19], which may also respond to nCPAP
therapy. However, the pattern of respiratory abnor-
mality in UARS is one of transient episodes of inspir-
atory flow limitation, often terminated by arousal. In
contrast, most of the patients demonstrated prolonged
episodes of inspiratory flow limitation lasting several
minutes (table 3).

The pathophysiological basis of inspiratory flow

limitation cannot be determined precisely from the
present study. This type of breathing pattern has been
reported to occur in slow wave sleep, which has been
reported to be increased in patients with pre-eclampsia
[20] and can also be seen in the presence of loud
snoring. Mouth-breathing can sometimes produce a
breathing pattern on the Autoset device that could be
mistaken for inspiratory flattening, but this can
usually be distinguished from true inspiratory flow
limitation by visual inspection of the original tracing,
and was not the case in the present study.

Sleep staging was not performed during the sleep
studies, and, therefore, the authors cannot comment
on the stages of sleep in which inspiratory flow
limitation occurred, nor can the authors be confident
that patients slept for all of the sleep period time.
Efforts were made to minimize the latter problem by
asking patients to indicate with a buzzer, periods
when they were consciously awake, which at least
allowed the authors to exclude periods of obvious
wakefulness. Furthermore, all subjects were observed
by one of the investigators throughout the night. The
patients with pre-eclampsia in the present study
showed a fall in both systolic and diastolic BP levels
during sleep, which is in contrast to some other
reports that have demonstrated a rise, particularly in
patients with severe pre-eclampsia [21, 22]. It is very
unlikely that this difference could have biased the
presented findings towards an increased incidence of
sleep-related breathing disturbance in the pre-eclamptic
group. The normal circadian pattern of BP variability
is of a fall during sleep, whereas several reports have
demonstrated a rise in BP during sleep in patients with
sleep apnoea syndrome [6, 23]. Thus, it could be
argued that a pre-eclamptic group of patients that
showed a rise in BP during sleep might be even more
likely to be associated with evidence of inspiratory
flow limitation during sleep. The degree of blunting of
the normal circadian variation in BP among patients
with pre-eclampsia appears to be related to the severity
of the disorder [24], and those patients with an
elevated nocturnal BP are likely to be the most severe.

The authors conclude that inspiratory flow limita-
tion is common during sleep in females with

Table 3. – Individual results in patients with pre-eclampsia

Variable Patient number Mean¡SD

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Age yrs 26 34 19 25 25 25 31 29 33 25 29 23 30 31 36 28¡2.3
Gestational age days 271 209 264 280 186 292 266 203 263 292 280 276 222 263 259 255¡33
BMI kg?m-2 34 28 32 34 30 33 32 33 32 33 32 30 29 24 30 31¡1.3
IFL %SPT 33 47 11 63 50 7 14 18 22 38 10 27 41 38 48 31¡8.4
IFL event duration min 1.16 1.96 0.53 1.69 4.26 0.8 1.29 1.32 3.16 2.24 0.74 1.67 2.04 2.52 4.34 1.98¡1.17
Awake BP systolic mmHg 149 157 145 160 159 143 156 151 148 161 156 152 153 144 150 152¡5.8
Awake BP diastolic mmHg 98 91 93 95 90 96 98 99 91 98 96 92 90 93 97 96¡3.2
Proteinuria g?24 h-1 0.4 0.4 0.35 0.4 1.2 1.0 0.5 0.45 0.6 0.75 1.0 0.85 0.35 0.3 0.5 0.6¡0.3
Antihypertensive Rx

labetolol 200 mg
Y N Y N N Y N Y Y N N Y Y Y Y

BMI: body mass index; IFL: inspiratory flow limitation; %SPT: per cent sleep period time; BP: blood pressure; Rx: therapy;
N: no; Y: yes.

675INSPIRATORY FLOW LIMITATION IN PRE-ECLAMPSIA



pre-eclampsia in contrast to normal pregnant females.
These findings may have implications for the patho-
physiology and treatment of this disorder.
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