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Abstract

Background: To investigate whether fetal gross movement counting differs between

male and female fetuses by using a fetal movement acceleration measurement recorder.

Methods: Fetal movements of thirty pregnant women were recorded after 28 weeks

gestation. All data were divided into 10-s epochs. An epoch was judged positive for

movements (a positive epoch) when maternal abdominal wall oscillations were detected

within the epoch. The proportion of positive epochs to all epochs each night was

calculated and compared between boys and girls. Moreover, gestational age was divided

into earlier (28-33 weeks) and later periods (34—39 weeks), and comparisons were

made for both periods. Results: A total of 205 recordings was obtained. The median

proportion of positive epochs (minimum, maximum) was 13.75% (2.54, 33.11) in boys

and 12.72% (3.38, 35.96) in girls, with no difference (p = 0.6879). The proportion in the

earlier period for boys and girls was 17.99% (6.96, 33.11) and 16.76% (4.16, 35.96)

respectively, and 8.44% (2.54, 22.7) and 9.25% (3.38, 27.32) for the later period with no

difference in either period (p = 0.4123 and p = 0.5421, respectively). Conclusions:

There were no differences in gross fetal movements after 28 gestational weeks between

boys and girls.
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Introduction
It is well known that there are neurological differences during development between
males and females. As for fetuses, however, little is known about developmental
differences between the sexes. There have been few studies reporting differences of
fetal gross movements between male and female fetuses, and results have been
conflicting. Ten Hof et al. " showed that with advancing gestation, female fetuses
moved more than male fetuses. On the contrary, Di Pietro et al. ?found male fetuses to
be more active than female fetuses at 38-39 weeks. However, they failed to replicate
these results in a subsequent study.

Medina PGR et al. > observed fetal gross movements in 123 normal fetuses, over
60 min, at 15-17 and 27-28 weeks of gestation, and over 2 h at 37-39 weeks by
ultrasonography. The preliminary results showed that male fetuses had a higher
movement incidence than female fetuses at 37-38 weeks. However, the difference
tended to disappear with adjustment for the effect of the fetal wakefulness cycle, and the
conclusion was that there was no evidence of any sex-related difference in fetal gross
movements. They emphasized the importance of this adjustment in the discussion.

Fetuses do not move constantly. It is well known that the fetal wakefulness cycle

develops as pregnancy progresses. Fetuses move depending on this cycle, especially at



later gestational stages. Therefore, observing fetal movements for short periods is
insufficient for precise assessment if the observing period is less than the cycle.
Ultrasonography is not suitable to assess fetal movements over many hours in many
cases not only from practical viewpoint but from safety concerns of bioeffects. There is
no report of fetal movement differences between boys and girls by observing for many

hours.

There were no practical and objective methods to allow for long-duration fetal
movement counting; however, we have been developing a fetal movement acceleration
measurement recorder (FMAM recorder) to count gross fetal movements *D The
recorder is non-invasive. Today, FMAM recorder has made it possible to count gross

fetal movements for hours at home.

The purpose of the study was to compare exploratorily whether fetal gross
movement counting with the use of the FMAM recorder differs between male and

female fetuses.



Methods

Subjects

A total of thirty singleton pregnant women who undertook prenatal care at Teikyo
University Hospital from June 2008 to July 2015 were recruited for this study. There
were 15 male fetuses and 15 female fetuses. Table I shows the characteristics of the
pregnant women. Twenty-two women were nulliparous, and 8 women were multiparous.
There were no maternal complications in any of the pregnancies or the deliveries.
Twenty-three women underwent vaginal delivery, and seven women underwent

cesarean delivery. All the newborns were delivered at full-term without anomalies or
neurological problems, and their weights were appropriate for full-term births. There

were no differences in the maternal or fetal characteristics in relation to fetal sex.

FMAM recorder
Figure 1 shows the FMAM recorder. The recorder has been described in detail
elsewhere . The FMAM recorder has two acceleration sensors. In principle, the

sensor detects acceleration caused by body movements. One sensor is a fetal movement



sensor (FM sensor) that is attached to the mother’s abdomen, while the other is a
maternal movement sensor (MM sensor) attached to the mother’s thigh (Figure 1). Both
the sensors are similar in structure, and the sensitivity of the FM and MM sensors was
set at 700 mV/0.1 G and 120 mV/0.1 G, respectively. When the FM sensor detects
abdominal wall oscillations but the MM sensor does not detect any maternal movement,
fetal movements are judged to have occurred. The recorder weighs 290 g, and is a handy,

non-invasive device.

Fetal movement counting

Fetal movements were recorded by the mothers themselves at home. Each mother was
asked to record fetal movements weekly from 28 weeks to term, as a previous study K
has shown the recorder to be accurate after 28 weeks. Just before sleeping, the FM
sensor was attached to the abdomen and the MM sensor to the thigh, and gross fetal
movements were recorded overnight. All data were recorded in a secure digital card.
The mothers brought the card to their hospital check-ups, and the data was transferred to

a computer.

Data Analysis



We used data from recordings that lasted at least 4 h per night. All the data were
analyzed mainly by using our computer analysis program, which has been described in
detail elsewhere ¥. However, the program has not yet been completed, and minor errors
in the computer analysis were revised by manual procedures. The recordings were
divided into 10-second epochs (360 epochs per hour). All epochs were reviewed for
gross movements. An epoch was judged to be positive for fetal gross movements
(positive epoch) when the FM sensor detected abdominal wall oscillations and the MM
sensor did not detect any maternal movements. The proportion of positive epochs to all
epochs during one night was calculated. We divided the calculated data into boys and
girls groups and examined correlation coefficients of the data to gestational age.
Furthermore, gestational age was divided into early (28—33 weeks) and late periods (34—
39 weeks), and the proportions were compared for both periods. Comparisons were
made using the Wilcoxon method, and significant difference was set at p < 0.05. On top
of that, we compared the proportions of positive epochs among the four groups divided
by sex and gestational age differences using by the two-way ANOVA. All the mothers
gave written informed consent, and this study was approved by the ethics committee at

Teikyo University.



Results

We obtained a total of 205 recordings that lasted more than 4 h. There were 99

recordings for male fetuses (42 early, 57 late), and 106 recordings for females (54 and

52). Figure 2, 3 show scatter plots of the proportions of positive epochs respectively in

boys and girls depending on gestational age. There were negative correlations both in

boys and girls groups (-0.545 for male, and -0.456 for female). Figure 4-A shows the

box plots of positive epoch proportions from 28 weeks to term. The medians (minimum,

maximum) of the proportions were 13.75% (2.54, 33.11) in male fetuses and 12.72%

(3.38, 35.96) in females, with no significant difference found (p = 0.6879). Figure 4-B

compares medians at 28-33 weeks and 34-39 weeks. The proportions of positive epochs

in the earlier period were 17.99% (6.96, 33.11) in males, and 16.76% (4.16, 35.96) in

females, and 8.44% (2.54, 22.7) and 9.25% (3.38, 27.32), respectively, in the later

period. The proportions in the early period were higher than those in the later period

both in males (p < 0.0001) and females (p < 0.0001); however, there were no significant

differences between boys and girls within each period (p = 0.4123, p =0.5421). The

comparison among the four groups by two-way ANOVA also showed statistical

difference in gestational week between early group and late group (d. f. = 64.320, F =1,

p< 0.0001), but not between sexes (d. f. =0.0832, F =1, p= 0.773), and no interaction
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was detected between feeding sex and gestational age differences (d. f. =0.9174, F=1,

p =0.3393), similarly.
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Discussion

The FMAM recorder made it easy to count fetal gross movement over many hours,
which were sufficiently long when compared with the fetal wakefulness cycle; therefore,
we did not need the cycle adjustment. We could count gross fetal movements directly

for hours, and showed the proportions of epochs with fetal movements in the early
gestational period were higher than those in the later period both in male and female
fetuses, however; there were no differences between the sexes at earlier or later
gestational ages.

Regarding the fetal gross movement changes during pregnancy, Ten Hof J et al. ¥
observed fetal movements with ultrasonography during 60 min biweekly from 24 to 36
weeks and during 120 min weekly after 36 weeks of gestation in 29 normal fetuses.
They indicated that the median percentage incidence of fetal gross movements
decreased from 17% at 24 weeks to about 7% near term. The pattern of these changes in
their study was similar to that of this study. The incidence decline in fetal movements
was thought to be caused by fetal neurological developments such as establishment of
behavior state.

As for sexual difference, there were no differences in gross fetal movements after

28 weeks of gestation between male and female. Fetal movements have been recognized
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as important to estimate fetal well-being. It has been accepted worldwide that fetal heart
rate accelerations combined with fetal movements are important signs for well-being in
non stress test, and that fetal gross movements are one of the ultrasonographic indices in
the biophysical profiling score to assess fetal well-being. Furthermore, fetal movements
are counted by the mother themselves to reduce fetal death in some medical situations,
though there has been no agreement as to whether this improves perinatal outcomes.
Our results suggest that the above-mentioned methods for assessing fetal well-being do

not need to consider gender differences.

On the other hand, it is well known that there are neurological differences during
development between males and females. Voigt J et al. '" examined the weight of the
brain in 0-18 year-old boys and girls, and showed that brains of girls were a little lighter
than those of boys, even after adjusting for their physical differences. Allen LS et al. '?
examined the human corpus callosum using MRI (magnetic resonance imaging), and
showed that there were differences in its shape between adult men and women. The
posterior region of the corpus callosum was more bulbous shaped in females and more

e

tubular-shaped in males. Benbow CP et a studied the mathematical reasoning ability

of boys and girls for over twenty years. They showed that the standard deviation of
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ability was about 1.5-times larger in boys than in girls, and the ability of females was

more balanced and narrowly focused.

As for fetuses, however, little is known about neurological differences between
the sexes. There are differences in the hormonal environments between male and female
fetuses, and this may affect neurological development. JM Reinisch et al. ¥ examined
the effect of synthetic progestins with androgenic action - fetuses exposed to the drug

showed a significantly higher potential for physical aggression than unexposed fetuses.

Recently, it has been recognized that fetal movements indicate neurological
development. Kurjak et al. * suggested a new scoring system for fetal movements by
3D/4D ultrasonography that may help in detecting fetal brain and neurodevelopmental
alterations due to in-utero brain impairment. Morokuma et al. ' devised a brief
ultrasound examination as an antenatal behavior-screening test that may make it

possible to assess fetal brain function.

Consequently, we thought comparing movements between male and female
fetuses might be useful to understand neurological differences during development
between the two.

We compared fetal gross movements between boys and girls in the absence of

complications; however, little is known about other behavior-related movements.
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1. ' observed mouth movements in 39 normal fetuses, over 60 min, at

Hepper PG et a
16, 18, and 20 weeks by ultrasonography, and showed that these increased with
advancing gestational age, and females were found to move their mouths more than
males.

On another angle, there may be complication-related behavioral differences
between male and female fetuses from a pathological perspective. Paolozza A et al. '
examined the accuracy and characteristics of saccadic eye movements in children with
fetal alcohol spectrum disorder, and concluded that prenatal alcohol exposure had a
sexually dimorphic impact on eye movement control, with males and females exhibiting
different patterns of deficit. On top of that, it is known that male gender is a risk factor

for cerebral palsy '”. The developmental differences between male and female fetuses

must have multiple aspects and further study is needed to understand these differences.
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Figure legends

Figure 1

The FMAM recorder with two acceleration sensors. One sensor is a fetal movement

sensor that is attached to the mother’s abdomen, while the other is a maternal movement

sensor attached to the mother’s thigh.

Figure 2

A scatter plot showing individual proportions of positive epochs depending on

gestational age for female.

Figure 3

A scatter plot showing individual proportions of positive epochs depending on

gestational age for female for male.

Figure 4

A box plot showing the proportion of positive epochs for male and female fetuses.

A: Total period (28-39 weeks)

B: Earlier (28-33 weeks) and later period (3439 weeks)
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Table 1. Characteristics of the pregnant women and the newborns.

Male female p-value
(n=15) (n=15)
Characteristics Age
33.3(5.3) 33.4(4.9) 0.9716
of the mothers
Nulliparaous 12 10
Multiparous 3 5
Height(cm) 158.6(3.2) 158(6.0) 0.7351
Body weight (kg) 51.173(5.4) 52.7(8.9) 0.5818
BMI 20.3(2.2) 21.0(2.8) 0.4675
Characteristics ~ Gestational age at
of the delivery (weeks 39w1d(8d) 39w1d(8d)  0.9997
newborns and days)
Vaginal delivery 12 11
Cesarean delivery 3 4
Bodywelght (&) 30513G165) 077 05903
(344.0)
UApH 7.285(0.056)  7.284(0.061)  0.9639
Umbilical
54.8(6.0) 56.8(15.1) 0.6439
length(cm)

Data are presented as mean (S.D.)
*The comparisons between the two groups were done by student-¢ test and chi-square
test.



=y
)
~
=
{eTi]

-

[ry



Fugure 2

The proportion of positive epoch
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Fugure 3

The proportion of positive epoch
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Figure 4
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