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Prone sleeping affects cardiovascular control in preterm infants
in NICU
Kelsee L. Shepherd1, Flora Y. Wong1,2, Alexsandria Odoi1, Emma Yeomans2, Rosemary S. C. Horne1 and Stephanie R. Yiallourou1,3

BACKGROUND: Prone sleeping is used in preterm infants undergoing intensive care to improve respiratory function, but evidence
suggests that this position may compromise autonomic cardiovascular control. To test this hypothesis, this study assessed the
effects of the prone sleeping position on cardiovascular control in preterm infants undergoing intensive care treatment during early
postnatal life.
METHODS: Fifty-six preterm infants, divided into extremely preterm (gestational age (GA) 24–28 weeks, n= 23) and very preterm
(GA 29–34 weeks, n= 33) groups, were studied weekly for 3 weeks in prone and supine positions, during quiet and active sleep.
Heart rate (HR) and non-invasive blood pressure (BP) were recorded and autonomic measures of HR variability (HRV), BP variability
(BPV), and baroreflex sensitivity (BRS) using frequency analysis in low (LF) and high (HF) bands were assessed.
RESULTS: During the first 3 weeks, prone sleeping increased HR, reduced BRS, and increased HF BPV compared to supine. LF and
HF HRV were also lower prone compared to supine in very preterm infants. Extremely preterm infants had the lowest HRV and BRS
measures, and the highest HF BPV.
CONCLUSIONS: Prone sleeping dampens cardiovascular control in early postnatal life in preterm infants, having potential
implications for BP regulation in infants undergoing intensive care.
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INTRODUCTION
The baroreflex is the primary mechanism for the short-term
regulation of blood pressure (BP),1 and operates via sympathetic
and parasympathetic inputs to the heart and vasculature.
Cardiovascular control is immature in infants born preterm, and
this immaturity is inversely related to both gestational age (GA) at
birth and chronological age.2,3 Cardiovascular dysfunction, char-
acterized by low BP, cardiac output, and systemic blood flow,
frequently occurs in preterm infants.4 In the first days and weeks
after birth, low BP and blood flow may increase the risk of
circulatory failure and low cerebral perfusion. Limited ability to
control BP and to autoregulate cerebral blood flow,5,6 is a major
mechanism for ischemic or hemorrhagic injury and long-term
neurodevelopmental disabilities in preterm infants.7 Conversely,
hypertensive periods within the first few weeks of life can cause
end-organ damage or intracerebral hemorrhage.8 Therefore,
adequate BP control is vital for minimizing morbidity and
mortality in preterm infants.
Prone positioning is frequently employed to improve respira-

tory function in preterm infants in the neonatal intensive care unit
(NICU).9 However, studies in term infants after hospital discharge
demonstrate that prone sleeping, the major risk factor for Sudden
Infant Death Syndrome, lowers BP,10 cerebral oxygenation,11 and
impairs BP control12 and cerebrovascular control.13 These
position-related effects are sleep state-dependent, with the prone
position being associated with the lowest values of BP and
cerebral oxygenation during quiet (QS) compared to active sleep
(AS).10,11 Moreover, these effects are amplified in preterm

compared to term-born infants after term-equivalent age.14,15

Recently, we demonstrated that despite improved cardiorespira-
tory stability,16 the prone position increases cerebral oxygen
extraction, particularly within the early postnatal period, in
extremely preterm infants.17 Some studies in preterm infants in
the NICU suggest that similar to older discharged infants, prone
sleeping may dampen autonomic control.18–21 However, these
studies are based on heart rate (HR) alone. Currently, the effects of
prone sleeping on BP control and how this is altered by GA at
birth and chronological age in preterm infants whilst in the NICU
remains unknown.
The aim of this study was to investigate the effects of prone

sleeping, sleep state, and GA at birth on autonomic cardiovascular
control in preterm infants undergoing intensive care across the
first postnatal weeks. We hypothesized, that compared to sleeping
supine, prone sleeping would impair autonomic control of HR and
BP and the baroreflex, and greater position-related impairments
would be evident in those infants born at earlier GAs.

METHODS
Ethical approval
Ethical approval was obtained from the Monash Health and
Monash University human research ethics committees. The
project was carried out according to the National Statement on
Ethical Conduct in Human Research (NHMRC, 2007) produced by
the National Health and Medical Research Council of Australia
and studies conformed to the standards set by the Declaration
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of Helsinki (2013). Written informed parental consent was
obtained.

Subjects
Preterm infants born between 24 and 34 weeks’ GA at Monash
Newborn were recruited. Exclusion criteria included intrauterine
growth restriction, indwelling umbilical catheters, major congeni-
tal abnormalities, or major brain pathologies. All aspects of the
clinical management were at the attending physician’s discretion.

Study protocol
Infants were studied longitudinally on a weekly basis, with the first
study performed at the end of the first week of life, and continued
until 3 weeks after birth. Each study was 2–4 h in duration with
infants randomly placed both prone and supine for sleep. In the
supine position, the head was maintained in the midline and
when prone, the infant’s head was turned to one side. HR from
electrocardiogram leads (Covidien, USA) and respiratory rate,
using Respibands (ADInstruments, Australia) were recorded. BP
was measured using a small photoplethysmographic cuff (Fino-
meterTM, Finapres Medical Systems, Netherlands) placed around
the infant’s wrist as previously validated in preterm infants.22 BP
data were collected in 2-min epochs, with at least 4 min between
cuff inflations to prevent venous pooling in the hand. All
physiological parameters (HR, respiratory rate, and BP) were
recorded via a Powerlab system (ADInstruments, Australia) at a
sampling rate of 400 Hz. As minimal handling of the preterm
infant is vitally important in the early postnatal period, bed-side
scoring using behavioral criteria was utilized to determine sleep
state;23 with cardiorespiratory measures (HR and respiration)
validated as strong predictors of sleep state when compared to
gold-standard methods (that is EEG combined with behavioral
scoring).24 Sleep state was determined using established beha-
vioral criteria including eye, facial, body, limb movements as well
as respiratory and heart rate patterns noted at least every 10–30 s
at the infants cot-side. QS was characterized by the absence of eye
movements, regular respiratory and HR patterns, and absence of
body movements. In contrast, AS was characterized by the
presence of eye movements, irregular respiration HR, and frequent
gross and small body movements.23 Data were recorded and
analyzed using LabChart software (ADInstruments, Australia).

Data analysis
Artifact-free epochs that were longer than 55 s and up to 2min in
duration were selected when BP was recorded.25 Using maximum
threshold detection, systolic blood pressure (SBP) was calculated.
Spectral analysis methods were applied to assess HR variability
(HRV), and BP variability (BPV) and baroreflex sensitivity (BRS)
using MATLAB (Mathworks; Natick, Massachusetts, USA) software
(described below). All data were averaged for each sleep state and
position in each infant, at each chronological week.

Assessment of autonomic cardiovascular control. Assessment of
autonomic cardiovascular control can be achieved via spectral
analysis to quantify measures of HRV, BPV, and BRS.22,26–28

Spectral divisions of HRV and BPV reflect the relative contributions
of both the sympathetic and parasympathetic nervous system,
while transfer function analysis between SBP and R–R interval
changes estimates BRS.
Spectral analysis of R–R interval and SBP was performed to

reflect spontaneous changes in HRV and BPV, respectively. Power
spectral analysis was performed to separate R–R interval and SBP
time series into low frequency (LF) and high frequency (HF)
components.29 For HRV, the LF oscillations are attributed to
baroreflex-mediated changes and reflect both sympathetic and
parasympathetic activity.30 HF oscillations are attributed to
respiratory-related changes in HR and reflect parasympathetic
activity.30,31 The LF component of BPV is thought to be

predominantly a marker of sympathetic vasomotor regulation.30

The HF component is influenced by the mechanical effects of
respiration acting directly on intrathoracic elements of the
cardiovascular system. HF BPV is also reflective of the fast
baroreflex-mediated changes influenced by variations in cardiac
stroke volume and R–R interval that are affected by the
parasympathetic activity of BRS.30

The LF and HF ranges were defined between 0.04 and 0.15 Hz
and 0.4 and 1.5 Hz, respectively.32 LF, HF, total power (TP), and LF/
HF ratio (LF/HF) for each epoch was calculated from the area
under the power spectral density functions in each frequency
band and represent the square of the amplitude of an oscillatory
signal in the frequency range.
BRS was assessed using methods described previously.15,26

Transfer function and coherence analysis were estimated to
determine the gain, phase shift, and coherence of the coupling
between SBP (input signal) and R–R interval (output signal)
changes. Gain, phase shift, and coherence were calculated
between SBP and R–R interval changes. Gain (BRS) was chosen
at the frequency of maximum coherence (the frequency at which
there is a maximal coupling between SBP and R–R changes),
within 0.04–0.15 Hz.

Statistical analysis
Statistical analysis was performed using SPSS software v24 (IBM
SPSS, USA). To compare GA, infants were grouped into those born
extremely preterm (defined as <29 weeks GA) and very preterm
term (defined as >29 weeks GA). Data were averaged for
demographic and clinical characteristics for each GA group
(extremely and very preterm groups) at each study week
(chronological age—weeks 1, 2, and 3 after birth). Continuous
variables were compared using Student’s t-tests and categorical
data via χ2 analysis.
To compare the effects of sleep position, sleep state,

chronological age, and GA, a mixed model was performed on
each outcome variable (SBP, HR, and all spectral indices). Two
models were used with the following fixed effects: (1) position,
sleep state, chronological age, GA group, position × chronological
age interaction, and (2) position, sleep state, chronological age, GA
group, position × GA group interaction. The subject was entered
as a random effect and position, sleep state, and chronological
age were entered as repeated measures. To adjust for the
potential confounder of respiratory support on cardiovascular
dynamics, the type of respiratory support (supplemental oxygen
(O2), high flow, continuous positive airway pressure (CPAP),
intermittent positive-pressure ventilation, or no respiratory sup-
port) was entered as a covariate in each model. Multiple
comparisons were adjusted using Benjamini Hochberg’s
procedures.

RESULTS
Demographics
Demographic details for the population as a whole and in the two
GA groups are presented in Table 1. As per study design, GA at
birth, birth weight, and postmenstrual age at each weekly study
were significantly lower in the extremely preterm group. During
the study period, all infants were clinically stable, and none were
receiving inotropic medications. The extremely preterm group
consistently had more infants who required respiratory support
(including intermittent positive-pressure ventilation, continuous
positive airway pressure, and high flow) at each weekly study
compared to the very preterm group.
For ease of interpretation, Table 2 summarizes the significant

main effects of sleeping position, sleep state, gestational and
chronological age on autonomic control in preterm infants
undergoing intensive care within the first three weeks of life.
Overall, the prone sleeping position increased HR, reduced BRS,
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and increased HF BPV compared to the supine sleeping position.
LF and HF HRV were also lower during prone compared to supine
sleeping in very preterm infants. Extremely preterm infants had
lower HRV and BRS measures, and higher HF BPV compared to
very preterm infants.

Effect of sleep position
The effects of sleeping position across the first 3 weeks on HRV,
BPV, and BRS indices are presented in Figs. 1, 2 and 3, respectively.
Overall, autonomic cardiovascular control was altered in the prone
compared to the supine position. In the prone position, R–R
interval was shorter (i.e., increased HR) (main effect, P < 0.01)
(Fig. 1a), and TP HRV, LF HRV, and HF HRV were all reduced (main
effect, P < 0.01 for TP and HF, and P < 0.05 for LF) (Fig. 1b–d). There
was no significant effect of position on LF/HF HRV (Fig. 1e). For TP,
LF, and HF HRV, there was a significant interaction (position × GA
group, P < 0.01 for TP and LF, and P < 0.001 for HF) (Fig. 1b–d) and
post-hoc analysis identified all indices were lower in the prone
compared to the supine position only in the very preterm group.

For BPV, there was no effect of position on SBP, TP BPV, or LF
BPV (Fig. 2a–c). HF BPV was higher (main effect P < 0.05) (Fig. 2d)
and LF/HF BPV was lower in the prone compared to the supine
position (main effect, P ≤ 0.05) (Fig. 2e). For LF/HF BPV, there was a
significant interaction (position × GA group, P < 0.05) (Fig. 2e), and
post-hoc analyses identified LF/HF BPV was lower in the prone
compared to the supine position only in the very preterm infants.
BRS was lower in the prone compared to the supine position

(main effect, P ≤ 0.01) (Fig. 3) and there was no significant
interaction between position and GA group.
There was no significant interaction between position and

chronological age in any of the parameters analyzed.

Effect of sleep state
Overall, HRV and BPV were reduced during QS compared to AS.
The effects of sleep state across the first 3 weeks of life on HRV,
BPV, and BRS indices are also presented in Figs. 1, 2 and 3,
respectively. There was no significant effect of sleep state on R–R
interval (Fig. 1a) or SBP (Fig. 2a). During QS, TP, LF, HF, and LF/HF

Table 1. Characteristics of all preterm infants across the first 3 weeks of life.

Clinical feature All infants (n= 56) Extremely preterm (n= 23) Very preterm (n= 33)

Female 28 (50%) 10 (44%) 18 (55%)

Twina 16 (28%) 6 (26%) 10 (30%)

Gestational age at birth (weeks) 29 (24–34) 27 (24–28)b 30 (29–34)

Birth weight (g) 1307 (715–2133) 1040 (715–1719)b 1492 (1031–2133)

Week 1 (n) 53 20 33

Chronological age (days) 7 (5–9) 7 (6–9) 7 (5–9)

Postmenstrual age (weeks) 30 (25–34) 28 (25–29)b 31 (30–35)

Infants on respiratory support 28 (53%) 16 (80%)b 12 (36%)

High flow 3 (6%) 1 (5%) 2 (6%)

High flow+O2 1 (2%) 1 (5%) 0 (0%)

CPAP 19 (36%) 9 (45%) 10 (30%)

CPAP+O2 2 (4%) 2 (10%) 0 (0%)

Intermittent positive-pressure ventilation 3 (6%) 3 (15%) 0 (0%)

Week 2 (n) 49 20 29

Chronological age (days) 12 (12–16) 14 (12–16) 13 (12–16)

Postmenstrual age (weeks) 31 (27–36) 29 (27–30)b 32 (31–36)

Infants on respiratory support 24 (48%) 16 (80%)b 8 (28%)

High flow 4 (8%) 0 (0%) 4 (14%)

High flow+O2 2 (4%) 2 (10%) 0 (0%)

CPAP 11 (23%) 7 (35%) 4 (14%)

CPAP+O2 4 (8%) 4 (20%) 0 (0%)

Intermittent positive-pressure ventilation 3 (6%) 3 (15%) 0 (0%)

Week 3 (n) 40 18 22

Chronological age (days) 21 (17–23) 21 (19–23) 20 (17–23)

Postmenstrual age (weeks) 32 (28–37) 30 (28–31)b 33 (32–37)

Infants on respiratory support 19 (49%) 14 (78%)b 5 (23%)

High flow 3 (7%) 1 (6%) 2 (9%)

High flow+O2 2 (5%) 2 (11%) 0 (0%)

CPAP 9 (22%) 6 (33%) 3 (14%)

CPAP+O2 2 (5%) 2 (11%) 0 (0%)

Intermittent positive-pressure ventilation 3 (8%) 3 (17%) 0 (0%)

Values presented as n (%) or median (range) except birth weight, which is presented as mean (range).
aOnly one infant was recruited from a twin pregnancy.
bP < 0.05 extremely preterm vs very preterm.

Prone sleeping affects cardiovascular control in preterm infants in NICU
KL Shepherd et al.

199

Pediatric Research (2021) 90:197 – 204



HRV were all reduced compared to AS (main effect, P < 0.001 for
TP and LF, and p < 0.01 for HF and LF/HF) (Fig. 1b–e).
BPV was also affected by sleep state, with TP, LF and HF BPV all

reduced during QS when compared to AS (main effect for all P <
0.001) (Fig. 2b–d). There was no effect of sleep state on LF/HF BPV
(Fig. 2e) or BRS (Fig. 3).
There were no significant interactions between position and

state in any of the parameters analyzed.

Effect of gestational and chronological ages
As expected, extremely preterm infants had lower HRV and BRS
compared to very preterm infants. TP, LF, and HF HRV were
reduced in the extremely preterm group compared to the very
preterm group (main effect, P < 0.001 for all) (Figs. 1b–d and 3). In
contrast, in the extremely preterm group when compared to the
very preterm group, TP and HF BPV were higher (main effect, P <
0.05 for TP, and P < 0.001 for HF) (Fig. 2b, d) and LF/HF BPV was
reduced (main effect, P < 0.001) (Fig. 2e). There was no effect of
the GA group on R–R interval, LF/HF HRV, SBP, or LF BPV.
Chronological age had minimal effects on autonomic control

indices, with the exception of R–R interval that was shortened (i.e.,
increased HR) (main effect, P < 0.001) (Fig. 1a), and SBP that was
increased (main effect, P < 0.01) (Fig. 2a) with increasing chron-
ological age. Post-hoc analysis identified that R–R intervals were
shorter (higher HR) at week 3 compared to weeks 1 and 2, and SBP
was higher at week 3 compared with week 1. There was no effect of
increasing chronological age on any of the HRV, BPV, or BRS indices.

DISCUSSION
This is the first study to assess the effects of sleep position, while
taking sleep state into account, on autonomic control of HR and BP
in preterm infants during their first 3 weeks in the NICU, when the
risks of cardiovascular compromise are greatest. When sleeping
prone, HR was higher, BRS was lower and HF BPV was higher
compared to sleeping in the supine position in both extremely and
very preterm infants. In addition, in the very preterm group only, the
prone position reduced HRV. As predicted, autonomic control was
dependent on sleep state, with HRV and BPV being lower during QS
compared to AS, confirming the predominance of parasympathetic
activity in QS,33 and the importance of taking sleep state into
account when evaluating autonomic control in preterm infants.
Importantly, we identified no interaction between sleeping position
and sleep state, or between sleeping position and chronological age,
indicating that infants may be vulnerable to these position-related
changes at all times during sleep and across the first three weeks of
the neonatal period.

Prone positioning
Notably, the majority of studies investigating autonomic control in
the prone position in the NICU have examined HR alone. A

strength of our study was the ability to assess control of both HR
and BP to gain a greater insight into baroreflex function. For the
first time, this study showed that the prone position reduced BRS
in preterm infants undergoing intensive care across the first
3 weeks of life. Furthermore, we confirmed previous studies
showing that HRV is reduced and HR increased in the prone
position in very preterm infants,18,20,34 suggestive of parasympa-
thetic withdrawal. Reduced BRS during prone sleeping indicates
potential impairment of BP control in this position, possibly
caused by dampened HR responses (particularly in the very
preterm group) to changes in BP. Interestingly, the prone sleeping
position also increased HF BPV. This increase in HF BP fluctuations
is likely due to larger respiratory-related swings in BP, mediated by
the higher tidal volume in this position.9 We speculate that
increased HF BPV in the prone position may also be a product of
the dampened BRS in this position. Pagani et al., report that HF
BPV is buffered by the baroreflex via the fast-acting parasympa-
thetic inputs to the heart. Accordingly, with lower BRS in the prone
position, HF BP changes may not be completely buffered by the
baroreflex response, leading to larger fluctuations in BP in this
position.35 In support of this speculation, we found the HF HRV
(reflecting parasympathetic activity) was also reduced when
prone. Taken together, and in line with our hypothesis, these
results suggest the prone position is associated with dampened
baroreflex functioning and HR control. This dampening of
autonomic control could potentially render the preterm infant
vulnerable to hypotensive and hypertensive events.36 However,
further studies (e.g., a randomized controlled trial) with a larger
number of infants are required to assess the impact of position-
related dampened autonomic control on blood pressure fluctua-
tions and the neonatal brain, as well as long-term neurodevelop-
mental outcomes to determine the clinical significance of these
findings.
The mechanism/s underlying the position-related autonomic

responses in preterm infants are not yet fully understood. One
potential mechanism may relate to a thermoregulatory-
mediated response. The prone position is associated with a
decreased ability to dissipate heat,37 leading to peripheral
vasodilation in order to promote heat loss. This vasodilation is
thought to cause a compensatory rise in HR by the baroreflex to
maintain adequate BP and organ perfusion.10,38 In our study, we
did not measure skin or core body temperature, however, there
was an increase in HR in the prone compared to the supine
position, while SBP was maintained between positions. The
changes in HRV measures in the prone position in this study are
also in line with the physiological response to an increase in
body temperature. Studies show that higher body temperature
decreases both LF and HF HRV together with an increase in HR.19

It is believed that these changes reflect both an increase in
sympathetic activity and parasympathetic withdrawal.36 In
contrast to this contention, other studies have identified that

Table 2. Main significant effects of sleeping position, sleep state, gestational, and chronological age on autonomic control.

Position State Gestational age Chronological age

Prone vs supine QS vs AS Extremely vs very preterm Week 3 vs weeks 1 and 2

HR ↑ – – ↑

SBP – – – ↑

HRV ↓ LF, HF, total—only in very preterm infants ↓ LF, HF, total ↓ LF, HF, total –

BPV ↑ HF ↑ HF, total –

BRS ↓ ↓ –

Summary of the significant main effects (P < 0.05) of sleeping position, sleep state, gestational, and chronological age on R–R interval and systolic blood
pressure (SBP). As well as spectral indices of heart rate variability (HRV), blood pressure variability (BPV), and baroreflex sensitivity (BRS) assessed in low (LF)
and high (HF) bands.
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skin blood flow is reduced in the prone position in preterm
infants via increased systemic vascular resistance, which is
thought to be a compensatory response to reduced cardiac
output in the prone position as a result of increased in
intrathoracic pressure in this position.39,40 The reduced cardiac
output during prone sleeping could also underpin the higher
HR, which serves to maintain SBP. Alternatively, reduced BRS in
the prone position and with lower GA may be caused by
cerebral hemodynamic mechanisms. We have previously shown
that prone sleeping increased cerebral fractional oxygen
extraction in extremely preterm infants in the first week of life,
suggesting reduced cerebral blood flow in this position in the

youngest infants.17 To confirm this, further studies investigating
the relationship between autonomic activity and cerebral
oxygenation in preterm infants still in NICU are required.

Gestational age
This study also found that GA at birth had an effect on position-
related differences on autonomic control parameters, with prone
sleeping reducing HRV and LF/HF BPV in the very preterm group
only. Our findings are consistent with a number of cross-sectional
studies, which also found that the prone position increases HR and
reduces HRV in very preterm infants.18,20,34,36 To our knowledge, no
other studies have investigated the effects of sleeping position on
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HRV in extremely preterm infants during the early postnatal period.
Notably, in the extremely preterm group, we found very low HRV
values, a finding consistent with the well-established concept that
preterm birth has a significant effect on autonomic control with
preterm infants born at the earliest GAs having lower HRV41,42 and
lower BRS.43,44 Therefore, in extremely preterm infants, who already
manifest very low values of HRV, position-related changes may not
be apparent, as autonomic control may be functionally immature
and/or at minimal levels, and hence cannot be altered further. As a
result, it is possible that the baroreflex is limited in extremely
preterm infants by their very low HRV, due to immaturity of the
autonomic nervous system and its central regulation.

This immaturity of the autonomic nervous system was also
reflected by BPV indices. We found TP and HF BPV were higher
and LF/HF BPV was lower in the extreme compared to the very
preterm group. These changes may be a consequence of the
lower HF HRV and lower BRS in the extremely preterm infants.
Previous studies have also identified reduced HR control in
preterm infants, with a marked reduction in HF HRV in those born
at the earliest GAs,3,25,45 suggesting reduced parasympathetic
input. Animal studies show that the sympathetic limb of the
baroreflex develops early in fetal life and decreases during
postnatal maturation, whereas the parasympathetic limb develops
in late gestation and increases postnatally.46,47 Therefore,
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extremely preterm birth, which occurs before/during important
maturation of the parasympathetic branch in late gestation, may
significantly impact parasympathetic cardiovascular control. In
addition, the respiratory effects on BP may be more marked in
extremely preterm infants who have a worse respiratory function
and receive higher levels of respiratory support. Increased
respiratory dysfunction, and type and level of respiratory support
(e.g., mechanical ventilation) in the extremely preterm group, may
lead to higher fluctuations in tidal volumes and contribute to
greater HF oscillations in BP, albeit the same GA differences were
observed after adjusting for type of respiratory support. Accord-
ingly, these respiratory-induced influences on BP, together with
limited BRS and diminished parasympathetic responses in BRS, HR,
and cardiac output may contribute to cardiovascular instability in
the extremely preterm infants.

LIMITATIONS
Our study has several limitations. The study population included
infants who were clinically stable, without significant intraven-
tricular hemorrhage, had relatively mild respiratory dysfunction
as evidenced by their oxygen requirement of <40%, and no
infants were receiving inotropic support. Further studies are
needed to verify our findings in clinically unstable infants with
hemodynamic and respiratory instability, who are most often
slept in the prone position. In addition, we analyzed HR and BP
epochs that were free of apneas and desaturations, as our aim
was to analyze responses primarily due to the baroreflex rather
than responses driven by either hypoxia and/ or respiratory
events. Studies investigating the effect of these respiratory
events on autonomic function may prove to be important as
many preterm infants experience respiratory distress and this
may have lasting effects on central and peripheral mechanisms
that control HR and BP. Using a longitudinal design, we
evaluated position, state, and age-related changes during the
first 3 weeks of life. What remains unknown is the long-term
impacts of prone positioning and the effects on neurodevelop-
mental and respiratory outcomes, which should be assessed in a
randomized control trial setting.

Clinical implications
Prone positioning is widely used in NICUs as it improves respiratory
function, however, our study showed that prone positioning
dampens autonomic cardiovascular control. As a legacy of their
premature birth, preterm infants have immature cardiovascular
control and the risk of circulatory failure and low cerebral perfusion
is high in the early postnatal weeks. Placing a preterm infant in the
prone position may further amplify impairment of cardiovascular
control by favoring parasympathetic withdrawal and dampening the
cardio-vagal baroreflex. Reduced BRS could potentially pre-dispose
an infant to hypotensive or hypertensive events, as changes in BP
may not be buffered appropriately. As such, the preterm infant may
experience periods of cardiovascular instability, including both low
and high BP, as well as larger fluctuations in BP, which could
increase the risk of hyper- and hypo-perfusion, particularly to the
brain. However, we acknowledge that these findings only demon-
strate dampened cardiovascular control in the prone position and
the clinical significance of these position-related changes is
unknown. On the other hand, the short-term respiratory benefits
of prone sleeping in the NICU are well-reported and clinically
relevant. Therefore, further studies are required to determine (1)
whether dampened cardiovascular control in the prone position
affects cerebral perfusion in clinically unstable infants (2) which and
when infants are most vulnerable and (3) whether there are any
adverse effects on neonatal brain structure and function. This
information would provide important evidence on both the clinical
advantages and disadvantages (if any) of the prone sleeping
position for best practice in the NICU.

CONCLUSIONS
This is the first study to investigate position-related effects on
both HR and BP control in infants born extremely and very
preterm and demonstrated that the prone position increased HR,
reduced BRS, and increased HF BPV across the first 3 weeks of life.
Prone positioning dampened autonomic control of HR in only the
very preterm infants. In addition, extremely preterm infants had
immature autonomic control with reduced autonomic heart rate
activity, impaired baroreflex, and larger fluctuations in BP
compared to very preterm infants. These results reveal both the
prone position and early GA at birth impair autonomic control in
the first 3 weeks of life. Further studies are required to determine
the clinical significance of impaired autonomic control in the
prone position and the association with cardiovascular instability
in preterm infants during the early neonatal period.
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