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Abstract
Links between supine “going to sleep” position and stillbirth risk have led to campaigns regarding safe maternal sleep position. This study profiles 

the distribution of sleep positions overnight and relationships to sleep onset position during pregnancy, and the relationships between supine sleep, 

sleep-disordered breathing (SDB), and pregnancy outcomes. Data from three prospective cohort studies evaluating SDB in healthy and complicated 

pregnancies were pooled. All participants underwent one night of polysomnography in late pregnancy and birth outcome data were collected. 187 

women underwent polysomnography at a median gestation of 34 weeks'. The left lateral position was preferred for falling asleep (52%) compared to 

supine (14%), but sleep onset position was the dominant sleep position overnight in only half (54%) of women. The median percentage of sleep time 

in the supine position was 24.2%; women who fell asleep supine spent more time supine overnight compared to those who began non-supine (48.0% 

(30.0,65.9) vs. 22.6% (5.7,32.2), p < .001). Women with growth-restricted fetuses were more likely to fall asleep supine than those with well-grown fetuses 

(36.6% vs. 7.5%, p < .001). Positional SDB was observed in 46% of those with an RDI ≥ 5. Sleep onset position was the dominant position overnight for 

half of the sample, suggesting that sleep onset position is not always a reliable indicator of body position overnight. Supine sleep was related to fetal 

growth restriction and birthweight at delivery, though causality cannot be inferred. It is critical that we pursue research into verifying the important 

relationship between supine sleep and increased stillbirth risk, and the mechanisms behind it.
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Statement of Significance

Self-reported sleep onset position has been identified as a risk factor for stillbirth, but objective measures of this relationship are lacking. 
Within a large cohort of pregnant women with full polysomnography, we have demonstrated that sleep onset position is not representative 
of overnight sleep position for many pregnant women, and that the proportion overnight of sleep spent supine may be related to birth-
weight. Supine sleep may be more comfortable for those with smaller fetuses, and so this relationship may be bidirectional, and warrants 
further clarification. Further work is needed to validate the relationship between supine sleep and stillbirth risk and better understand the 
mechanisms of action, although this will be challenging given the low prevalence of stillbirth.
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Introduction

Sleep position has become increasingly recognised as a risk 
factor for poor fetal outcomes, including stillbirth and reduced 
fetal growth [1–3]. A  recent meta-analysis of five case-control 
studies revealed that retrospective self-report of going to sleep 
in the supine position increases the odds of late stillbirth by 2.6 
times, and that adoption of a lateral sleep onset position could 
potentially lead to a 5.8% reduction in these tragic occurrences 
[1]. A proposed mechanism behind increased stillbirth risk with 
supine sleep is compression of the inferior vena cava by the en-
larged uterus, leading to decreased maternal cardiac output [4]. 
Consequently, the Centre of Research Excellence in Stillbirth has 
recently put together a bundle of care to be implemented and 
evaluated across maternity services in Australia, with similar 
campaigns in other countries including the United Kingdom 
and New Zealand [5, 6]. The “Safer Baby Bundle” focuses on five 
care elements, including improving awareness of maternal safe 
sleeping position in late pregnancy [7].

Significant unavoidable limitations of the studies relating 
sleep-onset position to increased stillbirth risk include a lack 
of maternal sleep position validation and retrospective recall 
of sleep-onset position after the occurrence of stillbirth, po-
tentially leading to recall bias [8]. The correlation between self-
report and video-determined sleep position is only moderate 
[9], and position on “waking up” is poorly recalled [10]. These 
studies measure sleep onset position, which is the only avail-
able surrogate for overall sleep duration in a given position, yet 
biologically it makes sense that position- and position change- 
throughout the night may be a better measure of risk. A  few 
small studies have objectively measured that more than 80% 
of pregnant women spend time sleeping supine [11], with the 
overall proportion of sleep time in the supine position ranging 
from 9.5% to 26.5% [11, 12]. However, we do not know how re-
flective “going to sleep” position is of sleep behaviour for the 
whole night, which is important given the physiological ra-
tionale of supine positioning causing inferior vena cava com-
pression leading to fetal compromise.

In the non-pregnant population, supine sleep position is as-
sociated with increased severity of sleep-disordered breathing 
(SDB), mostly due to gravitational forces collapsing the upper 
airway and reduced lung volume [13]. One study has demon-
strated that this is also the case during pregnancy, although 
the magnitude of the supine position-related increase in SDB 
severity was small [14]. SDB during pregnancy has been linked 
with a series of unfavourable outcomes for mother and baby 
including preeclampsia, gestational diabetes, with some studies 
demonstrating reduced fetal growth [15–17] but not others [18, 
19]. Sleep-related breathing disorders may thus be another 
plausible mechanism by which supine sleep position contrib-
utes to maternal and fetal morbidity.

The polysomnography (PSG) data that we have collected 
from three cohort studies looking at maternal sleep and fetal 
wellbeing allowed a large-scale analysis of objectively meas-
ured sleep position during late pregnancy. The aim of this ana-
lysis was to examine typical sleep positions overnight during 
late pregnancy and how they relate to sleep onset position, 
with a focus on supine sleep. Secondly, this study evaluated 
the relationships between supine sleep position, degree of 
SDB, and birth outcomes in complicated and uncomplicated 
pregnancies.

Methods

Participants

These data are from three prospective cohort studies 
investigating SDB during (1) healthy pregnancy [16], (2) preg-
nancies complicated by fetal growth restriction with BMI- and 
gestation-matched controls [20], and (3) hypertensive disorders 
of pregnancy (including gestational hypertension, preeclampsia, 
and chronic hypertension) with BMI- and gestation-matched 
healthy controls [21], between 2009 and 2018. The protocol for all 
three studies contained one night of PSG conducted in the same 
manner in the latter stages of pregnancy. All participants were 
recruited from antenatal outpatient clinics or as inpatients. 
Multiple pregnancy, those with already diagnosed sleep dis-
orders, and those less than 18  years old were excluded. The 
Human Research Ethics Committees at Austin Health, Mercy 
Hospital for Women and University of Melbourne approved the 
studies and written informed consent was obtained from all 
participants.

Procedures

Basic demographic and obstetric data were collected at re-
cruitment to the studies. This included maternal age, parity, 
gestation, and relevant comorbidities including hypertensive 
disorders of pregnancy, fetal growth restriction, and gestational 
diabetes [22]. Hypertensive disorders of pregnancy encom-
passed (1) gestational hypertension, defined as the new onset of 
hypertension after 20 weeks gestation; (2) preeclampsia, defined 
as new hypertension after 20 weeks gestation accompanied by 
one or more of proteinuria, other maternal organ dysfunction, or 
uteroplacental dysfunction; (3) chronic hypertension, known be-
fore pregnancy or present in the first 20 weeks of gestation, and 
(4) superimposed preeclampsia, diagnosed when one or more 
systemic features of preeclampsia occur after 20 weeks gesta-
tion in addition to pre-existing hypertension [23]. Fetal growth 
restriction was defined using the ultrasound Delphi consensus 
criteria [24] (based on estimated fetal weight or abdominal cir-
cumference <3rd centile, or estimated fetal weight or abdom-
inal circumference <10th centile with abnormal fetoplacental 
Dopplers on ultrasound). Following delivery, birth outcomes 
including gestation, birthweight, and birthweight centile (cus-
tomised for maternal BMI, ethnicity, parity, fetal sex, and gesta-
tion) were recorded.

All participants underwent overnight full PSG. Attended over-
night PSG was conducted in the Austin Health sleep laboratory 
using the Compumedics E series (Abbotsford, Victoria, Australia), 
or if preferred, unattended in the participant’s home with the 
Somté PSG V1 (Compumedics) portable sleep-monitoring de-
vice. Inpatients were studied using the portable device. For 
both attended and unattended PSG, signals recorded included 
electroencephalogram (EEG), electrooculogram (EOG), electro-
myogram (EMG), electrocardiogram (ECG), arterial oxygen satur-
ation, thoracic and abdominal respiratory effort via inductance 
plethysmography, nasal airflow measured via nasal cannula, 
oronasal thermistor, leg movements, snoring and body position 
at the level of the chest. For attended in-laboratory studies the 
4-position sensor (left, right, supine, prone) was taped centrally 
to the thoracic band, and position was verified via digital infrared 
video. For unattended studies, the patient input box (PIB) has 
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an internal 4-position sensor, with the PIB placed on the thor-
acic band centrally located over the sternum. Participants were 
not given specific instructions regarding which body positions 
to sleep in as these studies predated public health messaging 
regarding side sleeping in pregnancy, but if asked were told to 
sleep as “normally” as possible. Sleep, arousals, and respira-
tory events were staged as per the American Academy of Sleep 
Medicine (AASM) criteria [25], with the number of apneas and/or 
hypopneas per hour of sleep calculated as the apnea/hypopnoea 
index (AHI). The addition of respiratory event related arousals 
(RERAs) per hour to the AHI was expressed as the respiratory 
disturbance index (RDI). The oxygen desaturation index was 
defined as the number of arterial oxygen desaturations of ≥3% 
from baseline per hour of sleep (ODI 3%). BMI at the time of the 
sleep study was also recorded. Sleep onset was defined as the 
first epoch of any stage of sleep and waking position was defined 
as the body position at the last sleep offset for the sleep study. 
Settling into bed position was defined as the position at the time 
of lights out, when the participant first attempted to go to sleep.

Statistical analysis

All statistical analyses were performed with Stata 16.0 
(StataCorp LP, College Station, TX). Data are given in means 
with standard deviations (M ± SD) or median and interquartile 
range (Mdn (IQR)) for non-normally distributed variables. Due to 
total sleep time spent in the supine and prone positions being 
skewed, Mdn (IQR) was used for all position data for consistency. 
A two-sided p value of less than .05 was considered to indicate 
statistical significance.

Group comparisons were made with Pearson’s chi-squared 
test of independence for categorical variables, independent 
t-tests for normally distributed continuous variables, and Mann–
Whitney U tests for non-normally distributed continuous vari-
ables. The percentage of sleep in the left, right, supine and prone 
position across the women with fetal growth restriction and 
appropriate for gestational age (birthweight centile > 10th cen-
tile) fetuses was compared using four separate Mann–Whitney 
U tests with Bonferroni adjustment for multiple comparisons (p 
< .05/4 = .0125 indicates statistical significance). Supplementary 
analyses were performed across pregnancy groups and sleep 
study locations with analysis of variance with post-hoc pair-
wise comparisons (Bonferroni) or with Kruskal–Wallis with 
Dunn’s Test for pairwise comparisons. Position-based compari-
sons for SDB indices were made with Wilcoxon signed rank 
sum tests, with the results displayed with box and whisker 
plots. Participant numbers for these comparisons were limited 
to those who had both supine and non-supine sleep sampled. 
Gestational diabetes data were only available for 176 partici-
pants, as 11 women did not have a glucose tolerance test.

Linear regression was used to assess the univariate rela-
tionships between supine sleep onset and percentage of total 
sleep time (%TST) in supine and right lateral sleep and birth 
outcomes, with multiple regression used to control for the influ-
ence of fetal growth restriction and inpatient status at the time 
of the sleep study. Multiple regression was also used to adjust 
for gestational age in the relationship between fetal growth re-
striction and supine sleep onset and %TST supine. To meet ana-
lysis assumptions, data were transformed prior to analysis as 
follows: due to positive skewness, %TST supine sleep and birth-
weight centile were square root transformed; due to negative 

skewness, birthweight was reflected and then square root trans-
formed and delivery gestation was reflected and then log trans-
formed. The relationship between SDB and birth outcomes was 
assessed with Spearman’s rank order correlations.

Results

Participants

A total of 187 polysomnograms were performed at a median 
gestational age of 34.1 (31.0, 36.6) weeks. At the time of the sleep 
study, the average age of the participants was 33.1 ± 5.0 years 
with an average BMI of 34.7  ±  7.4  kg/m2. A  breakdown of the 
number of participants by pregnancy type (uncomplicated, fetal 
growth restriction, hypertensive disorders of pregnancy, and 
gestational diabetes) is shown in Figure 1. Forty (21.4%) studies 
were performed within the sleep laboratory, 32 were performed 
on inpatients with complicated pregnancies (12 with fetal 
growth restriction, 8 with a hypertensive disorder, and 12 with 
both conditions), with the remaining 115 unattended at home. 
One participant with severe early onset fetal growth restriction 
had a fetal death in utero at 27 weeks’ gestation.

Typical sleep positions in pregnancy

The left lateral position was the preferred position for both set-
tling into bed and falling asleep. Only 14% of the women went 
to sleep in the supine position. However, at waking there was an 
approximately even spread across supine and both lateral posi-
tions (Table 1). Forty (21.4%) of the pregnant women fell asleep 
in a different position to that in which they first settled to bed. 
More than half (59.9%) of the women woke in a different pos-
ition to how they fell asleep.

The key sleep architecture and sleep position data are de-
scribed in Table 2. The percentage of total sleep time (TST) was 
split evenly for the left and right lateral positions, with a median 
of 24.2% of TST spent in the supine position (Table 2). The per-
centage of time in the supine position in both sleep and wake 
across the whole night was slightly greater than during sleep 
only but not significantly so (24.9% (10.2, 39.4), p = .054), with an 
absolute median difference of 2.1% (0.9, 4.6) between the two 
measures. Body position during the night changed frequently, 
with an average of 9.7 body re-positionings, and most women 
got out of bed at least once during the night.

Sleep onset position was the dominant sleep position for the 
entire night in just over half (54%) of the sample, with women 
spending an average of 44.5% of their time in their sleep onset 
position. Once asleep, women on average spent less than an 
hour in their initial sleep onset position before moving. Women 
who began in the non-supine position spent less TST in the su-
pine position for the rest of the night than those who fell asleep 
in the supine position (22.6% (5.7, 32.2) vs. 48.0% (30.0, 65.9), p < 
.001; Figure 2). The amount of supine sleep overnight was highly 
variable regardless of sleep onset position (Figure 2).

Similar to sleep onset position, pregnant women spent 45.0% 
(SD = 21.9) of TST in the position they awoke in at sleep offset, 
with wake position being the dominant sleep position for 98 
(52.4%) women. For the third of women who woke up in the su-
pine position at the end of the night, the %TST spent in the su-
pine position was greater than those who woke in a non-supine 
position (32.4% (23.2, 53.6) vs. 17.3% (2.4, 31.7), p < .001).
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Sleep position in high-risk pregnancies

The patterns of sleep onset position, sleep architecture, and the 
distribution of sleep positions overnight were similar across the 
uncomplicated pregnancies and those with hypertensive dis-
orders or gestational diabetes (See Supplemental Tables S1 and 
S2). However, women with growth-restricted fetuses (including 
those with a comorbid hypertensive disorder) had significantly 
different sleep onset positions compared to those with appro-
priate for gestational age fetuses (X2 (3) = 23.70, p < .001, Figure 3, 
a). Specifically, women with fetal growth restriction were much 
more likely to fall asleep in the supine position, whereas left lat-
eral was the preferred position for women with appropriate for 
gestational age fetuses. The association between supine sleep 
onset and fetal growth restriction remained after adjusting for 
gestation at the time of the sleep study (p < .001). In addition, 
women with fetal growth restriction spent more time overnight 
in the supine position (%TST = 32.8% (20.5, 49.7) vs. 22.6% (5.6, 
33.7), p = .002, Figure 3, b), however this was no longer significant 
after adjusting for gestational age at the time of the sleep study 
(p = .059).

Women having an inpatient PSG were more likely to go to 
sleep in the supine position (10/32 = 31.3%) compared to women 
having a home-based PSG (14/115 = 12.2%) and lab-based PSG 
(2/40  =  5.0%, p  =  .004). This was due to the pregnant women 
with a hypertensive disorder having a higher likelihood of su-
pine sleep onset as an inpatient compared to at home (37.5% vs. 
6.1%, p = .02) rather than the women with fetal growth restric-
tion (supine sleep onset as an inpatient vs. at home = 29.2% vs. 
53.9%, p = .14). There was also a significantly higher proportion 
of TST spent in the supine body position for women having their 
PSG as an inpatient (31.7% (21.7, 50.3)) versus those having their 

study in the lab (21.8% (6.5, 34.3) or at home (22.6% (6.3, 36.9), 
p = .03). This was again driven by more supine sleep in the in-
patients with hypertensive disorders of pregnancy rather than 
the inpatients with fetal growth restriction (See Supplementary 
Table S3), suggesting that the relationship between fetal growth 
restriction and supine sleep is not mitigated by PSG location.

Sleep position and sleep-disordered breathing

Overall, 81 (43.3%) women in the sample had an RDI ≥ 5, with 
an average RDI of 4.2 (2.2, 7.8). The RDI (Figure 4), AHI and 
ODI 3% were higher in supine compared to non-supine sleep 
(AHI = 5.5/h (2.0, 13.6) vs. 2.6/h (1.1, 6.3), p < .001; ODI3% = 1.2/h 
(0.0, 5.0) vs. 0.8/h (0.0, 3.3), p = .002). Similarly, the arousal index 
was higher during supine sleep (22.2/h (15.2, 33.4) compared to 
non-supine sleep (16.4/h (12.3, 23.2); p < .001). After controlling 
for the proportion of supine sleep that occurred during REM 
sleep (when respiratory events are more likely), the overall RDI 
significantly increased with higher amounts of supine sleep 
(β  =  0.22, t(184)  =  2.61, p  =  .01). Of those who had an RDI ≥ 5 
overall, almost half had supine based SDB (43.2%, defined as a 
supine RDI > 2x non-supine RDI) [26, 27].

Supine sleep was also related with a higher RDI compared 
to non-supine sleep within the uncomplicated pregnancies, the 
fetal growth restriction with or without a hypertensive disorder 
group, and the hypertensive disorders of pregnancy group, but 
not for women with gestational diabetes (Supplementary Figure 
S1). The prevalence of supine based SDB for those with an RDI ≥ 
5 overall was similar across all groups (uncomplicated pregnan-
cies = 44.8%, fetal growth restriction with or without a hyperten-
sive disorder group = 45.0%, hypertensive disorders of pregnancy 
group = 42.3%, gestational diabetes group = 33.3%; p = .96).

Sleep position and birth outcomes

Supine sleep onset was significantly related to birthweight 
(p = .017) and birthweight centile (p = .001), but not gestational 
age at birth (p =  .28). These outcomes are known to be closely 
related to the diagnosis of fetal growth restriction; and these 
women were more likely to have supine sleep onset. After con-
trolling for fetal growth restriction, supine sleep onset was not 
related to any birth outcome (all p > .40).

Table 1. Comparison of settling to bed, sleep onset, and final wake 
positions

Position Settling Sleep onset Wake 

Supine 38 (20.3%) 26 (13.9%) 59 (31.6%)
Left 93 (49.7%) 97 (51.9%) 68 (36.6%)
Right 52 (27.8%) 60 (32.1%) 57 (30.7%)
Prone 4 (2.1%) 4 (2.1%) 3 (1.6%)

Note. Values given a n (%).

Figure 1. Number of participants with uncomplicated or complicated pregnancies.

http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac032#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac032#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac032#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac032#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac032#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac032#supplementary-data
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Women with higher levels of supine %TST on the sleep study 
delivered their babies earlier (p = .005), had smaller birthweights 
(p < .001) and lower birthweight centiles (p = .004; Table 3). After 
controlling for fetal growth restriction and inpatient status 
(women who may be more likely to have adverse outcomes), the 
relationships between supine sleep and delivery gestation, and 
supine sleep and birthweight centile were no longer significant 
(p = .23 and p = .16 respectively), however increased levels of su-
pine sleep were still associated with lower absolute birthweights 
(p =  .02). The percentage of sleep time in the right lateral pos-
ition overnight was not related to any birth outcome (all p > .15). 
In terms of SDB, there were no significant correlations between 
RDI and birth outcomes among all participants (all p > .13) nor 
within the pregnancies affected by fetal growth restriction (all p 
> .3; see Supplementary Table S4).

Discussion
This is the largest study to date that has utilised objective meas-
ures to describe sleep position during pregnancy. Most pregnant 
women settle in bed and fall asleep in a lateral position, with 
the left side preferred. However, 14% of women were supine at 
sleep onset and a quarter of sleep time across the whole sample 
was in the supine position. Body position at sleep onset was the 
dominant position across the entire night for only half of the 

sample, meaning that sleep onset position is not representative 
of overnight sleep behaviour for almost half of pregnant women. 
However, it is noteworthy that those who settled non-supine 
had less total sleep time in the supine position. Women with a 
growth restricted fetus were much more likely to fall asleep in 
a supine position and stay in that position overnight compared 
to women with a healthy pregnancy. Furthermore, a preference 
for supine sleep was associated with lower infant birthweight. 
Supine sleep positioning resulted in higher indices of SDB, with 
positional SDB common during pregnancy.

Table 2. Sleep architecture and sleep position during late pregnancy

 Average Range 

Total sleep time (min) 378.9 ± 76.7 155.5–594.5
Sleep efficiency (%) 78.8 ± 10.4 40.9–96.9
Sleep latency (min) 11.0 (5.5, 20.5) 0.5–195.5
%TST N3 31.5 ± 12.5 2.0–84.9
%TST REM 15.6 ± 6.1 0.0–30.1
%TST in position
 Supine 24.2 (7.4, 40.3) 0.0–100.0
 Left 36.1 (22.6, 48.6) 0.0–98.9
 Right 35.6 (18.2, 49.4) 0.0–100.0
 Prone 0.0 (0.0, 0.0) 0.0–59.4
Position changes 9.7 ± 4.6 0–27
Times out of bed 1.0 (1.0, 2.0) 0–9
Initial time in sleep onset position before repositioning (min) 51.5 (10.0, 72.5) 0.5–492.0
Overall %TST in sleep onset position 44.5 ± 20.8 (0.2–100.0)

Note. n = 187. Values given as M ± SD, Mdn (IQR) or n (%). %TST = percentage of total sleep time, REM = rapid eye movement.

Figure 2. Distribution of percentage of total sleep time spent in the supine pos-

ition for participants with supine sleep onset (n = 26) and participants with non-

supine sleep onset (n = 161). Supine sleep onset was associated with more total 

sleep time in the supine position (48.0% (30.0, 65.9) compared to those who fell 

asleep in a non-supine position (22.6% (5.7, 32.2), p < .001).

Figure 3. A comparison of pregnant women with fetal growth restriction (FGR; 

n = 41) and appropriate for gestational age (AGA) fetuses (n = 146) on A) sleep 

onset position, χ 2 (3) = 23.70, p < .001; and B) median (IQR) percentage of total 

sleep time in each position compared with separate Mann–Whitney U tests. The 

higher percentage of time spent overnight in the supine position in the FGR 

group was no longer significant after adjusting for gestational age at the time of 

the sleep study (p = .059).

http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsac032#supplementary-data
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The recent research demonstrating a relationship between 
self-reported supine sleep onset position and increased still-
birth risk has hugely important clinical implications [28–31]. 
Following these studies, an educational awareness campaign on 
healthy maternal sleep positioning during pregnancy (amongst 
other practices to reduce late stillbirth such as awareness of de-
creased fetal movements and smoking cessation) is currently 
being implemented and evaluated in maternity services across 
Australia [7, 32].

Despite this, further reinforcement of this relationship and 
research into the mechanisms of action should be pursued, as 
many questions remain [8]. Our results showed that sleep onset 
position is not representative of overnight sleeping position for 
a large proportion of pregnant women, challenging the argu-
ment made by many that the position in which women first falls 
asleep has the longest duration overnight [1, 3, 33]. This assump-
tion is based on a study of 30 pregnant women with overnight 
video recording, who maintained their position at sleep onset 
for a median of 73.5 minutes [10]. At an average of 37 weeks ges-
tation, these women may have had greater difficulty shifting 
positions. Our results demonstrated wide variability in how long 
sleep onset position was maintained, averaging 52 minutes but 
ranging from 30 s to 8 h, with only 44.5% of the night spent in 
the sleep onset position on average. We also found that 20% of 
women settled into bed supine with 14% of women initiating 
sleep in the supine position, compared to only 3.2% of women 
with livebirths recalling a supine sleep onset position in the 
meta-analysis of sleep onset position and stillbirth risk, which 
may reflect recall bias in this retrospective self-reported data [1]. 

Nevertheless, it is reassuring that non-supine sleep onset was 
associated with significantly less supine sleep overnight.

Interestingly, one-fifth of women settled to bed in one pos-
ition but actually fell asleep in another, questioning which pos-
ition pregnant women recall as their “sleep-onset” position. 
Few studies have validated perception of sleep onset position 
in the general population, however one study showed that 30% 
of the cohort incorrectly reported their body position at the 
time of lights out, suggesting that uncertainty exists even when 
recollecting position during wake [34]. Within clinical sleep 
populations, perception of supine sleep overnight has been in-
vestigated given its importance in the diagnosis and treatment 
of position-related OSA, with patient estimates of supine sleep 
duration being largely inaccurate [35] or frequently underesti-
mated [36]. During pregnancy there are also large individual 
differences in reporting accuracy of left-sided sleep position [9]. 
Only one study has looked at the accuracy of self-reported sleep 
onset position in pregnancy, with 22 out of 30 women accurately 
recalling the position they went to sleep in and only 12 out of 30 
accurately recalling wake position [10].

Potential discrepancies between “lights out” and “sleep 
onset” body position also leads to the question of whether it is 
supine position in sleep, or supine position during both sleep 
and wake overnight that matters in terms of proposed fetal risk. 
The former would indicate that some sleep specific physiology 
such as cardiovascular or upper airway changes are important, 
whereas the latter would indicate that mechanical issues such 
as inferior vena cava compression have the most impact. In this 
study, we showed minimal difference between total sleep time 
and total recording time in the supine position overnight (24.2% 
vs. 24.9%) so this question may be difficult to answer.

The presence of fetal growth restriction is among the highest 
risk factors for stillbirth [37, 38]. In this study, women with a 
growth restricted fetus were much more likely to fall asleep in 
the supine position compared to women with a healthy fetus, 
however the increased proportion of supine sleep overnight 
in this group was tempered by earlier gestational age. In turn, 
we found that women with a propensity to sleep supine were 
more likely to have smaller babies born at an earlier gestation. 
Even after controlling for fetal growth restriction and hospital 
admission for pregnancy complications, supine sleep was asso-
ciated with lower birthweight. This may be an important finding 
given that up to half of late stillbirths are unexplained [39], in 
that a specific cause (such as fetal growth restriction or SGA 
– small for gestational age; birthweight centile < 10th centile) 
cannot be identified. Similarly, a study of Ghanaian women and 

Table 3. Relationship between percentage of supine sleep and birth outcomes, with and without adjustment for fetal growth restriction and 
inpatient status

 

Delivery gestation Birthweight Birthweight centile

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

B (SE) β B (SE) β B (SE) β B (SE) Β B (SE) β B (SE) β 

%TST supine .05 (.02) .20** .02 (.01) .07 1.30 (.34) .27*** .60 (.25) .13* −.26 (.09) −.22** −.10 (.07) −.08
FGR   .52 (.09) .40***   14.73 (1.8) .52***   −3.82 (.51) −.53***
Inpatient   .48 (.10) .34***   7.09 (1.97) .23***   −1.20 (.56) −.15*
F  7.83**  48.76***  14.50***  63.37***  8.91**  42.66***
R2 (%)  4.13  44.83  7.53  51.93  4.79  42.24

*p < .05, **p < .01, ***p < .001. Model 1 = predictor of %TST supine only; Model 2 = Model 1 with adjustment for FGR and hospital inpatient at time of sleep study.

Note. Delivery gestation reflected and log transformed, birthweight reflected and square root transformed, birthweight centile square root transformed, %TST supine 

square root transformed. %TST = percentage of total sleep time, FGR = fetal growth restriction.

Figure 4. Respiratory disturbance index (RDI per hour) overall (n = 174) and in 

REM (n = 116) and NREM (n = 174) sleep for supine and non-supine body position. 

Note: extreme outliers have been removed.
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a meta-analysis of studies from Australia, New Zealand, and 
the United Kingdom found that the newborns of women who 
reported supine sleep or supine sleep onset during pregnancy 
were at increased risk of low birthweight and stillbirth [2, 3]. 
Conversely, two prospective cohort studies (n = 8706 and n = 148) 
of both self-reported and objectively measured sleep position 
found no relationship between body position and perinatal out-
comes including birthweight and stillbirth [14, 40]. A limitation 
of these studies- and our own- is the inability to ascertain dir-
ectionality to this relationship. The rationale for reduced fetal 
growth due to supine sleep relates to changes in maternal car-
diovascular and cardiorespiratory parameters, placental blood 
flow, and fetal oxygenation [41]. Specifically, the inferior vena 
cava becomes compressed by the gravid uterus in the supine 
position, leading to a reduction in cardiac output and a 44%–
85% reduction in blood flow through the inferior vena cava [4]. 
Conversely, a growth restricted fetus with a smaller uterine size 
may cause less nocturnal discomfort for the mother and there-
fore encourage more frequent adoption of a supine sleep pos-
ition. Hence, while the relationship with growth restriction and 
supine sleep is intriguing given the apparent protection of side 
sleeping for stillbirth, causality cannot be inferred based on this 
and other studies.

There is also debate as to whether lying on the right side 
is less protective than the left in regards to stillbirth risk [31]. 
Due to anatomical positioning, the enlarged uterus can exert 
greater compression on the inferior vena cava and abdominal 
aorta when the mother lies either supine or right lateral, which 
can inhibit venous return and decrease uterine blood flow [42]. 
Further, cardiac autonomic nervous activity can be significantly 
altered in the right versus left lateral position [43]. However, our 
results did not reveal any relationship between right-sided sleep 
and pregnancy complications or birth outcomes.

Both supine sleep onset and supine waking position were 
related to a higher proportion of supine sleep overnight. This 
raises the question of why a consistent relationship exists be-
tween increased stillbirth risk and reported supine sleep onset, 
but not supine position on waking [31, 44]. It may be that ma-
ternal body position at the start of the night matters more, or 
simply that recollection of sleep onset position is more reliable 
than after arousal from sleep [10]. Stone et al. [45] demonstrated 
that periods of high fetal heart rate activity were more likely 
in the early part of the night whereas a stable fetal heart rate 
indicative of quiet sleep was more likely later in the night, and 
suggested that maternal position change may affect circadian 
patterns of fetal heart rate overnight. Supine sleep alone as a 
risk factor for stillbirth is clearly neither necessary, nor suffi-
cient: many women in this, and other studies, sleep supinely 
during late pregnancy with no ill consequences. This study 
was not powered to detect an increase in the risk of such a rare 
event as stillbirth. However, it may be one important factor in 
the “triple risk” model for stillbirth proposed by Warland et al. 
[46], which suggests that an interplay of maternal factors, pla-
cental and/or fetal factors, and a stressor (such as supine sleep) 
is needed to cause unexplained stillbirth.

Unsurprisingly, all indices of SDB during pregnancy were 
significantly higher in the supine position compared to non-
supine, with an association between time spent in the supine 
position and overall RDI. Almost half of the women with SDB 
had positional SDB, regardless of pregnancy complication, a 
similar proportion to that which has been demonstrated in the 

general population [26, 47]. Supine SDB is likely attributable to 
unfavourable airway mechanics, reduced lung volume, and an 
inability of airway dilator muscles to adequately compensate as 
the airway collapses [13]. Physiological and respiratory system 
changes in pregnancy further impact on airway size and lung 
capacity, promoting breathing difficulties during supine sleep. 
Nocturnal arterial oxygen saturation is already lowered in 
pregnancy [48]; more severe upper airway compromise in the 
supine position could lead to acute and repetitive hypoxic in-
sults – having a detrimental effect on placental perfusion and 
oxygenation. Although mild degrees of SDB were not related to 
pregnancy outcomes in this study, the co-existence of position-
related SDB may be a double blow for pregnant women and the 
health of their fetus given that SDB has been associated with 
various obstetric and perinatal complications [41] and repre-
sents a further reason to advocate for lateral sleeping positions 
during the later stages of pregnancy.

Strengths and weaknesses

This study presents the largest cohort of pregnant women to 
undergo full polysomnographic analysis of sleep position and 
SDB. Given the current imperative to identify risk factors to 
reduce preventable stillbirth this study provides comprehen-
sive baseline data on the sleep behaviour of pregnant women. 
We found that the average percentage of supine sleep during 
the third trimester of pregnancy was 24%, with 14% of women 
falling asleep on their back. The data in this study were col-
lected before the Safer Baby Bundle campaign was introduced 
into maternity care and can therefore be used as a baseline to 
measure the impact of the public health messaging on sleep 
behaviour.

The use of full PSG compared to other studies using abbre-
viated devices [14, 40] enabled us to compare the magnitude of 
position-related SDB differences across REM and NREM sleep, 
and include more subtle markers of SDB associated with sleep 
fragmentation, such as RERAs. Despite a preference for un-
attended home PSG by the participants, we can be confident that 
the position sensor located within the patient input box at the 
sternum was accurate as there were no significant differences in 
position statistics to the video-confirmed in-laboratory studies. 
It is also acknowledged that like previous objective studies of 
sleep position, these findings need to be interpreted with cau-
tion given the limitations of only one night of sleep data, and the 
potential impact on sleep architecture of the measuring devices 
themselves. Data have shown that patients undergoing PSG 
may spend more time in the supine position than whilst other-
wise unencumbered [49], whereas more recent data showed 
no difference between full PSG and a less intrusive watch-like 
sleep monitoring device [50], and in fact less supine sleep for 
women undergoing PSG. Furthermore, our results are not dis-
similar from previous studies quantifying supine sleep during 
pregnancy, whether measurement was made with polygraphy 
or video recording [9, 10].

The sample in this study had a high prevalence of diabetes 
and hypertension. It is possible that women with these dis-
orders may be more susceptible to the potential hemodynamic 
consequences of supine sleep due to their vascular pathology 
at baseline. Hence the perinatal outcomes in this study that are 
linked to supine sleep may not be generalizable to the general 
low risk pregnant population.
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Unfortunately, the studies from which these data were col-
lected did not include a self-report component for sleep pos-
ition. Given the time intensive nature of conducting PSG during 
pregnancy, gathering more information on the accuracy of self-
reported sleep position during pregnancy could help guide fur-
ther protocol development in this area.

Conclusion
There is wide variation in sleep position during pregnancy, with 
body position changing frequently overnight. While lateral sleep 
position was preferred, supine sleep was still common in this study 
which predates the current public health messages advocating 
side sleeping in pregnancy. Sleep onset position was the dominant 
position throughout the night for just over half of the sample, sug-
gesting that sleep onset position may not be a reliable indicator 
for the rest of the night. Reassuringly though, non-supine sleep 
onset was associated with less overall supine sleep. Supine sleep 
onset was frequent in growth restricted pregnancies, with higher 
proportions of supine sleep overnight related to birthweight at de-
livery in adjusted analyses, although the potential bidirectional 
nature of this relationship means causality cannot be implied. 
While the association between reported supine sleep onset and 
increased stillbirth risk has important clinical implications, it is 
critical that we continue to pursue research into clarifying the na-
ture of this relationship and the mechanisms behind it.
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