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Abstract

Objective—To assess the effects of maternal position on maternal and fetal heart rate and heart 

rate variability (HRV) in healthy late gestation pregnancies using non-invasive techniques during 

overnight studies.

Methods—In an observational study of women between 34 and 36 weeks of pregnancy 

conducted from September 1, 2013, to March 31, 2014, at Columbia University Medical Center, 

New York, US, maternal and fetal ECG recordings and position monitoring were undertaken 

through the night in the woman’s own home. These data were used for time domain analyses of 

fetal and maternal heart rate and HRV.

Results—Forty-two women were recruited to the study which showed that maternal position 

affected maternal heart rate (MHR), with left side sleeping associated with lower heart rate (left vs 

right P=0.017, left vs supine P=0.027) and higher overall HRV (left vs right p=0.032). MHR 

showed significant overnight changes (P=0.032). No significant positional or overnight effects 

were observed in fetal heart rate patterns.

Conclusion—This study uniquely incorporated analyses on maternal and fetal physiology and 

extended the knowledge of effects of maternal overnight sleep position on MHR in the natural 

sleep environment.
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1 INTRODUCTION

Recent studies of late gestation stillbirth highlight the possible role of maternal sleep 

position on the risk of intrauterine death, with women who reported going to sleep on their 

back or right side more likely to experience a stillbirth. Physiological changes in pregnancy 

are dramatic and are intended to help the mother adjust to new metabolic needs, such as a 

consistent increase in blood volume and heart rate as well as reduced systemic vascular 

resistance, to support the demand for an increase in cardiac output [1,2]. External factors 

may complicate this adaptation process. For instance, during late pregnancy, uterine weight 

increases and this can lead to partial/complete occlusion of the inferior vena cava and lateral 

displacement of the sub-renal aorta in the supine position, affecting maternal hemodynamics 

and fetal oxygenation [3,4]. Supine position may also result in decreased vagal activity and 

increased cardiac sympathetic activity when compression of the vena cava, abdominal aorta, 

and the iliac arteries reduces venous return and cardiac output [5]. A healthy circulatory 

system during pregnancy is normally capable of adapting to these changes. However, latent 

and undiagnosed pathologies or prolonged exposure to risks may impair the cardiovascular 

response [6,7].

Previous studies showed that most women after 30 weeks of pregnancy sleep in a position 

that is not likely to produce aorto-caval compression (right/ left lateral) [8]. Nonetheless, 

reports on the percentage of mothers sleeping supine and the length of time spent in this 

position vary greatly [9]. A landmark study of stillbirths at 28 or more weeks of gestation at 

diagnosis in New Zealand found that women who reported going to sleep on their back or 

right side were more likely to experience a stillbirth [10]. Another case–control study from 

Australia reported that women who slept on their backs in late pregnancy were more likely 

to have a stillbirth [11]. A cross-sectional study in Ghana reported similar outcomes, with 

supine position associated with an increased risk for low birth weight and stillbirth [12]. The 

Midland and North of England Stillbirth Study also reported that going to sleep in the supine 

position significantly increased the risk of stillbirth [13].

This is particularly relevant in the context of the triple risk model proposed by Warland and 

Mitchell [14], which describes stillbirth as the outcome of interactions among: 1) maternal 

factors, such as age, body mass index (BMI, calculated as weight in kilograms divided by 

the square of height in meters), smoking, or alcohol consumption; 2) fetal and placental 

influences, such as intrauterine growth restriction (IUGR) or placental insufficiency; and 3) 

a stressor, such as veno-caval compression/occlusion while sleeping supine.

Late stillbirths are often unexplained, with no identified antecedent clinical risk factors. The 

absence of reliable markers of risk for stillbirth poses a significant knowledge gap. Further 

understanding of the etiology of these deaths with the aim to develop preventive strategies is 

warranted. Furthermore, studies have reported poor sleep quality in pregnancy, with later 
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bedtimes, increased number and duration of night awakenings, and less total sleep [15]. This 

underscores the need for examination of the impact of sleep practices and habits during 

pregnancy.

The present study investigated the effects of maternal sleep position on maternal and fetal 

heart rate patterns using non-invasive overnight recordings collected from abdominal ECG. 

Maternal and fetal heart rate and heart rate variability (HRV), and maternal movement and 

position were recorded under normal sleep conditions at home during late pregnancy. More 

specifically, alterations in both maternal and fetal heart rate patterns were assessed as a 

function of maternal sleep position and fetal behavioral state.

The aim of the study was to assess if maternal sleep position during pregnancy had an effect 

on maternal and/or fetal autonomic regulation, as measured by HRV parameters.

2 MATERIALS AND METHODS

Population

The data presented in this manuscript come from an observational study carried out between 

September 1, 2013, and March 31, 2014. Patients who had participated in a sleep breathing 

study were approached by research personnel for inclusion in this ancillary observational 

study, carried out in the woman’s own home (New York, US). Inclusion criteria were: no 

previous pregnancy lasting 20 weeks or greater; maternal age greater than 13 years; and no 

fetal malformations or genetic abnormalities evident at the time of the study. Women who 

were using positive airway pressure therapy, those with severe asthma on continuous oral 

steroid therapy for more than 14 days, and those with conditions requiring oxygen 

supplementation were excluded from the study. Written informed consent was obtained from 

the participants, and the Institutional Review Board of the Columbia University Medical 

Center approved the study.

Acquisition set up

Data on fetal and maternal ECG, maternal respiration, and maternal sleep position (prone, 

supine, left, right) were collected throughout the night. Seven easily removable sensors were 

placed in standardized locations across the gravid abdomen. Pregnant women were sent 

home with electrodes applied and wearing two devices: the Embletta (Flaga Medical 

Devices, Reykjavik, Iceland) and the Monica AN24 fetal ECG monitor (Monica Healthcare 

System, Nottingham, UK). The Embletta was used to collect high resolution maternal ECG 

and position overnight, based on a tri-axial accelerometer. Monica AN24 recordings were 

started in the clinic while Embletta recordings were initiated by the mothers when they 

retired for the night. Study personnel retrieved the study equipment the following morning.

An important aspect was the time alignment between the Embletta and the Monica signals. 

Study personnel logged the start time of the Monica recording while mothers provided 

information on when they activated the Embletta recording. This information, paired with 

the visual inspection of the maternal heart rate (MHR) recordings obtained from both 

Embletta and Monica, was used to synchronize data from the two devices. Participants filled 

out questionnaires regarding their usual sleep position, the position they adopted when they 
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went to bed on the night of the study, and the position they woke up in the following 

morning, to validate the data from the Embletta.

Heart rate analysis

The Monica device has built-in software to identify fetal and maternal QRS peaks from 

which fetal and maternal RR intervals were calculated. These tracings were used to perform 

heart rate analyses in 30-second epochs. Only epochs with a data quality above 70% were 

analyzed. Data quality was defined as number of accepted R waves divided by total number 

of R waves found in an epoch. Fetal RR intervals were deemed acceptable if greater than 

300 millisecond and less than 667 ms and the absolute difference between consecutive RR 

intervals was less than 10%.

Mean maternal and fetal RR, standard deviation of normal-to-normal RR interval (SDNN), 

and root mean square of successive differences of RR intervals (RMSSD) were calculated 

for each segment. SDNN is the square root of variance: since the variance is equal to total 

power of spectral analysis, this parameter gives information summing all the cyclic 

contributions responsible for variability in the recording. RMSSD is the square root of the 

mean squared differences of successive RR intervals and quantifies short-term variability 

[16]. Maternal sleep position throughout the night was assessed with Embletta tracings and 

categorized as supine, left, right, and other. Anything other than these positions, for instance 

when the mother was moving or was partially tilted laterally, was discarded from the 

analysis.

Fetal behavioral states were coded following the method devised by Nijhuis et al. [17]. Fetal 

heart rate (FHR) pattern and movement are generally used to determine fetal behavioral 

state. In fetuses approaching term (>35 weeks of gestation), states can be assigned using 

FHR pattern in the absence of fetal movement and eye movements [18], as we did in this 

study. Fetuses present four different behavioral states: quiet sleep (1F), REM sleep (2F), 

quiet waking (3F), and active waking (4F). A minimum of 3 minutes in duration is necessary 

to define a state [17]. A state of quiescence with a stable heart rate pattern and low HRV is 

labeled 1F. A state of high HRV is labeled 2F. A state of quiescence with a stable heart rate 

pattern and low HRV is labeled 3F. A state of high HRV with long-lasting accelerations 

fused with tachycardia is labeled 4F. Two research assistants who were trained in fetal state 

assignment coded 15% of the data simultaneously in order to assess inter-rater reliability. 

The percentage of agreement was 83%, Cohen’s κ=0.77. The remainder of the data were 

coded individually by either one of the coders. For problematic epochs, the scorers reviewed 

the observations together, blinded to the original scoring, and reached a consensus.

Parameters extracted both for mothers and fetuses from each epoch of the entire night were 

averaged based on position and fetal behavioral state. We discarded the first hour of 

recording from the analysis to exclude any period when the mothers were awake. From the 

literature we know that, on average, people take 15 minutes to fall asleep, but pregnant 

women take longer as a result of discomfort [15]. The first analysis performed focused on 

assessing the presence of overnight patterns in maternal and fetal heart rate parameters by 

comparing the first 2 hours of sleep with the last 2 hours. Secondly, the effects of positional 

changes on maternal and fetal heart rate parameters were evaluated.
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Statistical analyses

Overnight patterns were tested with paired t-test analyses. Position changes were tested with 

paired t-tests, comparing left–right, left–supine, and right–supine to maximize the data 

available. All analyses were carried out in SPSS version 24 (IBM, Armonk, NY, USA). 

P<0.05 was considered statistically significant.

3 RESULTS

A total of 42 maternal/fetal dyads were enrolled in the study. Data collection took place 

between 34 weeks 0 days and 36 weeks 6 days of gestation. Table 1 summarizes maternal 

and infant characteristics.

Nineteen studies were excluded from the analysis for one or more of the following reasons: 

missing Monica or Embletta recording; Monica data quality <70%; inability to synchronize 

data from Monica and Embletta; and a total recording duration of <5 hours. Of 42 studies, 

23 had reliable position and heart rate information throughout the night.

Mothers spent 1.09 % (0.06%−5.05%) of the night in the supine position, 31.44% (16.63%

−38.10%) in the right, and 49.21% (39.39%−55.25%) in the left (values provided as median 

+ interquartile range). They changed position 5.7±3.9 times per night (mean ± SD), 

excluding the first hour of recording. An example of an overnight recording can be seen in 

Figure 1. Maternal mean heart rate values for every 30 second epoch are shown in light gray, 

gray, black, and white. Colors indicate different sleeping positions. During the first 100 

epochs (50 minutes) the mother is in an undetermined position and her heart rate is much 

higher than the rest of the recording, probably as a result of movement. At this time, the 

quality of the recording of the fetus is compromised and thus, behavioral state is classified as 

indeterminate (missing data points).

Effect of overnight pattern on maternal heart rate

To investigate overnight patterns, mean MHR in the second and third hours and in the last 2 

hours of the night in the same position were compared. Results showed an average decrease 

of 1.61±4.63 beats per minute overnight (mean ± SD). Additionally, HRV increased during 

the night, with increases in SDNN of 4.44±9.31 millisecond and RMSSD of 7.35±12.27 

millisecond (mean ± SD). Within-subject comparisons (paired t-tests) showed that heart rate 

and HRV change significantly during the night (mean heart rate P<0.032, SDNN P<0.004, 

RMSSD P=0.001).

Fetal data did not show significant overnight differences, but sample size was limited as 

repeated measures required common behavioral states in both the first and last 2 hours of the 

collection.

Table 2 reports all the data for fetal and maternal parameters.
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Effect of fetal behavioral states on fetal heart rate

Analysis of fetal behavioral state showed that mean FHR and SDNN were significantly 

different (P=0.006, P<0.001 respectively) between 1F and 2F, but no difference was found in 

RMSSD.

Figure 2 shows mean and SD values for the three parameters in the two behavioral states.

Effect of position on maternal and fetal heart rate

Given differences by time of night in MHR, we separately analyzed the effects of position in 

the first and last hours of sleep. There was an effect of position on maternal cardiovascular 

activity. Table 3 presents measures of MHR by position and time of the night. These data 

showed overall average values across participants. However, all statistical comparisons were 

computed using within-subject repeated analyses.

In the first 2 hours, results from the paired t-test showed that mean MHR in left position was 

significantly lower than in right and in supine (P=0.017, P=0.027 respectively), but there 

was no difference between supine and right. SDNN was also significantly different between 

left and right (P=0.032), with left having higher values. In the last 2 hours of the night, 

values of mean MHR were trending in the same direction of the first 2 hours, but individual 

variability was very high and none of the tests reached significance, except for RMSSD 

which was significantly higher in left than in right position (P=0.035).

Position effects were not observed in FHR patterns, though there were relatively few fetuses 

who had data in the same behavioral state and the same maternal position for the time 

windows analyzed.

4 DISCUSSION

Recently, multiple studies reported an association between maternal sleep position in late 

pregnancy and the risk of stillbirth [10–12]. Sleep position, compared with other risk factors, 

such as elevated BMI or advanced maternal age, is modifiable and thus offers an approach 

for clinical research in stillbirth prevention [19]. Understanding the exact mechanisms 

underlying the effect of maternal sleep position both on the mother and the fetus could help 

interpret epidemiological findings and guide interventions [20].

Previous studies have addressed the effects of position on maternal hemodynamics in 

clinical settings [4,21]. Other studies have performed overnight recording, but focused on 

the effect of maternal position on FHR and fetal sleep [22]. To our knowledge, the present 

study was the first to incorporate both maternal and fetal physiology. The study results 

extend the knowledge of effects of position during overnight sleep on MHR, showing in the 

natural sleep environment higher MHR in supine and right postion compared to left. No 

effect of maternal position was observed in the fetus in our limited sample. Given that we 

had to assign one of four established fetal behavioral states, as well as maternal sleep 

position, to each epoch of recorded FHR data, the resulting numbers of data points were 

limited and were not sufficiently powered to detect potentially clinically important effects of 

maternal position on FHR. Additionally, while a robust overnight pattern in MHR was 
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identified, this was not evident for FHR. As FHR is altered by behavioral state, data from 

more women with both early and late night epochs in the same behavioral state may be 

needed for evidence of an overnight rhythm to emerge. In one study, diurnal and overnight 

rhythms were observed, but in only 30% of the fetuses [23]. It is likely that FHR patterns are 

more dominated by rest–activity cycles (60–90 minutes) rather than ultradian and diurnal 

rhythms observed in adults, that may emerge around 4 months of age [24].

No effect of maternal position on FHR was reported in a study by Ibrahim et al. [21]. Stone 

et al. looked at the effect of maternal position on fetal behavioral state in the controlled 

setting of the laboratory [22] as well as in the home [25]. These investigators reported that, 

compared with the left side, FHR during supine position was slightly increased, and that 

both right and supine were associated with reduced SDNN, whereas only supine was 

associated with decreased RMSSD [22,25].

The present study did have some limitations, including the identification of position using 

the Embletta system rather than with video monitoring. This choice was made in the interest 

of minimizing invasiveness with respect to privacy concerns and participant comfort. 

Planned future studies will incorporate new devices, which are more reliable and less 

burdensome, to collect data on sleep position and maternal physiology at home. Another 

limitation was that, due to the natural sleep setting, the number of hours of sleep ranged 

from 5.6 to 9.5 hours.

In conclusion, sleep position and time of night strongly influenced maternal, but not fetal, 

heart rate patterns in the home setting. The interactive influences of maternal sleep position, 

overnight rhythms, and fetal behavioral state warrant further investigation and may 

contribute to our understanding of mechanisms underlying fetal well-being and risk for 

stillbirth.
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SYNOPSIS

The study showed the effects of maternal position on maternal heart rate patterns and 

ultradian rhythms. Significant associations were not observed in our fetal recordings.
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Figure 1. 
An example of an overnight recording both for maternal (above) and fetal (below) mean 

heart rate. In panel A, maternal mean heart rate values for every 30 second epoch are shown. 

In panel B, fetal mean HR values for every 30 second epoch are shown.

Abbreviation: BPM, beats per minute.
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Figure 2. 
Mean and SD values for mean heart rate, SDNN, and RMSSD parameters for fetal heart rare 

for behavioral states F1 and F2 are shown.

Abbreviations: RMSSD, root mean square of successive differences of RR intervals; SDNN, 

standard deviation of normal-to-normal RR interval.
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Table 1

Demographics.

Maternal characteristics

Age, y (mean±SD) 29.5±4.5

BMI at recruitment (mean±SD) 26.6±6.3

Weeks of pregnancy at assessment (mean±SD) 34.8±0.9

Race (%)

 Hispanic 35

 White 65

Pre-eclampsia, n 1

Diabetic (gestational diabetes), n 1

Hypertensive, n 3

Fetal sex, n (male)
11/11

a

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters).

a
Information on sex for one infant was missing.
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Table 2

Mean and SD values for maternal and fetal heart rate, SDNN, and RMSSD by behavioral state and time of the 

night.

First 2 hours Last 2 hours

Maternal

Heart rate SDNN RMSSD Heart rate SDNN RMSSD

Mean 79.18 31.74 22.42 77.90 36.98 31.94

SD 9.66 10.40 9.12 10.79 16.60 19.21

Fetal

Fetal state 1F 2F 1F 2F 1F 2F 1F 2F 1F 2F 1F 2F

Mean 136.30 138.30 7.40 15.46 7.55 9.16 133.10 137.10 7.54 14.59 7.73 9.05

SD 10.63 5.67 1.29 2.95 1.78 1.89 5.42 5.47 1.59 2.35 1.89 1.87

Abbreviations: RMSSD, root mean square of successive differences of RR intervals; SDNN, standard deviation of normal-to-normal RR intervals.
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Table 3

Maternal and fetal heart rate variability measures by sleep position, time of the night and fetal behavioral state.

Maternal HRV measures by sleep position and time of the night

Position Mean heart rate SDNN RMSSD

First 2 hours Left 78.2±9.9 30.6±8.7 22.8±9.4

Right 85.4±7.0 26.3±7.2 20.9±8.7

Supine 84.8±13.7 33.4±11.4 17.7±5.8

Last 2 hours Left 75.9±11.0 29.1±7.0 26.4±13.5

Right 81.7± 8.1 27.8±8.3 19.0±6.1

Supine 80.3±13.3 36.1±15.3 21.4±8.6

Fetal HRV measures by sleep position and sleep state

Sleep state Position Mean heart rate SDNN RMSSD

1F 
a Left 135.3±5.5 7.6±1.3 8.5±1.7

Right 131.5±5.6 9.4±1.7 9.5±2.4

Supine n/a n/a n/a

2F 
b Left 136.9±5.5 14.9±2.1 9.7±2.2

Right 136.7±5.1 15.2±1.8 9.5±1.1

Supine 139.6±5.7 15.1±2.6 8.8±1.1

Abbreviations: HRV, heart rate variability; RMSSD, root mean square of successive differences of RR intervals; SDNN, standard deviation of 
normal-to-normal RR intervals.

Values given as mean ± SD unless indicated otherwise.

a
Quiet sleep.

b
REM sleep.
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