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INTRODUCTION
Preterm birth is common and increasing in incidence, with 

rates ranging from 5% to 18% of live births worldwide.1 Prema-
turity is associated with a range of complications including an 
increased risk for the sudden infant death syndrome (SIDS),2 
with infants born at earlier gestational ages (GA) at greater 
risk.2,3 SIDS occurs with a peak incidence at 2–3 months of 
age.4 One of the current theories to explain SIDS is impaired 
cardiovascular control leading to an uncompensated hypoten-
sive episode and a failure to arouse from sleep.5 Despite suc-
cessful reducing the risks campaigns alerting parents to the 
risks of prone sleeping, approximately 30% of infant deaths 
still occur in this position.3 The increased risk for SIDS with 
prone sleeping has been attributed to diminished cardiovas-
cular control in this position, a finding reported for both term 
and preterm infants.6–9

Autonomic control of the cardiovascular system can be as-
sessed noninvasively through spectral analysis of spontaneous 
beat-to-beat changes in heart rate (HR), known as heart rate 
variability (HRV).10 Spectral divisions of HRV reflect the rela-
tive contributions of the two branches of the autonomic ner-
vous system: low frequency (LF; 0.04–0.15 Hz) reflects mixed 
sympathetic and parasympathetic activity, high frequency 
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(HF; 0.4–1.5 Hz) reflects parasympathetic activity; while the 
ratio of LF to HF (LF/HF) reflects sympathovagal balance.11 
Alterations in HRV have been reported in infants born pre-
term12–17 and in adults with cardiovascular disease.18

Autonomic function matures across gestation before term-
equivalent age.19–21 Preterm birth appears to delay maturation 
of HRV as preterm infants have lower HRV than term infants 
at term-equivalent age.12–14,17 Maturation of HF HRV, reflecting 
parasympathetic activity is primarily affected,13,15 resulting 
in alterations in sympathovagal balance in preterm infants at 
term-equivalent age. One study has shown that these altera-
tions in HRV persist beyond term-equivalent age, with delayed 
maturation of both LF and HF HRV resulting in significant 
reductions in these parameters at 5–6 months post-term age 
compared to term infants in the supine position.22

Despite preterm infants born at earlier GA being at greater 
risk for SIDS, the effect of GA at birth on maturation of HRV 
beyond term-equivalent age in healthy preterm infants has not 
been assessed. Furthermore, it is unclear if prone sleeping has 
greater effects on HRV in infants born at earlier GAs. In this 
study we aimed to assess (1) the effect of GA at birth on HRV 
within the first six months after term-equivalent age and (2) 
the effect of prone sleeping on HRV in preterm infants. We 
hypothesized that HRV would be reduced in infants born at 
earlier GA and in preterm infants in the prone sleep position, 
particularly those infants born at younger GA.

METHODS
Ethical approval for this study was obtained from the 

Monash University and Monash Health human research ethics 
committees. Written parental consent was obtained prior to 
the commencement of each study.
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Subjects
Thirty-five preterm infants (21M, 14F) born between 26–36 

weeks of GA were recruited. Initial analysis identified an ef-
fect of GA at birth on HRV parameters; thus infants were sub-
sequently divided into a very preterm group, born prior to 32 
weeks GA (n = 21) and a preterm group, born between 32 and 
36 weeks GA (n = 14). Data were compared to those of 17 term 
infants born between 38 and 42 weeks GA. Exclusion criteria 
for all infants included maternal smoking, family history of 
SIDS, and intrauterine growth restriction. For the preterm in-
fants exclusion criteria also included significant intraventric-
ular hemorrhage (Grade III or IV), clinically significant patent 
ductus arteriosus, major congenital abnormalities and chronic 
lung disease requiring respiratory stimulant medication or ox-
ygen therapy at term-equivalent age. In the instance that twins 
were recruited, only one infant was studied. All infants rou-
tinely slept supine at home.

Infants underwent daytime polysomnography at three post-
term ages; 2–4 weeks, 2–3 months, and 5–6 months (post-term 
corrected age [CA] for preterm infants). Fifteen very preterm 
and 9 preterm infants were studied at all 3 ages, 4 very preterm 
and 3 preterm infants were studied at only 2–4 weeks CA due 
to withdrawal from the study, and 2 very preterm and 2 pre-
term infants were studied only at 2–3 months and 5–6 months 
CA as they were unable to attend the 2–4 weeks CA study due 
to illness or extenuating circumstances. Term infants were all 
studied at 3 ages.

Daytime Polysomnography
Polysomnography electrodes were applied during a 

morning feed and included electroencephalogram, electro-
oculogram, submental electromyogram, electrocardiogram, 
and abdominal and thoracic respiratory belts (Resp-ez 
bands, EPM Systems, Midlothian, VA, USA). In addition 
to the standard polysomnography measures arterial oxygen 
saturation (SpO2) (Masimo, Frenchs Forest, NSW, Aus-
tralia) and abdominal skin temperature (ADInstruments, 
Sydney, NSW, Australia) were also recorded. Blood pres-
sure (BP) was recorded continuously using a Finometer 
(Finapres Medical Systems, Amsterdam, The Netherlands) 
photoplethysmographic cuff placed around the infant’s 
wrist using a technique previously validated by our group.23 
Cerebral tissue oxygenation index (TOI) was also recorded 
using near-infrared spectroscopy (NIRO-200 spectropho-
tometer, Hamamatsu Photonics KK, Tokyo, Japan). BP and 
cerebral TOI data have been reported previously in the pre-
term group24 and the term group25 and are not presented in 
this paper.

Daytime polysomnographic studies were performed in 
a quiet and dimly lit sleep laboratory kept at constant tem-
perature (22–24°C). Sleep duration averaged 3.4 ± 0.2 h at 
2–4 weeks, 3.0 ± 0.2 h at 2–3 months, and 2.3 ± 0.2 h at 
5–6 months CA. Infants slept in both the prone and supine 
sleep position with the initial sleep position randomized be-
tween studies. Sleep position was usually changed following 
a midday feed. Data were recorded in both quiet sleep (QS) 
and active sleep (AS). In the supine position, the mean dura-
tion recorded for QS was 50 min at 2–4 weeks, 48 min at 2–3 
months, and 54 min at 5–6 months CA; and for AS was 48 

min at 2–4 weeks, 35 min at 2–3 months, and 34 min at 5–6 
months CA. In the prone position, the mean sleep duration 
recorded for QS was 44 min at 2–4 weeks, 45 min at 2–3 
months, and 34 min at 5–6 months CA; and for AS was 46 
min at 2–4 weeks, 43 min at 2–3 months, and 22 min at 5–6 
months CA.

Data were recorded in 1- to 2-min epochs during which the 
BP cuff was inflated with ≥ 2 min between cuff inflations to 
prevent venous pooling in the hand. At least 3 epochs were 
recorded in each sleep state and position in each infant.

All physiological variables, including ECG, were recorded 
with a sampling rate of 512 Hz using an E-series sleep system 
with Profusion software (Compumedics, Abbotsford, VIC, 
Australia).

Data Analysis
Data analysis was performed offline at the completion of 

each study. Our methods for analysis of HRV have been de-
scribed previously.7,23,26,27 Briefly, artifact-free epochs of ECG 
data of 1–2 min in duration were selected from LabChart 
(ADInstruments, Sydney, NSW, Australia) and transferred to 
MATLAB (Mathworks, Natick, MA)7,27 for analysis. Heart pe-
riod (HP) and respiratory rate (RR) were calculated using au-
tomated peak detection and beat-to-beat data were resampled 
at 200 Hz (cubic interpolation) to create an evenly spaced and 
continuous time series for further analysis.

Fast Fourier transformations were used to calculate the 
spectral power for HP. Each epoch was detrended and divided 
into 4 overlapping segments with 75% overlap. A Hamming 
window was used to reduce spectral leakage and the halving 
of measured power caused by windowing was corrected for. 
Power spectra were calculated for HRV within 2 frequency 
bands: low frequency ([LF] 0.04–0.15 Hz) reflecting slow os-
cillations attributed to the baroreflex which occur maximally 
at a frequency of approximately 0.1 Hz, and high frequency 
(HF) which was calculated for each infant based on respiratory 
frequency and is defined by the 10th and 90th centiles of the 
respiratory rate. Total power (TP) and the LF/HF ratio (LF/HF) 
were also calculated. The power values represent the square 
of the amplitude of an oscillatory signal in the identified fre-
quency range.28,29

Statistical Analysis
Statistical analysis was performed using Sigmaplot 12.0 

(Systat Software Inc, IL, USA). Data that failed normality 
were transformed using the logarithm function. The effects 
of GA were tested with linear regression, and as a signifi-
cant effect on all HRV parameters was identified, all further 
analyses were performed comparing 2 groups of preterm 
infants, very preterm or preterm, and the term group. The 
effect of sleep state and position was determined using two 
way analysis of variance (ANOVA). The effect of GA at birth 
(very preterm, preterm, or term) and post-term CA was de-
termined using two-way ANOVA within each sleep state 
and position. Where a significant difference was detected on 
ANOVA (P < 0.05), Student-Newman-Keuls post hoc anal-
ysis was used to determine where the difference occurred. 
Values are presented as mean ± standard error of the mean 
(SEM).
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RESULTS
By design, very preterm and preterm infants had younger 

GA at birth and lower birth weight compared to term infants 
(very preterm < preterm < term; P < 0.05 for all). Very preterm 
infants had lower 1-min Apgar scores than preterm and term 
infants (P < 0.05) and lower 5-min Apgar scores than term 
infants (P < 0.05). There were no differences in age or weight 
between the 3 groups at the time of each study (Table 1).

Effect of Gestational Age
The effect of GA at birth on HRV in QS is shown in Figure 1. 

There was no significant effect of GA on LF HRV in either the 
supine or prone position. At 2–3 months CA, HF HRV was 
lower in very preterm than term infants (P < 0.01) in the supine 
position and in both the very preterm and preterm groups than 
the term group in the prone position (P < 0.05 for both). The 
LF/HF averaged higher in very preterm compared to both the 
preterm and term groups at 2–3 months CA, reaching statis-
tical significance in the supine position (P < 0.05 for both). TP 
HRV was not different between groups in either the supine or 
prone position.

The effect of GA at birth on HRV in AS is shown in Figure 2. 
The LF/HF ratio was significantly higher in preterm than term 
infants at 2–4 weeks CA (P < 0.05). There were no other dif-
ferences in HRV parameters between groups in either sleep 
position.

Maturation of HRV Parameters
The effects of increasing post-term age on HRV indices 

during QS are presented in Figure 3. LF HRV increased in the 
supine position in preterm infants between 2–4 weeks and 2–3 
months (P < 0.05) and between 2–4 weeks and 5–6 months 
(P < 0.001). In the prone position there was no effect of post-
term age. HF HRV increased from 2–4 weeks to 2–3 months 
CA in all infant groups in both the supine (P < 0.01 for all) and 
prone positions (P < 0.05 for all). However, in very preterm 
infants this developmental increase was delayed, with the in-
crease in HF HRV starting at a later age of 2–3 months CA. 
The LF/HF did not change with age in the preterm or term 
groups in the supine position. In contrast, there was a peak in 
the LF/HF at 2–3 months CA in very preterm infants, resulting 
in a sharp decrease between 2–3 months and 5–6 months CA. 
In the prone position, there was no effect of post-term age on 
LF/HF in any group. TP HRV increased with age in all infant 
groups, with a greater increase seen in the preterm and term 
groups in the supine position (2–4 weeks versus 5–6 months: 
very preterm P < 0.05; preterm P < 0.001; and term P < 0.01) 
and in the term group in the prone position (2–4 weeks versus 
5–6 months: very preterm P < 0.01; preterm P < 0.01; term 
P < 0.001).

Figure 4 shows the effect of post-term age on HRV param-
eters in AS in the supine and prone positions. LF HRV was 
not altered by post-term age in either sleep position. HF HRV 
increased from 2–4 weeks to 5–6 months CA in both very pre-
term (P < 0.05) and preterm infants (P < 0.05) in the supine 
position, and in very preterm infants (P < 0.05) in the prone po-
sition. LF/HF decreased from 2–4 weeks to 5–6 months CA in 
very preterm (P < 0.05) and preterm infants (P < 0.05) in both 
sleep positions. In term infants, post-term age had no effect on 

LF/HF in the supine position, but LF/HF decreased from 2–4 
weeks to 5–6 months in the prone position (P < 0.05). There 
was no significant effect of post-term age on TP HRV in any 
group in either sleep position.

Effect of Sleeping Position
The effect of sleep position on HRV parameters is shown 

in Table 2. There was no significant effect of sleeping posi-
tion on LF, HF, TP HRV or LF/HF in either the very preterm 
or preterm infants in either AS or QS at any age. In contrast, 
in term infants, LF/HF was higher in the prone position in 
AS at 2–4 weeks (P < 0.05). There was no significant effect 
of sleep position on LF, HF or TP HRV; however, LF HRV 
tended to be lower in the prone position in QS at 2–3 months 
(P = 0.09).

Effect of Sleep State
The effect of sleep state on HRV parameters is also shown in 

Table 2. In very preterm infants LF HRV, LF/HF, and TP HRV 
were higher in AS than QS in the prone position at 2–4 weeks 
CA (P < 0.05 for all). There was no effect of sleep state on HRV 
at 2–3 months or 5–6 months CA in either position.

In preterm infants LF HRV and TP HRV were higher in 
AS than QS in both sleep positions (P < 0.01), and LF/HF 
was higher in AS than QS in the supine position (P < 0.05) at 
2–4 weeks CA. At 2–3 months, there was an overall effect of 
sleep state on LF HRV (P < 0.05); however, post hoc analysis 
was unable to identify where the difference occurred. At 5–6 
months there was no effect of sleep state on HRV.

In term infants, LF HRV was higher in AS than QS at 2–4 
weeks and 2–3 months in both the supine and prone positions 
(P < 0.05 for all). LF/HF was higher in AS than QS in the prone 
position at 2–4 weeks (P < 0.01) and 2–3 months (P < 0.05), 
and in the supine position at 5–6 months (P < 0.05). TP HRV 

Table 1—Characteristics of very preterm, preterm and term infants. 

Very Preterm 
(n = 19)

Preterm 
(n = 14)

Term
(n = 17)

Gestation (weeks) 29.4 (0.3)*, # 33.5 (0.3)^ 40.1 (0.3)
Birth weight (g) 1,366 (62)*, # 2,221 (109)^ 3,666 (105)
Apgar score

1 min 6 (2–9)*, # 8.5 (3–9) 9 (7–9)
5 min 8 (4–9) # 9 (5–9) 9 (9–10)

2–4 weeks
Age (weeks) 3.1 (0.2) 3.2 (0.1) 3.4 (0.1)
Weight (kg) 3.6 (0.1) 3.9 (0.2) 4.0 (0.1)

2–3 months
Age (weeks) 10.6 (0.1) 10.6 (0.4) 10.6 (0.2)
Weight (kg) 5.0 (0.2) 5.8 (0.3) 5.2 (0.2)

5–6 months
Age (weeks) 23.0 (0.3) 22.4 (0.4) 22.3 (0.3)
Weight (kg) 6.9 (0.2) 7.6 (0.4) 7.0 (0.2)

Values are mean (SEM) with the exception of Apgar scores which 
are median (range). Age at study is corrected age for preterm infants. 
*P < 0.05 very preterm versus preterm; #P < 0.05 very preterm versus 
term; ^P < 0.05 preterm versus term. 
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was higher in AS than QS in both sleep positions at 2–4 weeks 
and in the prone position at 2–3 months (P < 0.05 for all). There 
was no effect of sleep state on HF HRV at any age or on LF or 
TP HRV at 5–6 months.

DISCUSSION
This study provides novel data on the effect of GA at birth 

and sleeping position on HRV parameters in preterm infants 
across the first six months following term-equivalent age. We 

Figure 1—Effect of gestational age on HRV parameters in quiet sleep in the supine (A–D) and prone (E–H) positions. Values are mean ± SEM. *P < 0.05, 
**P < 0.01. HF, high frequency; HRV, heart rate variability; LF, low frequency.
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have shown that HF HRV is lower and LF/HF higher at 2–3 
months post-term in very preterm compared to preterm and 
term infants in QS. These findings suggest altered autonomic 
HR control in very preterm infants during the developmental 

period in which the risk of SIDS is maximal. Contrary to our 
hypothesis we found no effect of prone sleeping on HRV pa-
rameters in this cohort of preterm infants, even in those infants 
born at earlier GA.

Figure 2—Effect of gestational age on HRV parameters in active sleep in the supine  (A–D) and prone (E–H) positions. Values are mean ± SEM. *P < 0.05. 
HF, high frequency; HRV, heart rate variability; LF, low frequency.
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Effect of Gestational Age at Birth
We have demonstrated that preterm birth has persistent ef-

fects on autonomic control of HR, particularly in those infants 
born very preterm. At 2–3 months CA, HF HRV, reflecting 

parasympathetic activity, was significantly reduced in very 
preterm compared to both preterm and term infants in QS. 
As a result, the LF/HF ratio was elevated in very preterm in-
fants most prominently at 2–3 months CA, suggesting altered 

Figure 3—Effect of post-term age on HRV parameters in quiet sleep in the supine (A–D) and prone (E–H) positions in infants born very preterm, preterm 
and term. Values are mean ± SEM. *P < 0.05, **P < 0.01, ***P < 0.001. HF, high frequency; HRV, heart rate variability; LF, low frequency.
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sympathovagal balance with a predominance of sympathetic 
activity.

Our findings of significantly reduced HF HRV and elevated 
LF/HF ratio at 2–3 months CA have significant implications 

for SIDS. Studies of infants who later succumbed to SIDS have 
found similar alterations in autonomic control of HR with re-
duced parasympathetic activity30 and elevated LF/HF ratio.31 
Furthermore, our data suggest that the delay in maturation of 

Figure 4—Effect of post-term age on HRV parameters in active sleep in the supine (A–D) and prone (E–H) positions in infants born very preterm, preterm 
and term. Values are mean ± SEM. *P < 0.05, **P < 0.01. HF, high frequency; HRV, heart rate variability; LF, low frequency.
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HF HRV and subsequent alteration in sympathovagal balance 
in infants born very preterm only becomes significant at 2–3 
months CA, coinciding with the period of peak risk for SIDS. 
This supports Filiano and Kinney’s triple risk model, which 
suggests that SIDS deaths occur when three elements of risk 
interact; thus an underlying vulnerability may lie dormant 
until a critical developmental period is reached and an external 
stressor is present.32 We acknowledge that the period of peak 
SIDS risk in preterm infants occurs between 7–9 weeks post-
term depending on GA at birth,2 slightly earlier than the peak 
seen in term infants. Therefore, it is possible that our study 
underestimates the effect of preterm birth on HRV and deficits 
in HF HRV in very preterm infants may be greater at a slightly 
earlier post-term age.

When examining the maturational trajectories of HRV 
across the first 6 months post-term we identified that delayed 
maturation of parasympathetic activity in very preterm in-
fants is most prominent prior to 2–3 months CA. Between 
2–3 months and 5–6 months CA, HF HRV follows a similar 
trajectory to that seen in preterm and term infants; however, 
although HF HRV activity increases to 5–6 months, it remains 
lower in very preterm infants than the other groups. This may 

be an indicator of early cardiovascular dysfunction, which 
could predispose infants born preterm to cardiovascular dis-
ease in adult life.33 In adults, reduced HRV has been reported 
in hypertensive patients18 and is associated with a significantly 
increased risk of experiencing a cardiac event.34

A number of previous studies in preterm infants conducted 
prior to term age have also found that maturation of parasympa-
thetic activity is predominantly affected by preterm birth, while 
sympathetic maturation is relatively maintained.13,15,17 Our data 
build on these data and suggest that greater impairment in para-
sympathetic maturation occurs in infants born very preterm (prior 
to 32 weeks of gestation). This is likely to be due to differences 
in fetal maturation of the branches of the autonomic nervous 
system. While sympathetic activity is predominant throughout 
gestation, parasympathetic activity undergoes a period of rapid 
maturation between 25 and 32 weeks of gestation.21,35,36 There-
fore, very preterm birth, which occurs during this period, and the 
accompanying stresses of ex-utero life may significantly impact 
on normal parasympathetic maturation. We have demonstrated 
that this results in significantly reduced parasympathetic activity 
and altered sympathovagal balance in healthy infants born very 
preterm that persists until 2–3 months post-term age.

Table 2—Effect of sleep state and sleep position on heart rate variability parameters in very preterm, preterm and term infants. 

LF HRV HF HRV LF/HF Total Power HRV
Supine Prone Supine Prone Supine Prone Supine Prone

Very Preterm
2–4 weeks

QS 227 (53) 147 (31)** 27 (7) 30 (14) 15 (4) 16 (5)* 347 (71) 253 (61)*
AS 664 (227) 586 (167) 29 (6) 43 (17) 22 (5) 36 (11) 852 (281) 753 (214)

2–3 months
QS 355 (89) 261 (63) 33 (9) 45 (15) 27 (8) 16 (5) 481 (108) 392 (87)
AS 411 (95) 386 (103) 30 (11) 37 (14) 19 (4) 22 (7) 566 (148) 548 (157)

5–6 months
QS 339 (56) 336 (83) 113 (27) 141 (59) 9 (2) 7 (2) 641 (101) 657 (139)
AS 436 (149) 341 (47) 168 (59) 104 (29) 6 (2) 6 (2) 793 (236) 638 (99)

Preterm
2–4 weeks

QS 121 (34)** 137 (53)** 20 (8) 29 (16) 20 (7)* 12 (3) 190 (50)** 231 (80)**
AS 554 (166) 591 (194) 25 (14) 23 (6) 39 (10) 38 (11) 680 (193) 761 (233)

2–3 months
QS 284 (51) 273 (82) 75 (20) 86 (21) 9 (2) 7 (2) 501 (66) 523 (110)
AS 581 (128) 553 (178) 109 (35) 56 (14) 15 (5) 13 (3) 1,021 (211) 786 (237)

5–6 months
QS 381 (78) 239 (63) 203 (59) 152 (59) 5 (1) 4 (1) 840 (163) 577 (147)
AS 355 (63) 340 (131) 128 (38) 127 (61) 10 (3) 7 (2) 652 (109) 713 (291)

Term
2–4 weeks

QS 172 (59)* 112 (27)** 70 (30) 41 (18) 8 (2) 10 (3)** 363 (126)* 217 (59)*
AS 390 (110) 306 (55) 121 (56) 52 (33) 11 (4) † 23 (4) 866 (288) 510 (133)

2–3 months
QS 292 (51)* 208 (58)*** 120 (34) 83 (24) 10 (4) 6 (1)* 595 (131) 407 (105)*
AS 448 (51) 437 (63) 82 (25) 92 (24) 18 (8) 16 (5) 764 (127) 746 (133)

5–6 months
QS 414 (87) 307 (60) 70 (71) 214 (55) 4 (1)* 6 (2) 965 (194) 852 (217)
AS 469 (131) 315 (51) 120 (52) 109 (31) 11 (3) 11 (3) 808 (235) 581 (89)

Values are mean (SEM). *P < 0.05, **P < 0.01, ***P < 0.001 QS versus AS; †P < 0.05 supine versus prone. AS, active sleep; HF, high frequency; HRV, heart 
rate variability; LF, low frequency; QS, quiet sleep.
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Finally, differences in HRV were observed only in QS, with 
no significant differences in HRV parameters seen between 
groups in AS. This is likely to be due to the predominance of 
sympathetic activity seen in AS and is consistent with previous 
studies in the supine position that have found no difference in 
HRV parameters between preterm and term infants in AS.22

Effect of Sleep Position and Sleep State
We found no significant effect of prone sleeping on HRV as-

sessed in the frequency domain in either preterm or very preterm 
infants studied between 2–4 weeks and 5–6 months post-term 
CA. In term infants, LF/HF ratio was higher in the prone than 
the supine position at 2–4 weeks in AS. Prone sleeping is well 
established as a major risk factor for SIDS,4 and in term in-
fants, prone sleeping has been associated with reduced blood 
pressure37 and alterations in cardiovascular control.7,38 However, 
the effect of sleep position on HRV in term infants is unclear. 
Gabai et al. found reduced short and long-term HRV in the 
prone compared to the supine position in term infants assessed 
within 3 days of birth overnight.39 Similarly, HRV parameters 
were found to be reduced prone compared to supine in term 
infants studied up to 4 months of age during the daytime.40,41 
In term infants studied overnight at 2–3 months of age, Franco 
et al. found lower normalized power and higher bandwidth of 
HF HRV in the prone sleep position; but no effect of position 
on LF HRV or LF/HF ratio.6 In preterm infants assessed during 
daytime sleep prior to term-equivalent age, prone sleeping was 
associated with diminished HRV compared to the supine posi-
tion in QS.42 Another study found prone sleeping particularly 
affected LF HRV, suggesting diminished sympathetic activity.8 
When assessed at 1 and 3 months CA, only time-domain HRV 
parameters have been found to be lower in the prone position 
in QS with no effect of position on frequency-domain HRV pa-
rameters.9 In the current study, we also found no effect of prone 
sleeping on HRV assessed in the frequency domain in either 
preterm group. We suggest that the effect of prone sleeping on 
HRV parameters in preterm infants may be maximal prior to 
term age and diminishes with age; thus when studied at 2–4 
weeks post-term age and beyond, we found no effect of sleep 
position. Similarly, in term infants the effect of prone sleeping 
was only present at 2–4 weeks. This may be due to maturational 
improvements in the cardiovascular response to prone sleeping.

Sleep state had a significant effect on HRV with elevated 
LF, LF/HF, and TP HRV in AS compared to QS at 2–4 weeks 
CA, with similar effects seen in both very preterm and preterm 
infants. This reflects the predominance of sympathetic activity 
in AS and may also be influenced by greater respiratory vari-
ability and more frequent body movements associated with 
AS.22 Consistent with previous studies in preterm infants,9 we 
found that the effect of sleep state on HRV was maximal at 
2–4 weeks CA becoming less marked with increasing age. It is 
thought that this is due to increasing parasympathetic activity 
during this period resulting in a relative reduction in the influ-
ence of sympathetic activity on HR during sleep.43

CONCLUSIONS
We have shown that preterm birth results in impaired mat-

uration of parasympathetic autonomic control of HR, most 
prominently in those infants born prior to 32 weeks GA. This 

delayed maturation results in significantly altered sympa-
thovagal balance with a predominance of sympathetic activity 
in very preterm infants at 2–3 months post-term age. Altered 
autonomic cardiovascular control during the period of peak 
risk for SIDS may contribute to the increased risk of SIDS seen 
in infants born at earlier GAs; however, this does not appear to 
be exacerbated by prone sleeping.
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