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ABSTRACT: Supine sleeping, recommended to prevent sudden
infant death, should be started in the delivery hospital, but meets
concern that neonates may exhibit more intermittent hypoxia in this
position. We aimed to demonstrate that intermittent hypoxia is
equally rare in supine and side position. We enrolled 609 term
neonates in a crossover study. Pulse oximeter saturation (SpO2) was
recorded throughout; feeding periods were excluded. The rate of
desaturation events to �80%/h was the primary study variable. Four
hundred seventy-six recordings fulfilled study criteria. Mean duration of
recording was 4.8 h in side and 4.9 h in supine position (SD 0.8 for both).
There was a mean of 0.11 desaturation events per hour in supine and
0.05 per hour in side position. Of the 118 infants with desaturation
events, more had such events only in supine position (64 vs. 31 infants).
For supine compared with side position, the adjusted odds ratio for at
least one desaturation event was 2.0 (95% confidence interval 1.3–3.1).
The lowest SpO2 value reached during these events was 56% in supine
and 53% in side position. These neonates had more desaturation events
while sleeping supine. We speculate, however, that this positional effect
likely is too small to affect outcome. (Pediatr Res 65: 654–656, 2009)

Supine sleeping is recommended to prevent the sudden
infant death syndrome (SIDS). It should already be

started in the delivery hospital, because the policy applied
there models parental behavior later on (1). Published data and
anecdotal evidence suggest, however, that mothers and nurses
often prefer the side position for fear of choking and “turning
blue” (1), preventing propagation of the “reduce-the-risk”
message. To address this concern, we compared neonatal
pulse oximeter saturation (SpO2) in supine vs. side sleeping
position, hypothesizing that there is no clinically relevant
difference in the occurrence of desaturation events.

METHODS

We performed a randomized crossover study in term neonates aged 0–5 d,
born at Tuebingen University Hospital and admitted to the maternity or
neonatal unit (the latter for common neonatal problems such as mild jaundice,
hypoglycemia, or hypothermia) between October 2002 and September 2005.
All were considered clinically well at enrollment. Written informed parental
consent was given in each patient.

Infants were placed in a cotton sleeping bag with long sleeves (Oden-
wälder, Limbach, Germany) in horizontal supine and side position in random
sequence for 6 h each; no pillows were used. Otherwise, they received their
routine care. Caregivers were advised to record all feeding periods to exclude
them from analysis.

SpO2 and a signal quality indicator (Signal IQ) were recorded with a
motion-resistant oximeter at a sampling rate of 1 Hertz [VitaGuard 310;

GeTeMed, Teltow, Germany with Masimo SET, Irvine, CA; 2–4 s averaging
mode (2)]. Alarms were only active for severe hypoxemia (SpO2 �70%) and
extreme bradycardia/tachycardia (pulse rate �60/�260/min) as it was not
clinical routine to monitor infants on the neonatal or maternity unit. Having
discarded periods with feeding or poor signal, recordings yielding �3 h in
each position were included. Recording periods were defined as artifact free
when signal IQ was �0.3 (2). Events were manually confirmed based on
appropriate signal quality. A desaturation event was defined as a fall in SpO2
to �80%, with the oximeter updating its memory every second, yielding a
minimum event duration of 1 s. This minimum duration and threshold level
were chosen to comply with previous work, which showed that these criteria
are ideally suited to trace maturational and disease-related changes in respi-
ratory control during infancy (3,4). Two different definitions for desaturation
events were used: definition A: SpO2 �80% and good signal quality (2);
definition B: SpO2 �80%, good signal quality and undisturbed pulse wave
form (5). For 30 s around each desaturation event, recordings were also
analyzed for the presence of bradycardia, defined as a fall in pulse rate to
�80/min.

The occurrence of desaturation events was the primary study variable. On
the basis of event rates in a previous study (5), we estimated that paired
measurements in 485 infants would give a power of �90% with a one-sided
type I-error �0.05 to detect a 33% difference in event rates between the two
positions. Data were extremely right skewed; we thus dichotomized the event
rate (no vs. at least one event) and used unconditional logistic regression
analysis and a random effects model. Odds ratios (OR) and their 95%
confidence intervals (95% CI) were calculated for supine position using side
position as reference. ORs were adjusted for study phase, study location, and
the logarithm of the recording time. As a sensitivity analysis, both variants of
desaturation event definition were used. Statistical analyses were done using
Stata 9.2 (Stata Corp., College Station, TX). A p value �0.05 was considered
statistically significant. The study protocol had been approved by the Ethics
committee of Tübingen University Hospital.

RESULTS

Of 609 infants studied, 476 pairs of recordings were of
sufficient duration (Table 1 for demographic data). There was
a mean of 0.11 desaturation events per hour in supine and 0.05
per hour in side position. Of the 118 infants with desaturation
events, more had such events only in supine position (64 vs.
31 infants). The mean duration of these events did not differ
between positions (Table 2). The longest desaturation event
found lasted 141 s in supine and 101 s in side position. The
lowest SpO2 value reached during desaturation events was
56% in supine and 53% in side position. The odds of having
a desaturation event were significantly higher in supine posi-
tion. This was independent of the event definition used [ad-
justed OR (95%CI; p value) for definition A: 2.0 (1.3–3.1;
0.001); for definition B: 2.4 (1.4–4.1; 0.001)]. This effect of
sleep position was independent of study location and study
phase (Table 2). Three infants had desaturation events to
�60% SpO2 in supine position (Fig. 1), compared with only
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one in side position. All four events occurred within 45 min
after a feed. Only one infant had a desaturation event accom-
panied by bradycardia (in supine position). All events were
self-resolving; no infant was stimulated or received additional
inspired oxygen.

DISCUSSION

While sleeping supine, these term neonates were more
likely to have desaturation events than in the side position,
refuting our study hypothesis, but matching the caregivers’
observation prompting this study. This could have been
caused by more obstructive apnea in the supine position,
potentially caused by gravity allowing the tongue to fall

backward (6), or by gastroesophageal reflux, which is more
prevalent in supine position (7). Suggestive of the latter
potential explanation is the proximity of the most severe
events (to �60% SpO2) to feeding episodes. Our study had not
been designed to investigate causal factors for this position-
dependent increase in intermittent hypoxia, but given the
number of infants enrolled and the fact that this positional
effect was found in both, the maternity ward and the neonatal
unit (with its potentially better documentation by nursing
staff), underscores that this effect is real and not just a spurious
finding.
Mothers and nurses were instructed about infant placement

and how to keep the feeding protocols, but we did not confirm
this objectively, nor did we record further physiologic data
such as breathing movements or ECG. Infants sleep less in the
supine position (8), potentially allowing more time for motion,
during which episodic desaturation may be more likely. This
is unlikely to explain our results, however, as episodes with
poor signal quality (as frequently present during motion) were
excluded, and position-related differences persisted regardless
which criteria were used to exclude potentially spurious SpO2
values. Only 476 of 609 recordings fulfilled study criteria,
nine short of our planned sample size. Sample size, however,
is less relevant here because we did observe a significant
difference between positions. We focused on desaturations to
�80 or �60% SpO2. This happened because desaturations by
4% or to �90%, frequently used as a cutoff in older children,
are so common in neonates that they can be regarded as
normal physiology and were not considered by us to be
clinically meaningful.
There is one other study that compared acute decreases in

SpO2 in side vs. supine position, analyzing home monitor
recordings in 64 healthy infants between 2 and 25 wk of age

Figure 1. Example of a desaturation event occurring at 03:39 AM in a 2-d
old healthy boy in supine position, 24 min after his last feed. SpO2 is �80%
for 1 min, reaching a minimum of 59%. Nurses did not note any clinical
abnormality at the time of this event. The infant had finished his last feed at
03:15 AM. The hatched area indicates the time the recording threshold was
violated; the gray area indicates the time the monitor alarm had sounded until
it was silenced.

Table 1. Demographic characteristics stratified by study location

Variable Both units (n � 476) Neonatal unit (n � 242) Maternity unit (n � 234)

Male sex, n (%) 263 (55) 145 (60) 118 (50)
Postnatal age at recording (d), mean (SD) 1.7 (1.1) 1.5 (1.1) 1.9 (0.9)
Gestational age at birth (wk), mean (SD) 39.2 (1.3) 39.1 (1.4) 39.2 (1.1)
Birth weight (g), mean (SD) 3317 (499) 3232 (567) 3405 (400)
Randomized to supine first, n (%) 245 (52) 121 (50) 124 (53)

Table 2. Study results stratified by body position and study
location

Variable Supine position Side position

Discarded recording duration
(h), mean (SD)

Both units 1.2 (0.9) 1.2 (0.9)
Neonatal unit 1.3 (1.0) 1.4 (1.0)
Maternity unit 1.1 (0.7) 1.0 (0.6)

Analyzed recording duration
(h), mean (SD); sum

Both units 4.9 (0.8); 2344 4.8 (0.8); 2306
Neonatal unit 5.0 (0.9); 1203 4.7 (0.9); 1148
Maternity unit 4.9 (0.8); 1140 5.0 (0.8); 1158

Infants with desaturation
events, n (%)*

Both units 87 (18) 54 (11)
Neonatal unit 43 (18) 28 (12)
Maternity unit 44 (19) 26 (11)

Number of desaturation events,
sum (median; max)

Both units 250 (0; 16) 118 (0; 11)
Neonatal unit 127 (0; 16) 61 (0; 11)
Maternity unit 123 (0; 12) 57 (0; 10)

Duration of desaturation events
(s), both units

Mean (SD) 9.9 (15.2) 10.2 (14.2)
Median (range) 5.0 (1–141) 5.5 (1–101)

Time �80% SpO2 (s), sum
(median; max)

Both units 2466 (0; 281) 1200 (0; 132)
Neonatal unit 1249 (0; 281) 566 (0; 127)
Maternity unit 1217 (0; 222) 634 (0; 132)

Distribution of the minimal
SpO2 value observed

Minimum 56 53
2.5th percentile 67 70
5th percentile 73 74
10th percentile 76 79
25th percentile 81 82
50th percentile (median) 85 85

* Twenty-three of these had desaturation events in both positions.
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(9). These authors found a frequency of decreases in SpO2 by
at least 10% (and sustained �90% for �5 s, using a pulse
oximeter in the beat-to-beat mode) of 0.4 s/h in side vs. 1.8 s/h
in supine position. The rate of these events decreased with
increasing age; most (79%) were related to periodic breathing.
Periodic breathing, however, was equally common in supine
and side position in that study. Although not directly compa-
rable with our data, these results suggest that the increased
propensity to intermittent hypoxia in the supine position con-
tinues beyond the neonatal period, but that intermittent hyp-
oxia will become rarer as the infant grows older.
Intermittent hypoxia during sleep may affect neurocognition

in children (10), but whether this is also true for neonates and
for the extent of desaturation seen here is questionable. In fact,
it is more likely that these intermittent, self-resolving desatu-
ration events reflect a physiologic phenomenon, which hap-
pens to be influenced by body position, but is of no long-term
consequence. An argument in support of the latter hypothesis
is our observation that only one of the 368 desaturation events
was accompanied by bradycardia. In addition, infants born
preterm exhibit much more frequent and severe episodes of
intermittent hypoxia, even once they are beyond term equiv-
alent age (11), but these do not seem to have much effect on
neurodevelopment (12,13).
Undoubtedly, the side position is associated with an in-

creased risk of SIDS, and parental choice of sleep position is
positively related to that chosen by nursing staff (14). Thus,
we are faced with a dilemma: on one hand, there may be more
intermittent hypoxia in the supine position (at least in the
neonatal period), the long-term effect of which is unknown,
but likely negligible in this age group. On the other hand, there
is a known risk of death associated with nonsupine sleeping.
Thus, for the time being, it would seem unethical to recom-
mend anything other than supine sleeping in the first year of
life. Once more data become available, however, a more
sophisticated recommendation is conceivable. Preterm infants,
for example, are placed prone as long as they exhibit apnea of
prematurity, but are turned to supine once they have outgrown
this (15,16). In a similar line of argument, side sleeping may
be a preferable sleep position just for the first week of life
(before SIDS becomes an issue), followed by supine sleeping
for older infants. More data, however, are needed before
considering giving such a recommendation, and even then the

risk of diluting the simple back-to-sleep message by such
sophisticated advice needs to be considered, as it may be
difficult to get it across to the public. Thus, we continue to
recommend supine sleeping already in the delivery hospital,
but urge for further research into the long-term effects, and the
natural course, of intermittent hypoxia early in life.
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