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ABSTRACT: Concerns regarding gastroesophageal reflux (GER)
and associated apnea episodes result in some practitioners having
convalescent, prematurely born infants sleep in the prone position.
We have tested the hypothesis that such infants would not suffer from
clinically important acid GER or associated apnea episodes more in
the supine compared with the prone position. Lower esophageal pH
was measured and videopolysomnographic recordings of nasal air-
flow, chest and abdominal wall movements, electrocardiographic
activity, and oxygen saturation were made on two successive days of
21 premature infants (median gestational age 28 wk) at a median
postmenstrual age (PMA) of 36 wk. On each day, the infants were
studied prone and supine. The acid reflux index was higher in the
supine compared with the prone position (median 3% versus 0%, p �
0.002), but was low in both positions. The number of obstructive
apnea episodes per hour was higher in the supine position (p �
0.008). There were, however, no statistically significant correla-
tions between the amount of acid GER and the number of either
obstructive or total apnea episodes in either the supine or prone
position. Supine compared with prone sleeping neither increases
clinically important acid GER nor obstructive apnea episodes
associated with acid GER in asymptomatic, convalescent, prema-
turely born infants. (Pediatr Res 62: 620–623, 2007)

Prematurely born infants are at increased risk of sudden
infant death syndrome (SIDS), particularly if they sleep in

the prone position (1). Despite this known adverse association,
some prematurely born infants still sleep in the prone position
at the age when they are at highest risk of SIDS (2). Several
studies have highlighted that parents are strongly influenced
by health care practitioners with regard to their choice of
sleeping position for their infant (3,4). Worryingly, the results
of a national survey (5) revealed that in some neonatal units,
prematurely born infants slept in the prone position even just
before discharge from the neonatal intensive care unit (NICU).
One of the reasons given for continuation of prone sleeping is
the perceived increased risk of gastroesophageal reflux (GER)
in the supine position (6) and that the likelihood of associated
problems such as apnea may be less in the prone position. Yet,
it is known that there is maturation of the reflexes that protect
against GER and esophagopharyngeal reflux (7). Esophageal
and upper esophageal sphincter motor responses to abrupt

mid-esophageal provocation are present as early as 33 wk
PMA, and the response characteristics improve during devel-
opment (7). We, therefore, hypothesized that convalescent,
asymptomatic, prematurely born infants ready for NICU dis-
charge would not suffer from either clinically important acid
GER or apnea episodes associated with acid GER more in the
supine compared with the prone position. The aim of this
study was to test that hypothesis by investigating the influence
of sleeping position on acid reflux and any association with
apnea episodes. In certain studies (8,9), but not all (10), a
significant relationship between bronchopulmonary dysplasia
(BPD) and GER has been reported. As a consequence, we
recruited infants with and without BPD, to determine whether
BPD status influenced our findings.

METHODS

Infants born at �33 wk of gestation who were being prepared for discharge
were eligible for entry into this study. When the infants were tolerating three
hourly feeds, their parents were approached and the study design explained.
If informed written consent was obtained, infants were studied on two
successive days. Six sets of parents refused consent, the demographics of their
infants did not differ significantly from the 21 who did take part (data not
shown). On each day, infants were examined in both the supine and prone
position each for 3 h. The order in which the positions were examined was
randomized between babies, and on the following day, the positions were
examined in an individual baby in the opposite order. The results obtained
from a particular position on the two study days were averaged. In each
position, lower esophageal pH was measured and videopolysomnographic
recordings of nasal airflow, chest, and abdominal wall movements were made.

Lower esophageal pH was measured using a pH probe (Digitrapper MK
111 Gold pH meter, Synerics Medical, Middlesex, UK). To appropriately
position the pH probe, 85% of the predicted length according to Strobel’s
formula (11) was used for infants longer than 40 cm, and a nomogram was
used (12) for infants �40 cm. Chest radiographs were not taken. An acid
reflux index was calculated, which is the percentage of the study time the
esophageal pH was �4 (13). An acid reflux index �12% was considered
clinically significant, as that is the level at which treatment would be
considered (13). In addition, acid GER episodes during which the pH drop
was �1 pH unit were identified.

Videopolysomnographic recordings of nasal airflow, chest and abdominal
wall movements, limb movements, electrocardiographic activity, and oxygen
saturation were made using an Alice 4 sleep study system (Respironics
Marietta, Marietta, GA). Thoracic and abdominal respiratory movements
were measured by impedance and airflow was measured with thermistors
taped under both nostrils. Gross body movements were assessed using two
activity meters attached to the upper and lower limbs as well as by video.
Oxygen saturation was measured continuously with a pulse oximeter (Datex
Omeda 3900); desaturations were considered significant if the oxygen satu-
ration decreased to �90% (14). The data were collected with a computerized
sleep recorder (Alice Recording System). Each recording was examined to
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determine whether the infant had had apnea episodes during the period of
sleep. Apnea episodes were defined as a pause in respiration indicated by a
lack of nasal airflow of at least 5 s (15). A subanalysis of apnea episodes �10 s
was also undertaken for the whole cohort. Apneas were classified as obstruc-
tive if, despite chest and abdominal wall movements, there was no nasal
airflow, central if there was no nasal airflow and an absence of chest and
abdominal wall movements, and mixed if there was a combination of central
and obstructive apnea episodes. An apnea index (the number of apnea
episodes per hour of sleep) was calculated for each type of apnea, as we have
previously demonstrated convalescent, prematurely born infants have greater
sleep efficiency, i.e. sleep longer per study period, in the prone compared with
the supine position (14).

Analysis. Differences between positions were assessed for statistical sig-
nificance using the paired Wilcoxon rank-sum test or Mann-Whitney U test as
appropriate. To determine the strength of relationships between the reflux
index and apnea episodes, Spearman’s correlation coefficients were calcu-
lated. In addition, an apnea index related to pH, i.e. the number of apnea
episodes when the pH was either �4 or �4, was calculated for obstructive or
mixed apnea episodes. In each position, this apnea index related to pH was
compared with determine whether the index was greater when the pH was �4
or �4. The number of apnea episodes (per hour of sleep) associated with
significant desaturations was also compared when the pH was �4 or �4.
Significant desaturations were deemed to be associated with an apnea if they
occurred during or in the 3 s following an apnea.

Sample size. Recruitment of 21 infants, each studied in both the supine and
prone positions, allowed detection of differences between the supine and
prone positions equal to at least 1 SD of the measurements with 90% power
at the 5% level.

Patients. Twenty-one infants with a median gestational age at birth of 27.9
wk (range, 24.9–32.0) wk and birth weight range of 660–1614 g were studied
at a median PMA of 36.3 wk (range, 34.6–40.7). Twelve of the infants were
oxygen dependent and had or subsequently fulfilled the diagnosis of BPD
(oxygen dependency beyond 36 wk PMA), their median gestational age at
birth (26.9 g; range, 24.9–29.6), and birth weight (814 g; range, 660–1370)
were lower than that of the nine non-BPD infants [median gestational age at
birth of 31 wk (range, 26.6–32) and birth weight of 1164 g (range, 828–
1614)] ( p � 0.003 and p � 0.003, respectively). The two groups were studied
at similar median PMAs (37.2 wk; range, 35.4–40.7 in BPD infants and 36.3
wk; range, 34.6–40.1 in non-BPD infants) (p � 0.24). None of the infants
were receiving methylxanthines or treatment for GER, but one of the BPD
infants was receiving diuretics. All the infants were receiving three hourly
feeds and had nasogastric tubes in situ. In each position, the 3-h study period
began after they had received a feed. Some of the patients’ apnea results have
been previously reported (14). Parents gave informed written consent for their
infant to take part in the study, which was approved by the King’s College
Hospital Research Ethics Committee.

RESULTS

In the cohort overall, the reflux index (p � 0.002) was
higher in the supine than the prone position (Table 1). The
reflux index, however, was low in both positions (Table 1), the
pH being �4 only for a median of 4 min (range, 0–20.2) in
the supine position and 0 min (range, 0–14.7) in the prone
position (p � 0.01). Obstructive (p � 0.008) and mixed (p �
0.03) apnea episodes (�5 s) were more common in the supine
position. There were very few apnea episodes �10 s, and
there were no significant differences in the apnea indexes for
apnea episodes �10 s according to position (Table 2). In the
BPD infants, the reflux index (p � 0.03) was higher and
obstructive apnea episodes more common (p � 0.04) in the
supine position, but central apnea episodes were more com-
mon in the prone position (p � 0.02) (Table 1). In the
non-BPD infants, only the reflux index differed significantly
between positions and was higher in the supine position (p �
0.03) (Table 1). There were no significant differences in the
amount of acid reflux in either the prone or supine position
between the BPD and non-BPD infants (prone position BPD
infants: median 1.75% versus non-BPD infants 0%, p �

0.085; supine position BPD infants: median 3% versus non-
BPD infants 6.5%, p � 0.75).

In neither the supine (p � 0.27) nor the prone (p � 0.27)
position were there significant correlations between the reflux
index and total apnea episodes or between the reflux index and
obstructive apnea episodes (supine: p � 0.55, prone: p �
0.39). In addition, there were no significant correlations be-
tween the acid GER episodes in which the pH fell by �1 pH
unit and either total (p � 0.78 supine, p � 0.09 prone), or
obstructive (p � 0.1 supine, p � 0.08 prone) apnea episodes
in either position. There was no significant difference in the
number of acid GER episodes in which the pH fell by �1 pH
unit between positions (n � 18; range, 5–41 prone; n � 18,
range, 9–35 supine) (p � 0.7), nor was there a significant
difference in the number of such episodes in the two positions
in the first postprandial hour (prone: n � 6; range, 1–20;
supine: n � 7; range, 2–19) (p � 0.7). There were very few
apnea episodes (�5 s) associated with an esophageal pH �4
in either position (Table 3). Dividing the apnea episodes
according to whether the pH was �4 or �4 four demonstrated

Table 1. Comparison of apnea episodes (�5 s) and reflux indexes
in the prone and supine positions

Prone Supine p

Overall
Recording time (min) 161 (134–180) 163 (130–192) ns
Sleeping time (min) 144 (103–164) 117 (103–164) 0.0002
Central apnea episodes

(per hour of sleep)
5.7 (0.2–22.6) 2.3 (0–67.13) ns

Obstructive apnea episodes
(per hour of sleep)

0.4 (0–5.8) 1.1 (0–5.8) 0.008

Mixed apnea episodes
(per hour of sleep)

1.9 (0–18.4) 5.2 (0–12.7) 0.03

Reflux index (%) 0 (0–11.4) 3 (0–15.4) 0.002
BPD infants

Central apnea episodes
(per hour of sleep)

2.6 (0.2–22.6) 1.4 (0–10.6) 0.02

Obstructive apnea episodes
(per hour of sleep)

0.7 (0–1.9) 1.9 (0–5.8) 0.01

Mixed apnea episodes
(per hour of sleep)

1.5 (0–18.4) 5.3 (0–8.9) ns

Reflux index (%) 1.8 (0–11.4) 3 (0–15.4) 0.03
Non-BPD infants

Central apnea episodes
(per hour of sleep)

9.1 (4.6–16.2) 7.7 (1.7–67.1) ns

Obstructive apnea episodes
(per hour of sleep)

0.2 (0–5.8) 0.6 (0–4.2) ns

Mixed apnea episodes
(per hour of sleep)

2.8 (0.5–8.1) 4.9 (0–12.7) ns

Reflux index (%) 0 (0–6.4) 6.5 (0–10) 0.03

Data are demonstrated as median (range). ns, not significant.

Table 2. Comparison of apnea episodes �10 s in the prone and
supine positions

Prone Supine p

Central apnea episodes
(per hour of sleep)

0.5 (0–1.5) 0 (0–6.8) ns

Obstructive apnea episodes
(per hour of sleep)

0 (0–0.9) 0 (0–1) ns

Mixed apnea episodes
(per hour of sleep)

0.46 (0–2) 0.43 (0–2.1) ns

Data are demonstrated as median (range).
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that mixed apnea episodes regardless of the esophageal pH
were significantly higher in the supine compared with the
prone position. There were very few apnea episodes �10 s
(Table 4), particularly when the pH �4. There were no
significant differences when the pH was either �4 or �4 in
apnea indexes (for apnea episodes �10 s) according to posi-
tion. There were only 25 apnea episodes associated with
significant desaturations in the whole study. The only signif-
icant difference in the occurrence of episodes of obstructive or
mixed apnea associated with significant desaturations was in
the supine position, there were more mixed apnea episodes per
hour associated with significant desaturations when the pH
was greater rather than less than four (p � 0.01). There were,
however, no significant differences in the occurrence of either
type of apnea associated with significant desaturation between
positions.

DISCUSSION

We have demonstrated that, in asymptomatic, convalescent,
prematurely born infants, acid GER was more common in the
supine rather than the prone position. In the majority of
infants, however, the amount of acid reflux and time spent
with a pH �4 were low in both positions. Indeed, only one
infant had an acid reflux level that would be considered for
treatment (12), if the infant had been symptomatic. We have
previously reported that episodes of obstructive and mixed
apnea were more common in the supine position, whereas
central apnea episodes were more common in the prone
position (14). Mixed apnea episodes consist of central pauses
and obstructive components and can be either central-
obstructive or the reverse sequence. Obstructive apnea epi-
sodes occur partly due to a change in genioglossus muscle
tone allowing the tongue to come in contact with the posterior
part of the pharynx (16). It seems more likely that the tongue

will fall backward in the supine rather than the prone position,
increasing the likelihood of obstructive and mixed (obstruc-
tive-central) apnea episodes in the supine position. We now
report that, despite obstructive and mixed apnea episodes (�5 s)
being more common in the supine position, there was no
significant correlation between obstructive apnea episodes and
acid reflux in either the prone or supine position. We did not
show a significant association of sleeping position with any
type of apnea lasting �10 s, but this likely reflects the very
small number of apnea episodes of that duration in either
position. We also did not demonstrate any significant corre-
lations between acid GER episodes when the pH decrease was
�1 pH unit and apnea episodes in either position. The apnea
indexes for obstructive or mixed apnea episodes were not
higher in either position when the pH was �4 rather than �4.
Indeed, the apnea index for obstructive and mixed apnea
episodes (apnea episodes �5 s or �10 s) associated with a pH
�4 was low in both sleeping positions (Tables 3 and 4,
respectively). Our results are in keeping with those of a
retrospective study (10) of clinically symptomatic infants
referred for esophageal pH monitoring. No significant differ-
ences were found in the proportions of infants who had apnea
between those with and without GER (10). Most other studies
have also failed to document a temporal relationship between
apnea and GER (17–23). We now highlight that there is no
such relationship in either the prone or, importantly, the
supine position in convalescent, prematurely born infants. We
also demonstrate clinically significant desaturations related to
apnea episodes were not more common in the supine position
when the pH was �4.

To diagnose reflux, we used an esophageal pH monitor that
detects acid reflux events. The main application is to detect
occult GER causing extraesophageal symptoms (24). The
sensitivity and specificity of esophageal pH monitoring for the
detection and quantification of GER are 87%–93% and 93%–
97%, respectively (25). In prematurely born infants, it has
been suggested that this method of monitoring may not be that
reliable, as GER cannot be detected when the gastric pH is
�4, and in prematurely born infants, the gastric pH may be
�4 for the majority of the time (26,27). In this study, pH
monitoring was used in both positions and, as there is no
evidence to suggest esophageal pH monitoring function is
influenced by sleeping position, our findings of differences in
acid reflux between positions are robust.

BPD may predispose an infant to reflux because of transient
increases in intra-abdominal pressure from forced exhalation
related to coughing and crying and decreased lower esopha-
geal sphincter pressure from flattened diaphragms. In addition,
there may be increased gastric acid production; this can occur
with medication such as methylxanthines (28), which can
lower esophageal sphincter pressure (29) and worsen GER. In
this study, we saw no significant differences in the amount of
acid reflux between the BPD and non-BPD infants in either
the prone or supine position. This is contrary to some earlier
findings (8,10). We studied 12 infants with BPD and required
a sample size of 21 to detect differences between positions
with 90% power; thus, our negative result may reflect a type
II error. There are, however, other explanations for the differ-

Table 3. Occurrence of apnea episodes �5 s (number per hour of
sleep with the pH �4 or �4 as appropriate) associated or not

associated with pH �4 related to position

Prone Supine p

pH �4
Obstructive apnea 0 (0) 0 (0–6.3) ns
Mixed apnea 0 (0–4.6) 0 (0–25) 0.03

pH �4
Obstructive apnea 0.2 (0–6) 0.6 (0–7.1) ns
Mixed apnea 1 (0–11) 3 (0–7.9) 0.02

Data are presented as median (range).

Table 4. Occurrence of apnea episodes �10 s (number per hour
of sleep with the pH �4 or �4 as appropriate) associated or not

associated with pH �4 related to position

Prone Supine p

pH �4
Obstructive apnea 0 (0–0) 0 (0–1) ns
Mixed apnea 0 (0–2) 0 (0–3) ns

pH �4
Obstructive apnea 0 (0–2) 0 (0–2) ns
Mixed apnea 1 (0–4) 1 (0–5) ns

Data are presented as median (range).
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ences between the results of earlier studies (8,10) and this
study. In particular, our infants had no symptoms of GER,
were about to be discharged from the NICU, and were not
receiving medication likely to increase gastric production or
alter lower esophageal sphincter pressure.

We have demonstrated that acid reflux is greater in the
supine than the prone position in asymptomatic, convalescent,
prematurely born infants about to be discharged from the
NICU, but the amount of acid reflux was low in both posi-
tions. In addition, no significant association of acid reflux with
obstructive or total apnea episodes was found. It has been high-
lighted (30) that airway protection is compromised in the prone
position during active sleep as the swallowing rate was signifi-
cantly reduced without a compensatory increase in arousal. We
now demonstrate sleeping in the supine compared with prone
position neither increases acid GER nor apnea episodes associ-
ated with acid GER in asymptomatic, convalescent, prematurely
born infants. Our results and those previously published (30) give
support to recommending supine sleeping for asymptomatic,
convalescent, prematurely born infants.
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