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ABSTRACT

Aims: Circadian changes in basal fetal heart 
rate (FHR) and fetal heart rate variation are 
observed in appropriate for gestational age 
(AGA) fetuses. Small for gestational age (SGA) 
fetuses are at greater risk of complications and 
may not demonstrate similar changes. This 
study was undertaken to investigate circadian 
changes in FHR in SGA fetuses in ambulatory 
patients in home environment using a portable 
fetal electrocardiogram recording device. 
Methods: Prospective study on 31 singleton 
pregnancy >24 weeks gestation, no evidence of 
fetal malformation and an estimated fetal weight 
below tenth gestational centile on ultrasound 
scan. Fetal heart rate recordings were collected 
up to 17 h, averaged over 90 min intervals, and 
compared between day and night data from the 
same individual. Results: Basal FHR reduced 
at night-time (p<0.001) and with gestation 
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(p=0.013), whereas FHR variation remained 
unchanged (p >0.5). Fetal gender did not 
influence variation in day:night FHR parameters. 
Conclusion: Unlike AGA fetuses, SGA fetuses 
demonstrated significant circadian changes only 
in basal FHR. The day-night difference in basal 
FHR was more pronounced with advancing 
gestation, implying a significant fetal role in 
controlling the circadian pattern. In contrast to 
AGA fetuses, FHR-variability in SGA fetuses did 
not increase with gestation, suggesting under-
development of fetal autonomic nervous system. 
Clinicians need to consider these differences 
when interpreting FHR data in these two clinical 
settings.
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INTRODUCTION

It is well established that small for gestational age 
(SGA) fetuses are at higher risk of perinatal morbidity 
and mortality compared to appropriate for gestational 
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age (AGA) fetuses [1–3]. Consequently much work has 
investigated approaches to antenatal monitoring of SGA 
fetuses including assessment of electronic fetal heart 
rate (FHR) monitoring [4]. Adverse cardiovascular and 
neurological outcomes have been reported in SGA infants 
in the early neonatal period [2, 5].

There is growing evidence that children born SGA 
have impaired autonomic nervous system (ANS) function 
which contributes to  impaired cardiovascular rhythmicity 
[6]. Clinical studies have provided strong evidence of an 
association between circadian rhythmicity and several 
disorders of the cardiovascular system [2].

From as early as 20–22 weeks to the end of pregnancy 
circadian changes have been described in AGA fetuses 
during various physiological activities. These include 
FHR and variability, FHR accelerations and fetal 
movements [7–9]. In addition, studies have also shown 
a direct relationship between maternal and fetal heart 
rates at various stages in pregnancy, suggesting that fetus 
is not autonomous in this respect [9, 10].

Few studies have examined whether SGA fetuses 
exhibit similar circadian variation in FHR patterns as 
AGA fetuses. In a previous report we employed a small, 
portable fetal electrocardiogram device (Monica AN24) 
to demonstrate circadian variation in FHR patterns in 
AGA fetuses whilst the women continued their-day-
today activities [11]. We hypothesized that SGA fetus may 
exhibit altered circadian changes in FHR parameters 
compared to AGA fetuses. To evaluate our hypothesis, 
we analyzed 17 h ambulatory FHR data in a cohort of 
otherwise healthy pregnant women carrying SGA fetus in 
their home environment.

MATERIALS AND METHODS

A prospective, non-randomized observational study 
approved by the North-West Preston NRES Research 
Ethics committee (15/NW/0278) was conducted at 
Jessop Wing Hospital in Sheffield, UK. The study group 
consisted of 31 women with singleton pregnancies between 
24 and 40 weeks gestation and ultrasound-estimated 
fetal weight (EFW) less than 10th gestation centile [12]. 
Women recruited for the study were normotensive and 
suffered no pre-existing medical conditions. At the 
time of recording, women who smoked were advised to 
press an “event button” on the monitor, every time they 
smoked. For the purpose of analysis, all those 30 minutes 
epochs where the “event mark” for smoking occurred 
were excluded. None of the women drank alcohol or 
received no other medication at the time of evaluation. 
Patients with any fetal malformations, who were in active 
labor, and who had multiple pregnancies were excluded 
from the study. 

After giving informed written consent, the fetal ECG 
monitor was fitted by placing five skin electrodes in 
standardized positions on the maternal abdomen [13]. 

When fully charged the device is capable of obtaining 
recordings lasting up to 20 hours [14]. Participants were 
allowed to go home and carry on with daily activities 
whilst wearing the monitor. They were advised to turn 
off and remove the monitor after 20 hours had elapsed. 
However, they were at liberty to take off the monitor at any 
time if they experienced any discomfort. The monitor was 
either collected from patient’s home by the research team 
or returned by the patient after the monitoring session. 
Subsequently, the participants filled in a questionnaire to 
record their views and experience of wearing the device, 
and to express if they were willing to wear the device 
again.

The electrophysiological signal recorded within the 
monitor calculated beat-to-beat information on FHR in 
addition to the average FHR data obtained from Doppler-
based CTG monitors. It also recorded the FHR parameters 
generated by computerized analysis developed by Dawes 
and Redman [15, 16].

In order to investigate changes in FHR pattern 
between the day and night times, three consecutive 30 
minutes frames (90 minutes data) with FHR acquisition 
success rate of ≥80% were selected during the “day” and 
“night” periods for each subject. The three selected 30 
min epochs were averaged and compared between the 
day and night recordings of the same individual.

The following FHR parameters derived by the Dawes 
Redman analysis were recorded and evaluated:

• � Basal FHR, the baseline FHR, once the accelerations 
and decelerations are removed.

• � Accelerations, defined as “a rise in FHR from the 
baseline greater than 10 bpm and lasting for more 
than 15 seconds”.

• � Decelerations, defined as “a fall in FHR from the 
baseline greater than 10 bpm and lasting for more 
than 15 seconds”.

• � Long-term variation (LTV), the mean of the 
difference between maximum and minimum FHR 
values in a one-minute sliding window

• � Short-term variation (STV), the mean difference 
between adjacent 3.75 seconds FHR signals.

Statistical analysis

Fetal heart rate data were normally distributed and 
were described using the mean and standard deviation. 
In order to analyze the day and night recording of the 
same individual, the paired sample t-test was applied. 
The Pearson’s rank-order correlation coefficient was 
used to study the relationship between FHR parameters 
and gestational age. An independent sample t-test was 
performed to determine if a difference in day and night 
FHR parameters was observed as a result of fetal gender, 
gestational age or smoking status.
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RESULTS

Table 1 summarizes the basic demographic data for the 
women, study recording and delivery outcome variables.

62 recordings (31 days and 31 nights) made over 90 
minute epochs were analyzed from 31 women recruited at 
home (Table 2). Significant differences were observed in 
the basal FHR and number of decelerations (p <0.001), 
both decreased at night time. However, STV, LTV 
and number of accelerations did not show significant 
variations between the day and night recordings (p>0.5). 

Further analysis during the night-time, when external 
stimuli were reduced, showed the change in basal FHR 
to be strongly inversely correlated with gestational age; 
p=0.013 (Figure 1). However, other FHR parameters did 
not show a significant correlation with gestational age, 
(p>0.1). Since there was a clear effect of gestational age 
on basal FHR, the data were then subdivided into two 
groups. Table 3 demonstrates that fetuses below 34 weeks 
of gestation did not exhibit similar circadian changes in 
FHR patterns as mature fetuses did.

In our study, we had 10 women who smoked during 
the course of recording. Although, we excluded all the 30 
minutes epochs where smoking occurred, we examined 
day: night changes in FHR parameters separately 
between smokers and non-smokers to assess whether 
maternal smoking status disrupts circadian changes in 
FHR pattern. Results given in Table 4 clearly indicates 
that compared to fetuses of non-smoking mothers, 
fetuses of smoking mothers did not show significant 
circadian variation in any of the FHR parameters. We 
did not observe any gender-related difference between 12 
males and 19 females fetuses during the day and night 
time; p>0.1 (Table 5).

Of the 31 women studied, 25 gave birth to babies with 
a birth weight below the tenth percentile.

DISCUSSION

This study has demonstrated that there is a clear 
circadian pattern in the FHR in SGA fetuses: there was a 
greater influence of time of day on basal FHR and number 
of decelerations, both of which reduced significantly at 
night time (p<0.001). However, unlike AGA fetuses [11], 
we did not observe significant circadian changes in FHR 
variation or number of acceleration in SGA fetuses. In 
addition, we did not find any difference in the day and 
night recordings between male and female fetuses as 
observed in AGA fetuses [11].

Maternal activity, diet intake, psychological and 
physiological conditions can influence FHR [17–19]. The 
fact that information regarding these maternal factors 
was not collected can be considered as a limitation of 
this study. However, the ability to achieve good quality 
recordings of the FHR over prolonged periods (up to 17 
hours) in SGA fetuses whilst the mother continued with 
normal activities at home is a novel approach, permitting 
the assessment of the FHR under normal (uncontrolled) 
conditions. This is the first study to report changes seen 
in the FHR in relation to time of day in SGA pregnancies 
where maternal mobility was not restricted.

It is not possible to comment on whether the control 
of the circadian pattern in the fetus is influenced by 
maternal activity because we did not investigate the 
relationship of the FHR to that of the mother. However, 
the fact that advancing gestational age has an influence 
on the magnitude of the day:night difference in basal FHR 
supports the notion that there a major fetal component to 
control of the circadian rhythm of FHR in SGA fetuses. 

Several studies have shown blunting circadian 
rhythm in pregnancies complicated by pre-eclampsia 
[20, 21]. Disruption of circadian rhythmicity in women 
with pre-eclampsia may result in hampered development 
of fetal circadian rhythmicity. However, for the purpose of 
this study we excluded women with SGA fetuses who had 
pre-eclampsia. In addition, during evaluation, no woman 
received any medication that could have influenced 
FHR and FHR variability [22–24]. However, ten 
women smoked while they were monitored. Although, 
we excluded all 30 minutes epochs in the recordings 
where the “event marker” for smoking was pressed by 
the woman, our study was limited by the fact that we 
relied on women to provide information on smoking 
rather than making an objective assessment of tobacco 
exposure. Nicotine consumption has not only been 
shown to produce greater effect in women but also delays 
the diurnal peak of circadian heart rate pattern [25]. This 
may explain why fetuses of smoking mothers did not 
exhibit circadian changes for any of the FHR parameter.

Another limitation of the study was the inability 
to standardize the day recordings. This limitation 
was related to the success rate of the recording. The 
average overall success rate was 48.6%, which is lower 
than reported in previous studies [13, 16]. Graatsma et 

Figure 1: Relationship between basal fetal heart rate (FHR) at 
night and gestational age Basal FHR decreased significantly 
with gestation of (r=-0.439; p=0.013).
The solid line showing the calculated line of best fit, with 95th 
confidence interval in dotted lines.
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Table 1: Maternal demographics, recording variables and delivery data

Variables Number of Patients = 31

Age (years) 28.9 [5.6]

Body mass index (kg/m2) 23.6 [5.7]

Ethnicity n(%) White British: 26 (83.9%)
Asian: 3 (9.7%)
Non-British European: 1 (3.2%)
Mixed Ethnic Group: 1 (3.2%)

Parity n(%) Nulliparity: 11 (35.5%)
Multiparous: 20 (64.5%)

Smoker n(%) Yes: 10 (32.3%)	 No: 21 (67.7%)

Gestational age at recording (weeks) 33.8 [3.37]

Gestational age at birth (weeks) 38.4 [1.81]

Onset of labor n(%) Spontaneous: 8 (25.8%)
Induced: 16 (51.6%)
Did not labor: 7 (22.6%)

Mode of delivery n(%) Vaginal birth: 20 (64.5%)
Cesarean section: 11 (35.5%)

Gender of baby n(%) Male: 12 (38.7%)
Female: 19 (61.3%)

Birth weight (grams) 2441.0 [2.81]

The central tendency has been summarized using mean and standard deviation [SD].

Table 2: Comparison of day time and night-time fetal heart rate parameters

FHR Parameters Day recording
(n=31)

Night recordings
(n=31)

p-value 

Basal FHR (bpm) 137.2 [8.90] 129.0 [6.57] <0.001

STV (ms) 11.0 [2.75] 10.8 [3.08] 0.512

LTV (ms) 60.1 [12.96] 59.4 [15.24] 0.728

No of accelerations 7.3 [2.29] 7.2 [2.76] 0.914

No of decelerations 2.1 [0.81] 1.3 [0.73] <0.001

Data are shown as mean and standard deviation [SD]
Basal FHR:  Basal Fetal Heart Rate, STV:  Short-Term Variation, LTV:  Long-Term Variation

Table 3: Day: night fetal heart rate (FHR) parameters in fetuses with gestational age </=34 weeks and >34 weeks

Parameters

 Gestational age </=34 weeks (n=8) Gestational age >34 weeks (n=23)

Day recordings Night recordings p-value Day recordings Night recordings p-value

Basal FHR (bpm) 140.7 [9.18] 134.2 [7.95] 0.048 136.0 [8.67] 127.2 [5.07] <0.001

STV (ms) 10.4 [2.48] 11.0 [4.02] 0.440 11.3 [2.86] 10.7 [2.79] 0.194

LTV (ms) 56.3 [11.90] 57.8 [18.74] 0.740 61.4 [13.30] 59.9 [14.27] 0.504

No of accelerations 5.8 [1.84] 6.1 [3.30] 0.800 7.8 [2.23] 7.6 [2.51] 0.718

No of decelerations 1.9 [0.61] 1.6 [0.74] 0.510 2.2 [0.87] 1.2 [0.71] <0.001

Data are shown as mean and standard deviation [SD]
Basal FHR:  Basal Fetal Heart Rate, STV:  Short-Term Variation, LTV:  Long-Term Variation
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al. [13] reported 82% of their recordings had a signal 
quality of >60%. However, their study included fetuses 
of all sizes and was not limited to fetuses with estimated 
birth weights below the tenth percentile. Additionally, 
Graatsma et al.  [13] standardized their recording time 
from 5 pm until 8 am, which meant that the majority 
of the recordings were made during resting hours, and 
therefore, fewer recordings were disturbed by maternal 
movements. In our study, the device was fitted after the 
clinic appointment, which meant that recording time 
started between 9 am and 5 pm. As a result, the amount of 
time at rest varied significantly between the recordings. 
A lower success rate meant that it was not possible to 
fully standardize the daytime recordings, therefore we 
randomly selected the best 90 min FHR data with good 
fetal signals at daytime, implying that our study may 
have suffered selection bias. Nonetheless, selection of 90 
min FHR data guaranteed the analysis of high variation 
episodes as in the human fetus the cycle of active and 
quiet sleep ranges from 60–90 minutes [25]. However, 
a higher success rate at night (84.1%) meant that it was 
possible to fully standardize all recordings at night time. 

Fetal heart rate patterns change markedly with 
gestation, with a decrease in basal FHR and an increase 
in FHR variability as pregnancy advances, reflecting 
maturation of the fetal autonomic nervous system and 
development of fetal behavioral pattern in AGA fetuses 

[26, 27]. Although, SGA fetuses exhibited reduction in 
basal FHR with advancing gestation and at nighttime, they 
did not show any change in FHR variation as observed in 
our previous work [11] and the work published by others 
on AGA fetuses [7, 9]. This finding can be interpreted as a 
reflection of immaturity of the cardiovascular autonomic 
control system in SGA fetuses and is consistent with the 
current knowledge that SGA children display significantly 
altered cardiovascular circadian rhythmicity [2, 6], and 
an impaired and an immature autonomic cardiovascular 
control, relating to an increased risk of cardiovascular 
disease [1, 5, 27]. There is evidence that the development 
of cardiovascular disease is initiated by unfavorable 
conditions during intra-uterine life, implying that the 
cardiac autonomic balance may be permanently altered 
according to the concept of fetal programming [28].

The correlation of heart rate and variability with 
gender remains a matter of interest to many scientists. 
Previous studies that have examined the influence of 
gender on FHR variability in AGA fetuses have reported 
conflicting results. Lange et al. [29] suggested that gender 
does not need to be considered when assessing FHR 
variability, whereas Fleisher et al. [30] and Amorim-Costa 
et al. [31] reported significant gender-related differences 
in FHR parameters at various gestational ages. With 
regard to SGA pregnancies, there is insufficient data 
on the influence of gender on FHR pattern. Kwon et al. 

Table 4: Day: night fetal heart rate (FHR) parameters in smokers and non-smokers

Smokers (n=10) Non-smokers (n=21)

Parameters Day recordings Night recordings p-value Day recordings Night recordings p-value

Basal FHR (bpm) 140.4 [11.42] 131.3 [6.74] 0.072 136.0 [8.62] 128.3 [7.42] 0.001

STV (ms) 10.5 [2.98] 11.4 [4.36] 0.326 11.5 [3.09] 10.5 [3.15] 0.051

LTV (ms) 56.5 [15.2] 59.6 [19.5] 0.447 63.2 [14.10] 59.3 [16.74] 0.170

No of accelerations 5.8 [1.85] 6.8 [2.55] 0.509 7.8 [2.22] 6.8 [3.14] 0.168

No of decelerations 1.8 [0.54] 1.6 [0.86] 0.691 2.1 [0.66] 1.3 [0.58] 0.003

Data are shown as mean and standard deviation [SD]
Basal FHR:  Basal Fetal Heart Rate, STV:  Short Term Variation, LTV:  Long-Term Variation

Table 5: Day night fetal heart rate (FHR) parameters with respect to gender

Day recordings Night recordings

Parameters Male (n=12) Female (n=19) p-value Male (n=12) Female (n=19) p-value

Basal FHR (bpm) 137.4 [6.70] 136.9 [10.41] 0.906 131.4 [5.16] 128.4 [7.07] 0.243

STV (ms) 10.5 [1.83] 10.9 [2.94] 0.674 11.1 [2.27] 9.98 [2.84] 0.279

LTV (ms) 57.2 [9.61] 59.5 [13.68] 0.631 61.1 [11.68] 55.6 [14.82] 0.322

No of accelerations 6.8 [1.55] 7.3 [2.50] 0.600 7.9 [2.62] 6.8 [2.92] 0.308

No of decelerations 2.0 [0.67] 2.2 [0.93] 0.637 1.6 [0.63] 1.1 [0.78] 0.148

Data are shown as mean and standard deviation [SD]
Basal FHR: Basal Fetal Heart Rate, STV: Short Term Variation, LTV: Long-Term Variation
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[4] found significant gender-related differences in the 
FHR variability in a study of 14 males and 15 females 
SGA fetuses during the last two-hour of labor preceding 
delivery. Our results differ from them, as we did not find 
any significant difference in FHR pattern between the 
SGA male and female fetuses. This discrepancy can be 
explained by experimental setting and sample size. We 
examined FHR during the antenatal period whilst Kwon 
et al.  carried out studies during labor [4]. Secondly, we 
did not have equal distribution of male and female fetuses 
in our study cohort.

CONCLUSION

This study confirms that small for gestational age 
(SGA) fetuses demonstrate a clear circadian pattern in 
underlying basal fetal heart rate (FHR) and decelerations, 
both of which reduce significantly at nighttime. An 
analysis of these fluctuations is useful in the evaluation 
of the health of the fetus. In general clinical settings, 
FHR is usually monitored in the daytime. As the number 
of decelerations is higher in the daytime, we conclude 
that evaluation of fetal wellbeing is insufficient if done 
only during the day. Larger studies will be required to 
determine whether lack of circadian variation in FHR 
patterns in SGA fetuses correlates with adverse pregnancy 
indices and outcomes such as fetal acidosis. Nevertheless 
clinicians should take cognizance of these changes and 
exercise caution when applying and interpreting FHR 
tests for antenatal fetal wellbeing.
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LTV			  Long-term variation
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