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ABSTRACT
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Aim: To evaluate the effect of parity on fetal behavior between
primi- and multiparas.
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Materials and methods: Fetal behavior was assesed by
Kurjak’s antenatal neurodevelopmental test (KANET) using
four-dimensional (4D) ultrasound between 32 and 36 weeks of
gestation. Forty-four primiparous and 61 multiparous women
were studied. The total value of the KANET score and values
of each parameter (8 parameters) were compared.

INTRODUCTION

Results: The total KANET score was normal in both groups
except for in only one case in the multiparous group (total
KANET score of 9), and there was no significant difference in the
total KANET score. When individual KANET parameters were
compared, we found a significant difference in only one fetal
movement, isolated eye blinking, between fetuses of primiparas
(median, 2; range, 0–2) and multiparas (median, 1; range, 0–2)
(p < 0.040). No significant differences were noted in the other
seven parameters.
Conclusion: Our results suggest that the level of relaxation of
pregnant women may affect fetal behavior, particularly the rate
of eye blinking. A relaxed state of primiparas may promote the
maturation of the fetal brain, especially the central dopamine
system function.
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Maternal stress was reported to suppress fetal motor
activity during pregnancy.1 The level of relaxation of
primiparas was greater than that of multiparas in the
third trimester of pregnancy. 2 Moreover, maternal
satisfaction early postpartum was significantly correlated
with comfort in late pregnancy.2 Therefore, the emotional
or stress state in pregnancy might be different between
primi- and multiparas, and this may have an effect on
fetal behavior.
Kurjak’s antenatal neurodevelopmental test (KANET)
has been developed to evaluate fetal neurodevelopmental
functions using four-dimensional (4D) ultrasound, based
on the concept that fetal behavioral patterns directly
reflect developmental and maturational processes of the
fetal brain and central nervous system.3-5 The aim of the
present study was to evaluate KANET scores using 4D
ultrasound between primi- and multiparas in order to
assess the effect of parity on fetal behavior.

MATERIALS AND METHODS
Fetal behavior was assesed by KANET using 4D ultra
sound between 32 and 36 weeks of gestation. One
hundred and five middle- and high-class pregnant
Japanese women (44 primiparas and 61 multiparas)
were studied using a Voluson E8 (GE Healthcare, Tokyo,
Japan) with a curved array transabdominal transducer
(4–8.5 MHz) between June 2013 and May 2015. The
women were recruited randomly. Clinical characteristics
of the subjects in each group are shown in Table 1. This
study was approved by the Kagawa University Graduate
School of Medicine ethics committee, and standardized
written informed consent was obtained from all women.
Only non-smokers with singleton, uncomplicated
pregnancies were included in the study. Each pregnant
woman was examined only once for KANET evaluation.
Based on the first day of the last menstrual period,
gestational ages were estimated. First-trimester or
early second-trimester ultrasound examinations were
conducted to confirm these ages. The growth of all
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fetuses was normal, and there were no abnormalities on
conducting 4D ultrasound examination. Within 24 hours
after delivery, an extensive pediatric assessment was
performed of each neonate. No neonate was found to
have congenital anomalies or genetic disorders.
Values of the total KANET score and each parameter
(8 parameters) were compared between primi- and
multiparas. As previously reported,3 eight types of fetal
movement (isolated head anteflexion, cranial sutures
and head circumference, isolated eye blinking, facial
alteration or mouth opening, isolated leg movement,
isolated hand movement or hand to face movements,
finger movements, and gestalt perception of general
movements) were examined. The duration of each
ultrasound examination was between 15 and 20 minutes,
and fetuses were examined while they were awake. A
score range of 0 to 5 was characterized as abnormal, 6 to
9 was considered borderline, and 10 to 16 was normal.
A quiet temperature-controlled room was used for all
examinations. There was no mechanical or acoustic
stimulation during image acquisition.
All statistical analysis was conducted with IBM SPSS
statistical software, version 22 for Windows (IBM SPSS
Inc., Chicago, IL, USA). Differences in the maternal
age, birth age, and birth weight between primi- and
multiparous groups were assessed by the unpaired t-test.
Differences in parity and Apgar score values between
the groups were investigated with the Mann-Whitney
U test. Sex ratios were compared using a Chi-square test.
Differences in variables of eight parameters and total
KANET score between primi- and multiparas were also
assessed with the Mann-Whitney U test. p < 0.05 was
considered significant.

RESULTS
The clinical characteristics of subjects in each group are
shown in Table 1. There were no significant differences
in the birth weight or Apgar scores at 1 and 5 minutes
between the two groups. There were significant diffe
rences in the maternal age, parity, birth age, and sex ratio
between the groups (p < 0.05).

All total KANET scores were normal in both groups
except for in only one case in the multiparous group (total
KANET score of 9 in this case), and there was no significant
difference in the total KANET score between fetuses of
primiparas (median, 14; range, 10–16) and multiparas
(median, 14; range, 9–16) (Table 2). When individual
KANET parameters were compared (Table 2), we found a
significant difference in only one fetal movement, isolated
eye blinking, between primi- (median, 2; range, 0–2) and
multiparous fetuses (median, 1; range, 0–2)(p < 0.040).
There were no significant differences in the other seven
parameters between primi- and multiparas (Table 2).

DISCUSSION
In the previous 4D ultrasound studies,6-9 the frequency
of fetal eye blinking increased with the gestational age
after 20 weeks of gestation. An increasing frequency of
eye blinking with advancing gestation might suggest the
development and maturation of the fetal brain and central
nervous system.9 In neonates, spontaneous eye blinking
is used as a noninvasive parameter of the dopamine
system function.10 Moreover, brain functions regulate
the spontaneous eye blinking rate,11,12 and an increase in
the spontaneous eye blinking rate is likely to be related to
central dopamine system maturation.13-16 In the present
study, the eye blinking score of KANET in primiparas was
significantly higher than that in multiparas. In the KANET
score, a high eye blinking score indicates an increase in the
eye blinking rate.5,17 Therefore, the maturation of the fetal
brain, especially the central dopamine system function,
may be promoted in primi- compared to multiparas in
the third trimester of pregnancy.
Nakamura et al2 studied the maternal emotional
state using the prenatal comfort scale (PCS) between
primi- and multiparas in the third trimester of pregnancy.
The PCS measures positive affect in pregnant women,
and a higher total score indicates greater experiences
of maternal comfort during pregnancy.18 The total
score in primiparas was significantly higher than that
in multiparas in the third trimester of pregnancy, and

Table 1: Clinical characteristics of subjects
Maternal
age (y.o.)

Para

Birth age
(weeks)

Birth
weight (gm)

Median
(range)

Mean
(SD)

Mean
(SD)

Apgar score
Sex
(male/
female)

1 min

5 min

Median
(range)

Median
(range)

Subject

n

Mean
(SD)

Primipara

44

30.3 (4.8)

0 (0)

40.1 (1.0)

3162.7
(370.1)

25/19

8 (7–9)

9 (9–9)

Multipara

61

33.4 (4.9)

1 (1–3)

39.7 (1.1)

3146.5
(313.7)

22/39

8 (3–9)

9 (7–10)

p < 0.003

p < 0.0001

p < 0.026

NS

p < 0.047

NS

NS

Significance

Y.O.: Years old; SD: standard deviation; NS: not significant
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2 (2–2)

NS

2 (0–2)

2 (0–2)

NS

NS

2 (2–2)

Median
(range)

14 (9–16)

Median
(range)

Finger
movements

14 (10–16)

Gestalt
perception
of general
movements

Median
(range)

2 (0–2)

2 (0–2)

NS

Isolated
leg
movement

Median
(range)

2 (0–2)

2 (0–2)

NS
NS
KANET: Kurjak antenatal neurodevelopmental test; NS: not significant

p<
0.04
NS
NS
NS
Significance

2 (0–2)
1 (0–2)
2 (2–2)
2 (0–2)
61
Multipara

34.2 (1.5)

2 (0–2)
2 (0–2)
2 (2–2)
2 (2–2)
44
Primipara

34.1 (1.6)

Median
(range)
Median
(range)
Median
(range)
Mean
(SD)
n
Subject

Examination
weeks

Median
(range)

Facial
alteration
or mouth
opening
Isolated
eye
blinking

The work reported in this paper was supported by a
Grant-in-Aid for Scientific Research on Innovative Areas
‘Constructive Developmental Science’ (No. 24119004),
and Research Grant (No. 25462561) from The Ministry
of Education, Culture, Sports, Science and Technology,
Japan.

REFERENCES

Isolated
head
anteflexion

Cranial
sutures
and head
circumference

comfort with motherhood was significantly correlated
with maternal confidence regarding knowledge and
childcare skills and maternal satisfaction in primiparas.2
Therefore, the comfortable sensation of primiparas may
promote the increase in the fetal eye blinking rate in the
third trimester of pregnancy. In conclusion, the emotional
state of pregnant women may affect the fetal behavior, in
particular the rate of eye blinking. However, the data and
interpretation should be considered with some degree of
caution because of the small number of subjects studied.
Further studies involving a larger sample size are needed
to confirm the effect of parity on fetal behavior during
pregnancy.

ACKNOWLEDGMENT

Isolated
hand
movement
or hand
to face
movements

Table 2: Comparison of KANET scores between primi- and multiparas

Total
score
Median
(range)

Does Parity have an Effect on Fetal Behavior? A Comparison between Primi- and Multiparas

1. DiPietro JA, Costigan KA, Gurewitsch ED. Fetal response to
induced maternal stress. Early Hum Dev 2003;74(2):125-138.
2. Nakamura Y, Takeishi Y, Ito N, Ito M, Atogami F, Yoshizawa T.
Comfort with motherhood in late pregnancy facilitates
maternal role attainment in early postpartum. Tohoku J Exp
Med 2015;235(1):53-59.
3. Kurjak A, Miskovic B, Stanojević M, Amiel-Tison C, Ahmed B,
Azumendi G, Vasilj O, Andonotopo W, Trudic T, SalihagićKadić A. New scoring system for fetal neurobehavior assessed
by three- and four-dimensional sonography. J Perinat Med
2008;36(1):73-81.
4. Stanojević M, Talic A, Miskovic B, Vasilj O, Shaddad AN,
Ahmed B, Salihagić-Kadić A, Predojevic M, Vladareanu R,
Lebit D, et al. An attempt to standardize Kurjak’s Antenatal
Neurodevelopmental Test: Osaka consensus statement.
Donald School J Ultrasound Obstet Gynecol 2011;5(4):317-329.
5. Antsaklis P, Kurjak A, Izebegovic S. Functional test for fetal
brain: the role of KANET test. Donald School J Ultrasound
Obstet Gynecol 2013;7(4):385-399.
6. Kurjak A, Andonotopo W, Hafner T, Salihagić-Kadić A,
Stanojević M, Azumendi G, Ahmed B, Carrera JM. Normal
standards for fetal neurobehavioral developments—
longitudinal quantification by four-dimensional sonography.
J Perinat Med 2006;34(1):56-65.
7. Yigiter AB, Kavak ZN. Normal standards of fetal behavior
assessed by four-dimensional sonography. J Matern Fetal
Neonatal Med 2006;19(11):707-721.
8. Lebit FD, Vladareanu R. The role of 4D ultrasound in the
assessment of fetal behaviour. Medica (Buchar) 2011;6(2):
120-127.
9. Sato M, Kanenishi K, Hanaoka U, Noguchi J, Marumo G,
Hata T. 4D ultrasound study of fetal facial expressions at 20-24
weeks of gestation. Int J Gynecol Obstet 2014;126(3):275-279.

Donald School Journal of Ultrasound in Obstetrics and Gynecology, January-March 2016;10(1):99-102

101

Toshiyuki Hata et al
10. Bacher LF. Development and manipulation of spontaneous
eye blinking in the first year: relationships to context and
positive affect. Dev Psychobiol 2014;56(4):783-796.
11. Fukuda K, Stem JA, Brown TB, Russo MB. Cognition,
blinks, eye movements, and pupillary movements during
performance of a running memory task. Aviat Space Envir
MD 2005;76(Suppl 7):C75-C85.
12. Siegle GJ, Ichikawa N, Steinhauer S. Blink before and after you
think: Blinks occur prior to and following cognitive load indexed
by pupillary responses. Psychophysiol 2008;45(5):679-687.
13. Bodfish J, Powell S, Golden R, Lewis M. Blink rate as an
index of dopamine function in adults with mental retardation
and repetitive movement disorders. Am J Ment Retard
1995;99(4):335-344.
14. Kleven MS, Koek W. Diffetential effects of direct and indirect
dopamine agonists on eye blink rate in cynomolgus monkeys.
J Pharmacol Exp Ther 1996;279(3):1211-1219.

102

15. Driebach G, Muller J, Goschke T, Strobel A, Schulze K,
Lesch K, Brocke B. Dopamine and cognitive control: the
influence of spontaneous eyeblink rate and dopamine gene
polymorphism on perseveration and distractibility. Behav
Neurosci 2005;119(2):483-490.
16. Colzato LS, van den Wildenberg WPM, van Wouwe NC,
Pannebakker MM, Hommel B. Dopamine and inhibitory
action control: evidence from spontaneous eye blink rates.
Exp Brain Res 2009;196(3):467-474.
17. Hanaoka U, Hata T, Kanenishi K, AboEllail MAM, Uematsu R,
Konishi Y, Kusaka T, Noguchi J, Marumo G, Vasilj O, et al.
Does ethnicity have an effect on fetal behavior? A comparison
of Asian and Caucasian populations. J Perinat Med 2015. DOI
10.1515/jpm-2015-0036.
18. Takeishi Y, Nakamura Y, Atogami F, Yoshizawa T. Develop
ment of the prenatal comfort scale. J Jpn Maternity Nurs
2011;11(1):11-18.

