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Differences and similarities in the intra-uterine behaviour
of monozygotic and dizygotic twins

Alessandra Piontelli, Luisa Bocconi, Chiara Boschetto, Alessandra Kustermann and Umberto Nicolini

Division of Maternal-Foetal Medicine, 1st Department of Obstetrics and Gynaecology, University of Milan, Italy

Diagnostic advances have made it possible to use ultrasonograph to assess placentation and
therefore zygosity in utero in the case of monochorionic-monozygotic twins. Foetal behaviour of
15monozygotic and 15unlike-sexed dizygotic twin pairs was studied serially with ultrasounds
from 10 to 22 weeks gestational age. Each twin, regardless of its zygosity, showed individualised
behavioural styles. One twin was found to be ‘dominant’ in the sense of being more active, but less
reactive, possibly due to the fewer stimuli being generated by its co-twin. Monozygotic twins, as
opposed to dizygotic twins, showed greater similarities in activity and reactivity levels, but were
never behaviourally identical and decreased in likeness with increasing age. Our data suggest that
so-called identical twins are very similar, but not behaviourally identical, from very early in
pregnancy. The unequally shared intrauterine environment contributes to putting each mono-
zygotic twin on a progressively distinct behavioural path.
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Introduction

Since the publication of Sir Francis Galton’s work,’
monozygotic (Mz) twins have been studied as a
living experiment to try and clarify the nature/
nurture controversy. Although several authors®®
have stressed the importance of considering pre-
natal factors as important variables in twin studies,
only a few retrospective’'° studies and one pro-
spective work'" have taken intra-uterine elements
into account.

Due to the advent of ultrasounds in obstetrics
towards the end of the 1970s, studies of human
foetal behaviour have begun to emerge from the mist
of anecdotal or largely unverifiable evidence. Pre-
natal investigations of foetal behaviour are generally
difficult to apply to large populations. They also
suffer from other limitations, such as the impossi-
bility of obtaining a three-dimensional view of the
foetal body and its complete visualisation after the
20th to 22nd week of pregnancy. Nevertheless, fun-
damental knowledge of behavioural development in
utero has been accumulated, paving the way for
further methodologically robust explorations.’*'®

Until fairly recently, prenatal determination of
zygosity was only possible in the case of opposite
sex (OS) dizygotic (Dz) twin pregnancies. Dz twins
always have separate placentas and amniotic sacs.
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Recent ultrasonograph diagnostic advances have
made it possible to establish monozygosity in utero
in those cases where the placentas are mono-
chorionic (MC)."*° Mz twins share 100% of their
nuclear genes, but can have different types of
placentation according to when the split initiating
the twinning phenomenon takes place. The majority
of them (70%) share the same placenta and inhabit
two different amniotic sacs and are hence called
monochorionic (MC), di-amniotic (DA),2"** This
prenatal distinction has opened up the possibility of
comparing the behaviour of Mz and Dz twins in
utero. Nevertheless monochorionicity, and therefore
monozygosity, must always be re-confirmed at
birth.>>**

In the present work we decided to focus on the
early stages of twin pregnancies subdividing our
sample according to zygosity in order to 1) evaluate
differencesin the behaviour of foetal twin pairs; and
2) compare differences and/or similarities in the
behaviour of Mz and Dz twin pairs.

Subjects and methods

The hospital ethics committee approved this study
and informed consent was obtained from all women
taking part.

Fifteen MC-Mz and 150S-Dz twin pairs were
observed by ultrasound weekly from week 10/11 to
week 13 gestational age. Subsequent recordings took
place between 15/16, 18/19 and 21/22 weeks. Gesta-
tional age was calculated from thefirst day of the last
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menstrual period and confirmed by ultrasound scan.
Chorionicity was confirmed at birth by a pathologist
in all pregnancies. The cohort of Mz-MC twins
comprised 8male and 7female pairs. Overall
31 males and 29females were observed.

Mean gestational age at delivery was 36.1 weeks
(range = 33-37). Although some children (8) had to
have a rather lengthy stay in the intensive care unit
(range = 15days—1 month), due to their prematurity
and to various problems linked with it, all were
found to be well at discharge from hospital and at
6 months follow-up.

All ultrasound observations were performed using
a 5MHz probe (Acuson, Mountain View, Ca, USA)
and recorded on videotape. At gestational ages
11/13, given the possibility of visualising both foetal
bodies simultaneously, the observations lasted
30min each. Subsequently, due to the complex
spatial distribution of the two foetal bodies, each
foetus was observed for 30 consecutive mins, after
which the probe was moved to visualise the other
twin. The use of two different probes and, moreover,
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of additional probes proved to be unfeasible as the
probes were found to interfere with each other. Care
was taken always to include parts of the co-twin in
the ultrasonic field. On each occasion, ultrasono-
graphic foetal measurements, evaluation of amniotic
fluid volume, and Doppler blood flow velocimetry
were also obtained. Individual twinswereidentified
at subsequent observations using a combination of
criteria, which included foetal gender, placental site,
size, and laterality within the uterine cavity.

Foetal motility was analysed retrospectively and
independently by two operators through repeated
playbacks of the tapes.

All recordings were submitted to four types of
analysis:

1) The overall activity level of each foetus during
each observation was determined by addingthe
duration of all spontaneous movements, and
was expressed as a percentage of the observa-
tion time, hiccups and foetal breathing not
being considered active somatic movements.
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2) Reactivity levels were calculated by adding the
duration of all evoked movements. This sub-
division, however, was only possible from
13 weeks gestational age, as evoked movements
tend to appear later in dichorionic (DC) preg-
nancies,” thus rendering in this respect the
comparison between Mz and Dz twins unfea-
sible at earlier gestational ages.

3) Spontaneous and evoked foetal movement pat-
terns were classified according to de Vries et
al™ and counted in seconds in order to inves-
tigate the rank order of incidence of the
different movement patterns for each individ-
ual foetus. This analysis was applied from
15weeks gestational age, when the motor rep-
ertoire of the human foetus can be considered
complete.’

4) Finally a statistical analysis of the overall
spontaneous and evoked activity in relation to
time (gestational age) was made. Individual
spontaneous and evoked activity levels were
analysed with alinear regression.?® The behav-

Pair N.1 - Dizygotic Twins -Linear Regression

50
=
g 40 twin a
$
o 30
=3
8
§ 20 (a)
= y = -0.982x' +53.9, m T1°=0.65
& 10} (b)
y =-0.572x" +28.5, max dev:4.93, °=0.397
0
5 10 15 20 25

Gestational age [weeks]

Pair N.9 - Dizygotic Twins - Linear Regression

50

40

twin a
30

20 (a)

y = -2.02x' +66.3, max
101 (b)
y = -0.804x' +29.7, max dev:2.67, *=0.841

AN P_o.946

spontaneous activity

5 10 15 20 25
Gestational age [weeks]

Figure2 Simple activity plots of Dz pairs

https://doi.org/10.1375/twin.2.4.264 Published online by Cambridge University Press

ioural patterns of all twins were thus described
in a simple linear way. These were then
checked with the determination coefficient r.
An r? value of 0.8 implies that 80% of the
variability can be accounted for by a systematic
linear effect attributable to gestational age.?®

Results

Inter-pair differences of activity level were found to
be consistent over time. The twin in each pair who
was relatively more active at one time of observation
continued to be more active during other observa-
tions.Figures1 and 2 show some examples of simple
activity plots of Mz and Dz pairs. Only one pair of
Mz twins (Pair 11) deviated from the general pattern.
Because of a growing disproportion in the volume of
amniotic fluid in the two sacs, the range of motions
of the originally more active twin was progressively
restricted, so that this twin became the less active.
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The majority (16 out of 30cases) of more active
twins were found to have greater birth weights
compared with their co-twins. This did not apply to
higher reactivity levels that were equally distributed
amongst lighter and heavier twins (Table 1).

Evoked movements showed an opposite trend
compared with activity levels. In 10Mz and 10Dz
pairs the more active twin was found to be the less
reactive. Figures3 and 4 show some examples of
simple reactivity plots of Mz and Dz pairs.

Although similarities in activity levels were
greater in Mz than in Dz twin pairs, activity levels
also differed significantly between Mz twin pairs.

Thewithin-pair differences of activity levelsin Mz
twins increased progressively with gestational age,
whereas slight trends in the opposite direction were
noted in Dz twin pairs.

By 13weeks gestational age, all twins save two
reacted with elicited motionsto the physical contact
provided by spontaneous movements of the other
twin. Within-pair differences of reactive motility
were more marked in Dz than in Mz twins, butin Mz
twins the within-pair differences of reactivity
increased with age.

As said before, evoked activity starts earlier in
MC-Mz twins.?®> Spatial contiguity and thinner
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dividingmembrane favour earlier stimulation. In our
sample evoked activity was considered from
15weeks gestational age. A previous study had
shown thisto bethe age when most twins, regardless
of their chorionicity, start intra-pair stimulation.?
Evoked activity displayed a tendency to become
homogeneous between Mz and Dz twins with
increasing gestational age.

Spontaneous activity showed adifferent trend. Up
to 15weeks gestational age Mz and Dz twins showed
almost the same trends in activity. After this stage
activity diminished in both groups, but more notably
in the case of Mz twins. Figure5 summarises the
overall activity and reactivity trends in relation to
gestational age in Mz and Dz twins.

Finally the analysis of spontaneous single motor
patterns did not reveal greater similarities in the
behaviour of Mz twins. From 15weeks gestational
age Mz and Dz twins merged together at a less
macroscopic level of investigation showing inter-
twin differences which persisted over time. Single
motor patterns analysed following the classification
of De Vries et al," differed between each pair at all
gestational ages. Figures6 and 7 show some exam-
ples of ‘actograms’ of spontaneous and evoked
activity patternsin Mz and Dz twins.

Table 1 Sex r? (activity), r? (reactivity) and birth weights of Mz and Dz twins
Mz twins Sex  r?(activity)  r?(reactivity) Birth wt, g Dz twins Sex r? (activity)  r?(reactivity)  Birth wt, g
1 Twin a F 0.95 0.495 2.600 1 Twina M 0.653 0.014 2.550
1 Twinb F 0.95 0.663 1.890 1 Twinb F 0.397 0.3 3.100
2 Twin a M 0.787 0.938 2.350 2 Twina F 0.959 0.592 1.900
2 Twinb M 0.969 0.192 2.840 2 Twinb M 0.908 0.596 1.850
3 Twina M 0.856 0.736 2.420 3 Twina M 0.858 0.672 2.260
3 Twinb M 0.701 0.965 2.230 3 Twinb F 0.82 0.774 2.290
4 Twin a M 0.861 0.938 1.300 4 Twina F 0.773 0.218 2.340
4 Twinb M 0.754 0.4 2.200 4 Twinb M 0.702 0.376 2.690
5 Twin a M 0.61 0.779 2.450 5 Twina M 0.777 0.948 2.200
5 Twinb M 0.808 0.192 2.780 5 Twinb F 0.628 0.889 2.500
6 Twin a M 0.721 0.979 2.260 6 Twina F 0.798 0.876 1.620
6 Twinb M 0.785 0.876 2.010 6 Twinb M 0.425 0.801 1.890
7 Twin a F 0.786 0.563 2.850 7 Twina M 0.777 0.411 2.760
7 Twinb F 0.892 0 2.340 7 Twinb F 0.826 0.581 2.790
8 Twin a F 0.565 0.988 2.570 8 Twina F 0.896 0 3.100
8 Twinb F 0.775 0.793 2.500 8 Twinb M 0.863 0.386 2.640
9 Twin a M 0.563 0.59 1.880 9 Twina M 0.946 0.729 3.200
9 Twinb M 0.88 0.098 2.390 9 Twinb F 0.841 0.738 3.040
10 Twin a F 0.781 0.941 2.400 10 Twina F 0.917 0.455 2.900
10 Twinb F 0.882 0.3 2.300 10 Twinb M 0.871 0.963 2.330
11 Twin a M 0.288 0.08 2.000 11 Twina M 0.869 0.763 1.860
11 Twinb M 0.805 0.505 2.560 11 Twinb F 0.815 0.873 2.460
12 Twin a M 0.87 0.69 2.300 12 Twina F 0.601 0.94 2.900
12 Twin b M 0.815 0.588 1.800 12 Twinb M 0.549 0.932 2.710
13 Twin a F 0.758 0.164 1.480 13 Twina M 0.874 0.138 2.820
13 Twinb F 0.914 0.216 1.650 13 Twinb F 0.886 0.763 2.900
14 Twin a F 0.815 0.992 1.790 14 Twina F 0.745 0.009 2.800
14 Twin b F 0.932 0.98 1.940 14 Twinb M 0.401 0.012 1.790
15 Twin a F 0.944 0.992 2.140 15 Twina F 0.972 0.263 1.855
15 Twin b F 0.976 0.1 2.750 15 Twinb M 0.912 0.084 2.720
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Figure3 Simple reactivity plots of Mz pairs

Discussion

Our datawould seem to indicate an already complex
interplay between genetic and environmental forces
from the early stages of pregnancy. Active foetal
movements begin around 7.5weeks gestational
age.” By 10weeks gestational age, and possibly
before, Mz twins showed difference and consistency
of spontaneous and reactive behaviour and this
continued over time.

In addition our data would seem to indicate that
‘dominance’ of one twin may be present in utero.
Nevertheless dominance should only be considered
to mean that one twin tends to be more active than
its co-twin. Activity in the foetus, and particularly so
in the first and second trimester, does not mean
wakefulness and therefore it cannot entail all the
genuinely socially complex interchanges which can
only take place in life after birth. The case of the Mz
twin which became constrained in its movements
due to an intervening scarcity of amniotic fluid
reminds us that initial trends are not unchanging.
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Innumerable variables can always disrupt and
change apparently established inclinations.

The inverse relationship found to exist between
spontaneous and evoked activity was probably due
to the fact that the more active twin was stimulated
less often by the less active twin. In addition the fact
that similar behavioural patterns were repeated by
the same individual at different stages also seems to
substantiate the hypothesis that individual behav-
iour tends to be well differentiated from early
gestational ages.

Although Mz twins initially behaved more sim-
ilarly than Dz ones, these twins also showed a
tendency to differentiate more clearly with advanc-
ing gestation. By 22 weeks gestational age their mean
differences in activity and reactivity levels almost
reached the same degree of magnitude as those of Dz
twins.

Furthermore the greater similarities shown in the
activity and reactivity levels of Mz twins could not
be found when analysing single motor patterns.
Individual differences in these were found to be
present in both Mz and Dz twins. This did not tend
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to decrease over time, suggesting that each foetus,
regardless of its zygosity, had its own individual
‘style’ of acting and reacting within the broader
range of spontaneous behavioural patterns aswell as
prevalent responses to stimulation.
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Thefact that both Mz and Dz twins decreased their
activity with advancing gestation wasin line with a
general decrease in activity in the singleton.”” This
decrease in activity is global, but affects especially
whole body activities such as general movements
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Figure6 Patterns of spontaneous foetal movements (Mz and Dz pairs)

and ‘startles’. However, Mz twins decreased their
activity more rapidly and sharply. This might possi-
bly be explained by the effects of a more troubled
pregnancy making themselves felt earlier in this
group. Suffering foetuses tend to spare their energy
by moving less.?® Intrauterine conditions are gen-
erally far from optimal in MC-Mz pregnancies and
this could reverbate on the overall activity of MC-Mz

twin foetuses.

Ideally, one would like to analyse all sub-types of
twin pregnancies and be able to compute whether or
not sharing the same placenta may add to possible
similarities/dissimilaritiesin Mz twins and whether
having the same gender may also increase possible
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similarities/dissimilarities in Dz twins. We are cur-
rently attempting to gather a sufficiently large range
of these samples, but this will clearly take a long
time. Furthermore, since the majority of Mz twins
areindeed MC, it may well be that some behavioural
characteristics of Mz twins found in twin studies
could be related to this specific type of placentation.
Usually twin studies are blind to the type of
placentation of twins.

Our combined results would seem to incidate
intrauterine environmental factors at play in setting
each single foetus in its own behavioural path
regardless of its zygosity. The intrauterine environ-
ment far from being static is subject to constant
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30% + I Hand/face contact 30% + 4 Hand/face contact
20% + -
B 1solated arm mov. 20% B Isolated arm mov.
10% + 10% 1 ]
& 1solated leg mov. Isolated leg mov.
0% - 0%
[ startle 7 startle

M General mov.

15/16 w.
18/19 w.
20/22 w.
18/19 w.
20/22 w.

M General mov.

15/16 w.
18/19 w.
20/22 w.
15/16 w.
18/13 w.
20/22 w.

Figure7 Patterns of evoked foetal movements (Mz and Dz pairs)

changes®* and can show innumerable individual

variations even within its main constant compo-
nents such as the placenta, umbilical cord, and
amniotic fluid.®"%

This is all the more evident in twin gestations
since the majority of twin foetuses do not share such
macroscopic components as placentas, umbilical
cords and amniotic sacs, but even when they do,
their placentas are never equally shared, their
amniotic fluid (save in the case of the very rare
monoamniotic pregnancies) is never equally distrib-
uted and their umbilical cords, even in the extremely
uncommon occurrence of a joint insertion, never
carry identical blood flows.
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Furthermore, twins develop in different locations
within the uterus and receive not only an unequal
share of blood supply, nutrients and other sub-
stances, but also of stimuli. Not only macro but also
internal as well as external micro-environmental
conditions differ between them from the start.
Uniqueness and chance characterise their intra-
uterine life. Initial differences and apparently small
asymmetries in the intrauterine sojourn of identical
twins, with all the cascading effects this entails
during a particularly turbulent and sensitive stage,
may carry great weight®**** in founding so-called
constitutional differences and initiating behaviour-
ally divergent paths.
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The frequent weight discrepancy found in twins at
birth®® is perhaps the most macroscopic result of
such unequal and casual partaking. Though none of
the twins in our sample suffered from it, Mc twin
pregnancies can be subject to a unique dynamic
unbalance between their shared placental circula-
tions. Thisleads to the so-called foetal -foetal transfu-
sion syndrome.***® This condition can further
increase weight and cardiovascular dissimilarities
between twins.

In any case, each twin isan integral and active part
of the environment of its co-twin. A ‘couple effect’®
seems already to be operative in life before birth.
Nevertheless this should not be taken to mean that
twins have complex intra-pair social communica-
tions, but simply that intra-pair interactions exist
between twin foetuses and that this component isan
active and distinctive constituent of theintra-uterine
environment.
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