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Abstract
Aims—To study the eVect of prone and
supine sleep on infant behaviour, periph-
eral skin temperature, and cardiorespira-
tory parameters to aid understanding of
why prone sleeping is associated with an
increased risk of sudden infant death syn-
drome.
Methods—Of 33 enrolled infants, 32 were
studied at 2.5 and 28 at 5 months of age. A
computer aided multichannel system was
used for polysomnographic recordings.
Behaviour was charted separately.
Results—Prone REM (active) sleep was
associated with lower frequencies of short
arousals, body movements and sighs, and
a shorter duration of apnoeas than supine
REM sleep at both ages. At 2.5 months
there were less frequent episodes of peri-
odic breathing during prone sleep in non-
REM (quiet) and REM sleep. Heart rate
and peripheral skin temperature were
higher in the prone position during both
sleep states at both ages.
Conclusions—The observation of de-
creased variation in behaviour and respi-
ratory pattern, increased heart rate, and
increased peripheral skin temperature
during prone compared with supine sleep
may indicate that young infants are less
able to maintain adequate respiratory and
metabolic homoeostasis during prone
sleep.
(Arch Dis Child 1997;76:320–324)
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Prone sleeping, overwrapping, heating of the
bedroom, and other infant care practices which
may increase body temperature are reported
risk factors for sudden infant death syndrome
(SIDS).1–4 There seems to be a causal relation
between prone sleeping and SIDS, but the ter-
minal, pathophysiological mechanisms causing
death are largely unknown. Lack of a normal
arousal response5 or suVocation due to airway
obstruction or rebreathing of carbon dioxide
from a face down position6–10 have been
suggested as contributory mechanisms. Al-
though epidemiological studies have shown
that there is an association between overwrap-
ping and increased environmental tempera-
ture, and SIDS, the mechanisms of interaction
are not understood.2 4 The issue is complicated
further as overheating seems to be a risk factor
particularly or exclusively for infants sleeping
prone.2 4

The purpose of the present study was to
compare supine and prone sleeping in early
infancy with respect to sleep related behaviour,
peripheral body temperature, and cardiorespi-
ratory responses in a warm environment to add
understanding to why prone sleeping is a major
risk factor for SIDS.

Subjects and methods
SUBJECTS

Thirty three infants (17 girls and 16 boys) were
recruited for an overnight sleep study. Only
term infants (at least 37 weeks’ postconcep-
tional age) without prenatal or perinatal
complications were included. No infant with a
positive history of family diseases, apparently
life threatening events, or cases of SIDS in sib-
lings was allowed. The mean birth weight was
3631 g (range 2870–4840 g) and all infants
were healthy at the time of the study.
A questionnaire containing information on

infant care practices such as feeding, preferred
sleeping position, sleep environment, weight
gain, and psychomotor development in relation
to the ability to move was completed by the
parents at the time of each study.
Informed, written consent was obtained

from the parents of all infants and the study
was approved by the regional committee on
medical research ethics.

STUDY CONDITIONS

The infants were admitted early in the evening
for a 12 hour polysomnographic recording of
sleep related behaviour. They were all fed
before and often during the electrode prepara-
tion. Their normal feeding schedule was
followed during the evening and they were fur-
ther fed in the middle of the night before a
change in sleeping position was made. After the
evening feed the infants were put to sleep in the
supine position by their mother. Comforters
and ‘cosies’ were allowed while falling asleep,
but were removed thereafter. The room was
darkened and the mother stayed with her infant
until he or she fell asleep if this was the routine
at home; otherwise the infant was left alone
with the doctor. The study conditions were
identical at 2.5 and 5 months.
The infants were studied in an infant bed

(with bars as side walls) with a firm foam rub-
ber mattress (normal hospital cot mattress;
polyurethane 30N, 9.5 cm thick) lined with a
thin blanket. All were dressed in a diaper and
two shirts and covered with a duvet (polyester
fibre quilt, 145 × 115 cm with a cotton quilt
cover, total weight 1300 g, total tog value 13).11

Light clothing (2.5 tog)11 was chosen to ease
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the nursing of the infant and the supervision of
the sensors, and the room temperature was
kept at 23°C (±0.5°C) to obtain an environ-
mental temperature close to the corresponding
thermoneutral range.12 The duvet covered the
lower part of the infants’ body (mid thorax).
The overnight sleep was divided into two

equal periods of prone and supine sleep. The
initial position was chosen at random using the
sealed envelope method and during the first
non-REM (quiet sleep) interval after falling
asleep, half the infants were turned to the prone
position according to the randomisation. All
infants were moved to the opposite position
midway through the study after being fed. The
first undisturbed sleep cycle of non-REM and
REM (active) sleep in either body position was
used for the analyses. The additional sleep
cycles in each body position were used for spe-
cific testing of infants’ arousability and carbon
dioxide rebreathing.

METHODS

Polysomnography
A computer aided multichannel system with
the operating CARDAS software (Computer
Aided Record Display and Analysis Systems)
and the Oxcams/Pi Logic IMS-2000 multi-
channel monitor (Oxcams/Pi Logic Ltd,
Dyfed) were used for the polysomnographic
recordings. For each infant the sleep variables
recorded included two electroencephalo-
graphic derivations (C3-A2, C4-A1; EEG),
two electro-occulographic derivations (ROC/
A1, LOC/A2; EOG), and a chin electromyo-
gram (EMG). The physiological parameters
recorded continuously were as follows: an elec-
trocardiogram (ECG, three leads placed on the
upper part of the trunk); thoracic and abdomi-
nal respiratory movements (strain gauge, Sen-
sorband, Mediplus AB, Malmø, Sweden);
peripheral skin temperature (left foot, Skin
Surface Temp xHH-10005-x, Ellab as, Den-
mark); oxygen saturation (right foot, oxygen
trend curve, pulse rate, and pulse waveform;
Ohmeda Biox 3700, 50 Hz fast mode, data
average time 3 seconds, update interval 0.375
seconds, Ohmeda Medical System Division,
Louisville, CO, USA); body movements (pres-
sure sensitive pad placed under the blanket on
the mattress; Pad-HF, B8208, Pi Logic Ltd);
and sound (microphone placed on the mattress
3 cm to the left or right of the nose and mouth
in prone or supine face to side position, on the
neckband of the shirt in the supine face up
position, Sound, B8202, Pi Logic Ltd).
Attempts to estimate the core temperature

were abandoned because a method for central
skin temperature (Thermistor Zeal, Pi Logic
Ltd) did not correlate suYciently with rectal
temperature and rectal monitoring was unsuc-
cessful in a pilot project as it interfered with
sleep behaviour. It has been shown that the
peripheral skin and rectal temperatures change
together, and that changes in skin temperature
fluctuate less throughout the night than the
core temperature.13 Furthermore, on warming
peripheral vasodilatation and subsequent in-
creases in peripheral body temperature occur
to increase the heat loss.1 We therefore found it

acceptable to record the peripheral skin
temperature alone to evaluate the thermal
stress. Attempts to measure the air flow by
thermistors were abandoned mainly because
sleep behaviour was disturbed, especially in the
prone position, but also because of low sensor
sensitivity in the younger infants (EdenTech
infant airflow sensor, EdenTech Corp, MN,
USA).

Recorded responses
Sleep states were defined according to behav-
ioural, EEG, EOG, and EMG criteria recom-
mended by other investigators.14–16 Each
minute of the recording was coded as non-
REM sleep, REM sleep, indeterminate sleep,
or awakening. Non-REM or quiet sleep was
defined as: eyes closed with no eye movements;
no body movements except occasional general-
ised startles; a high voltage and slow wave pat-
tern or sleep spindles on EEG; resting muscle
tone on EMG; and decreased heart and respi-
ratory rates. REM or active sleep was defined
as: visible eye movements under the eyelids
independent of facial or gross body move-
ments; frequent small movements of the head,
face, and limbs; a low voltage and fast
desynchronised pattern on EEG;muscle atonia
on EMG; and rapid and irregular heart and
respiratory rates. Periods of sleep not meeting
these criteria were classified as indeterminate
sleep and periods with open eyes, body
movements, and vocalisation were classified as
awake. Behaviour was charted separately.
The sleep periods scored from the polysom-

nograph were further compared with the
behavioural observations and only periods of
sleep in agreement with respect to states were
carefully scrutinised for technical problems
such as loose probes, artefact time not exceed-
ing 15 seconds, and agreement of heart and
pulse rates. Only unblemished data were used
for the analysis of physiological responses. If
the arousals lasted longer than 15 seconds the
sequence was excluded from the analysis, as
were intervals of sleep in which the heart rate
from the ECG tracing diVered with more than
an average of 3 beats/minute from the pulse
rate recorded by the pulse oximeter.
Only non-REM and REM sleep were

considered in this study. We did not diVerenti-
ate between sleep stages during non-REM
sleep as there is a considerable within and
between subject variability in characteristics
used for a more detailed sleep staging in early
infancy.16 Furthermore, as unfamiliar sleep
environments, temperature diVerences, a
change in daily care giving practices, and
sleeping position may all aVect sleep and wak-
ing behaviour,17 we found it inappropriate to
evaluate and claim normality of sleep param-
eters such as total sleep time and time spent in
diVerent sleep states.
All parameters of the polysomnographic

recordings were directly and continuously
stored on a hard disk either as trend curves or
as digitised, raw signals. The intervals used for
further analysis were all chosen according to
criteria given in the protocol before the study
was initiated.
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Respiratory rate and respiratory movements
were estimated from the thoracic or abdominal
amplitude on the pneumogram, or both.
A sigh was defined as an isolated and sudden

change in the amplitude of either the thoracic
or abdominal respiratory channel. A movement
of the head or extremities was defined by arte-
facts in a limited number of channels with an
increase in the amplitude of the activity
channel, whereas arousals caused artefacts in
most channels. Arousals were further subdi-
vided into short arousals—that is, body move-
ments lasting between 3 and 15 seconds with-
out changes in EEG—and longer arousals
lasting more than 15 seconds, often associated
with changes in EEG and subsequent awaken-
ing.
Periodic breathing was defined by the

succession of more than two apnoeas longer
than 3 seconds separated from each other by
less than 20 seconds of breathing movements.
An apnoea was measured from the end of

inspiration in the last breath before to the end
of inspiration in the first breath after the
apnoea. The measurement was performed
either in the thoracic or abdominal channel
depending on the technical quality of the
signals. Apnoeas lasting 3 seconds or longer
were recorded. The apnoeas were divided into
two subgroups depending on the duration:
from 3 to 10 and from 11 seconds or longer.
The ECG was stored continuously both as

single heart beats and as a trend curve. The
heart rate could therefore be counted manually
despite artefacts from arousals and body
movements.
As the signals of the pulse oximeter are sen-

sitive to body movements, it was often diYcult
to interpret the oxygen saturation during and
immediately after arousals and body move-
ments. Only intervals with appropriate pulse
waves were used for further analysis.

Analysis
The data were analysed with SPSS for MS
Windows Release 6.0. Analyses were limited to
the first sleep cycle in each body position. The
paired t test for dependent samples was used
for statistical analyses. As the polysomno-
graphic recordings were continuously corre-
lated with behavioural observations the data
were not analysed blindly with respect to sleep-
ing position. The possibility of bias was
minimised by strict a priori criteria and the use
of computer generated polysomnographic re-
sults.

Results
Of the 33 infants enrolled in the study, 32 were
recorded in both supine and prone sleeping

positions at 2.5 months and 28 at 5 months.
Two infants (one at each age) were excluded
because of illness and two were withdrawn at 5
months by the parents. At 5 months two infants
were excluded from the analyses because they
did not accept the prone position. Hence 27
infants were studied in both positions at both
ages.
Table 1 lists the characteristics of the infants

studied at least once; these did not diVer from
those who could not be tested. The mean
weight was at the 50th centile for Norwegian
infants. Supine was the dominant sleeping
position, but all infants were regularly put into
the prone position while awake to increase their
extensor muscle strength.
Approximately 50 minutes of adequate

recordings were obtained for prone and supine
sleep at 2.5 and 5 months (table 2). For REM
sleep there were more frequent short arousals,
body movements, and sighs during supine than
during prone sleep for both ages, and at 2.5
months there were more episodes of periodic
breathing in supine non-REM and REM sleep
(table 2). For both sleep states and ages the
frequency of sigh related apnoeas and their
duration were longer during supine sleep. For a
set of other behavioural parameters there was
no significant diVerence between prone and
supine sleep (table 2). No or only minimal
changes in heart rate and oxygen saturation
were observed subsequent to apnoeas lasting
less than 5 seconds. A temporary decrease in
heart rate occurred in 15% of apnoeas lasting
longer than 5 seconds and in half of these
instances the oxygen saturation also decreased.
The longest apnoea lasted 15 seconds, the
maximum decrease in heart rate was 35%, and
the maximum decrease in oxygen saturation
was 11%.
Heart rates and peripheral skin temperatures

were higher in the prone than in the supine
position during both non-REM and REM
sleep at 2.5 and 5 months, but there was no
significant diVerence between the two positions
with respect to respiratory rate or oxygen satu-
ration for either sleep state or age (table 3).
For both body positions the heart rate was

significantly higher during REM than non-
REM sleep at both ages (p <0.001), whereas
the respiratory rate was higher and oxygen
saturation lower during REM sleep at 2.5
months (p <0.05 and p <0.01, respectively)
(table 3). The peripheral skin temperature did
not vary significantly with sleep state, but
decreased after body movements and arousals
in both body positions as the movements of the
duvet allowed the entry of fresh air close to the
body. The skin temperature for both sleep
states tended to be lower at 5 than at 2.5
months, and the heart and respiratory rates
decreased significantly with increasing age (p
<0.02) (table 3).

Discussion
In the present study prone and supine sleep
diVered in that prone sleep was associated with
less variation in behaviour, such as fewer body
movements, fewer short arousals, sighs and
episodes of periodic breathing, and a shorter

Table 1 Characteristics of the infants studied at 2.5 and 5 months of age

2.5 months (n=32) 5 months (n=28)

No of girls/boys 16/16 14/14
Mean (SD) weight (g) 5845 (696) 7497 (833)
Breast fed 28 21
No sleeping in bed with parents 0 1
No with supine preferred position 25 28
No with side or supine preferred position 3 0
No with side preferred position 4 0
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duration of apnoeas after sighs. In spite of less
behavioural variability the heart rates and
peripheral body temperatures were higher dur-
ing prone sleep, and the diVerences were more
pronounced during active than during quiet
sleep.
The sleep behaviour found in this study con-

firms the results reported for healthy newborn
infants by Douthitt and Brackbill more than 20
years ago,18 and those reported in 1993 in 3
month old infants by Kahn et al.19 As the goal in
the past was to promote sleep, less motor activ-
ity and awakenings during prone sleep were
interpreted as favourable.We suggest, however,
as have others,20 that the greater variation in
behaviour during supine sleep may protect the
infant from SIDS. Indeed, studies on co-
sleeping with the mother have shown that more
frequent arousals, shifts in sleep states, and less
time spent in quiet sleep may be the normal
behaviour of young infants.20 This notion is
further supported by the suggestion that
impaired arousal responsiveness is necessary
for SIDS to occur.5 21 As infants are less able to
respond adequately with arousal to internal
stimuli in deeper (stage 3–4) than in lighter
sleep (stage 1–2),5 22 we also speculate that

habitual prone sleeping may accelerate the
maturation of sleep—that is, prolonged unin-
terrupted sleep—before arousal mechanisms in
response to cardiorespiratory or thermal
stimuli are fully developed. More frequent
sighs and longer duration of apnoeas after the
sighs, as was seen in supine sleep in our study,
may also represent improved adaptive behav-
iour similar to that of increased arousals. The
apnoeas were not associated with untoward
physiological responses and may simply repre-
sent a natural pause after improved ventilation.
Thermal stress from heavy wrapping and a

warm sleeping environment has been identified
as a risk factor for SIDS, especially in infants
more than 10 weeks old sleeping prone.2 4

Although not fully understood, increased body
temperature has been suggested to interfere
with other physiological processes such as
peripheral and central regulation of respiratory
drive.5 23–30 The recorded skin temperatures
were higher in the present than in one previous
study,30 probably reflecting a higher insulating
eVect of the duvet (estimated tog value 13)
compared with the double blanket used in the
referred study (estimated tog value 2–3). The
higher peripheral skin temperatures while

Table 2 Sleep behaviour during prone and supine sleep at 2.5 and 5 months

Sleep parameter

2.5 months (n=32 pairs) 5 months (n=28 pairs)

Prone Supine DBM SE p Value Prone Supine DBM SE p Value

Total analysed sleep time (min) 51.8 51.6 0.2 2.7 0.9 45.9 49.8 3.9 3.1 0.2
Analysed non-REM sleep (min) 28.3 28.3 0.3 1.7 0.9 30.5 31.3 0.8 2.1 0.7
Analysed REM sleep (min) 23.6 23.7 0.1 2.0 1.0 15.8 18.5 2.7 1.9 0.15
No of short arousals, non-REM 0.3 0.2 0.1 0.2 0.6 0.8 0.6 0.2 0.2 0.6
No of short arousals, REM 3.2 4.6 1.4 0.7 0.06 1.0 1.8 0.8 0.3 0.01
No of body movements, non-REM 0.7 0.6 0.1 0.2 0.8 2.0 1.1 0.9 0.4 0.06
No of body movements, REM 5.3 7.5 2.2 0.8 0.01 3.5 5.3 1.8 0.8 0.04
No of sighs, non-REM 1.4 1.2 0.2 0.4 0.7 1.5 2.4 0.9 0.4 0.05
No of sighs, REM 8.9 14.1 5.2 1.4 < 0.01 5.2 7.4 2.3 0.8 0.01
No of sighs with apnoea, non-REM 2.0 3.0 1.0 0.3 < 0.01 2.4 4.1 1.7 0.6 < 0.01
No of sighs with apnoea, REM 2.1 2.1 0.03 0.4 0.9 1.5 3.1 1.6 0.8 0.05
Post-sigh apnoea duration,
non-REM (sec) 8.0 10.5 2.5 0.8 < 0.01 2.1 7.9 5.8 1.0 < 0.01

Post-sigh apnoea duration, REM
(sec) 5.9 7.7 1.8 0.8 0.03 1.5 7.3 5.8 0.8 < 0.01

No of apnoeas 3–10 sec, non-REM 0.43 0.37 0.06 0.2 0.8 0.6 0.1 0.5 0.2 0.04
No of apnoeas 3–10 sec, REM 14 18 4 2.6 0.1 13 12 1 2.3 0.6
No of apnoeas > 10 sec, non-REM 0.03 0.0 0.3 0.03 0.3 0.0 0.0 0.0 0.0 —
No of apnoeas > 10 sec, REM 0.06 0.03 0.03 0.07 0.7 0.1 0.1 0.03 0.08 0.6
No of episodes of periodic breathing,
non-REM 0.3 0.5 0.2 0.1 0.07 0.2 0.3 0.1 0.1 0.54

No of episodes of periodic breathing,
REM 0.5 0.8 0.3 0.1 0.01 0.4 0.4 0.0 0.1 1.0

DBM = diVerences between means; SE = standard error of diVerence between means. Levels of significance between prone and
supine sleep according to respective p values.

Table 3 Mean, diVerences between means (DBM), and standard error of diVerences between means (SE) of physiological
parameters during prone and supine non-REM and REM sleep at 2.5 and 5 months of age

Sleep parameter

2.5 months (n=32 pairs) 5 months (n=28 pairs)

Prone Supine DBM SE p Value Prone Supine DBM SE p Value

Heart rate (beats/min), non-REM 125.1 118.9 6.2 1.1 < 0.001 118.8 114.1 4.3 1.0 < 0.001
Heart rate (beats/min), REM 129.1 124.4 4.7 1.2 0.001 124.2 120.1 4.1 0.8 < 0.001
Respiratory rate (breaths/min),
non-REM 28.4 27.7 0.7 0.7 0.3 25.2 24.6 0.4 0.7 0.4

Respiratory rate (breaths/min), REM 29.5 28.8 0.7 0.8 0.4 25.2 24.7 0.5 0.8 0.6
Oxygen saturation (%), non-REM 99.2 99.3 0.1 0.2 0.7 99.0 98.8 0.2 0.1 0.2
Oxygen saturation (%), REM 98.7 98.6 0.1 0.1 0.5 98.7 98.7 0.0 0.0 —
Peripheral skin temperature, (°C),
non-REM 36.3 36.0 0.3 0.1 0.04 36.1 35.8 0.3 0.1 < 0.01

Peripheral skin temperature, (°C),
REM 36.3 35.9 0.4 0.1 < 0.001 36.1 35.7 0.4 0.1 0.01

Levels of significance between body positions during non-REM and REM sleep according to respective p values.
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prone may be interpreted as an increased risk
of overheating in this position, either as a result
of reduced heat loss or increased metabolic rate
due to, for example, added respiratory eVort.
Compared with the supine position, the prone
position both reduces heat loss by increasing
the fraction of the body surface in contact with
the mattress,1 and, as suggested in the present
study, by less arousals and body movements
with subsequent reduced circulation of fresh
air around the body. In heavily dressed infants
most of the heat loss occurs from the head and
face,1 31 32 and the face has been shown to have
unique thermoregulatory functions.33 34 Even in
the prone face to side position, a smaller
fraction of the face is available for heat loss. In
addition, the prone position promotes a face
down position, increases the risk of slipping
under the cover with the head, and renders the
infant less able to get the cover oV their
head,1 35 36 (personal observation) which all
tend to increase the risk of overheating even
further.
Prone infants may be subjected to an

increased concentration of carbon dioxide
around the face, with subsequent rebreathing
suYcient to stimulate respiration.35 37 It is
unlikely, however, that the infants in this study
experienced carbon dioxide rebreathing while
prone as they were positioned on a firm
mattress with the head uncovered and the face
turned to the side.35 37 38 This assumption is
further supported by a lack of diVerence in res-
piratory rate and oxygen saturation between
body positions. The observed increase in heart
rate while prone probably resulted from
thermal stress, with subsequent vasodilatation
and a reflex mediated rise in heart rate.
The prone sleeping position is obviously the

major risk factor for SIDS, but the exact mech-
anism of death remains largely speculative. We
suggest that the decreased variation in behav-
iour and respiratory pattern, and the increased
need and probably greater diYculty of getting
rid of excess heat in the prone position, may
indicate that young infants are at higher risk of
respiratory and metabolic strain during prone
sleep.
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