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Abstract. Monochorionic twins may differ from dichorionic monozygotic (MZ) twins because
of the transfusion syndrome and the timing of the cleavage of the zygote. Intrapair birthweight
differences may be an indicator of these intrauterine variables. Previous evidence concerning
weight differences and intellectual ability in MZ twins is reviewed with recommendations that
future research also incorporates full placental data. Poorer scores on a nonverbal test are
found for the lighter male twin of pairs with large intrapair differences in birthweight. Co-
twin concordance rates for test scores are also highest for this group indicating that they vary
consistently from other groups. Some evidence is presented from the present and earlier studies
implicating anomalies of asymmetry or the transfusion syndrome as possible causes of these
differences in brain functioning. The study adds further doubts as to the validity of any assump-
tion of developmental equivalence between MZ twins and the general population.
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INTRODUCTION

Monozygotic (MZ) twins result from the splitting of a single egg but are not a homogeneous
group. Prenatally the source of this variation relates to differences in the timing of zygote
division which is reflected in the form of placentation including choronicity [33]. It is believed
that dichorionic (DC) placentation results if division occurs within approximately 3-4 days
and that approximately 20-30% of all MZ twins are dichorionic and the remaining two thirds
monochorionic (MC) [18]. However, reported incidences of DC MZ vary from 18% to 46%
[14,17,19,23,37,38,46 ]. Twinning is a fairly random process distributed over the first 14 days
of development {8,33] and its relationship to form of placentation is more fully described by
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several authors [12,33].

In MC twins only, a blood transfer from one twin (the donor) to the other (the recipient)
may occur during intrauterine life [7,8]. This vascular interconnection is almost always
[2,7,14,44] or invariably [9] present in all MC twins. Based on pathological examinations of
placentas, Strong and Corney report that there is some interconnection between fetal circula-
tions in 90% of MC twins [44].

While minor degrees of anastomoses may pass unnoticed [14], in acute cases they can
lead to a significant difference in blood hemoglobin levels at birth with the donor twin often
anaemic and the recipient twin plethoric but equally developed. It is the one way circulation,
generally artery to vein, which causes an imbalance of blood supply between the twins and
can result in, depending on its severity, noticeable birthweight differences (BWD) between
cotwins. The donor twin may be, in addition, smaller in weight or length or even perish to
form a fetus papyraceus, while the recipient twin is larger and sometimes shows acute hydram-
nios [8,14].

The vascular anastomoses can only be detected by a pathologist by means of a thorough
examination of the placenta after birth which includes the injection of a lightly coloured watery
solution into surface vessels according to the method described by Benirschke [6]). Consequently,
diagnosis of the syndrome is still somewhat arbitrary and depends on a combination of clinical,
anatomical and hematological criteria [28]. A weight difference of 500 g or more [33] or a
hemoglobin discrepancy of 5 g/100 ml {40] has been suggested as indicative of the presence
of the syndrome, but it has been variously diagnosed as occurring in 2-3% [44], 15%, [40],
15-30% [11] or 23% [23] of live-born twins. Opinion differs as to whether the superficial artery-
to-artery or vein-to-vein anastomosis, so common in normal placentas, can exist alongside
the more severe vascular cominunication of the twin transfusion syndrome. Some [2] state
that they are totally absent, but a more recent study [46] found in their series of 32 diagnosed
cases of the syndrome that artery-to-vein (or vein-to-vein) circulation both coexisted with artery-
to-artery or existed alone and led to a severe form of the syndrome, but most twins survived.
The vein-to-vein combined with artery-to-artery anastomoses produced the worst fetal out-
come with a mortality rate of 40%. A prenatal mortality rate of around 14% had been reported
in earlier studies [14,2] but the Japanese study [46] found an overall survival rate of only 70%.

Despite a ‘““plea”’ to the obstetrician by Benirschke [6] and others [20,44] during the 1960s,
that such accurate placental data be recorded at birth, the practice is still not widespread and
may be the main reason why most studies of twins either fail to recognize these potentially
important differences in the prenatal environment or do not have the necessary placental data
to take them into account [8,16]. Even in the 1950s Price [39] warned that interpretations of
twin differences are not valid unless intrauterine variations have been considered and others
since have reemphasized their warning [3,16,5]. As well as the obvious implications for genetic
analysis using twins, intrauterine differences could well be critical to the long-term cognitive
development of twin children.

Since the relevant placental information is still rarely obtainable retrospectively, the presence
of the twin transfusion syndrome and therefore of monochorionicity can be fairly reliably
deduced from large birthweight differences between cotwins, though not invariably [11,28].
However, only very few studies on longer term effects have been conducted, most studies are
not recent and they present significant methodological deficiencies. The possible relationship
of these weight differences to the transfusion syndrome is rarely explicitly stated and is still
poorly understood by some researchers[3,4]. Even fewer studies have examined the effects
of the severity of the syndrome, as indicated by magnitude of weight difference. Some early
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studies have in fact focused only on the performance on tests of the heavier and lighter twins
without regard to the size of the weight difference [15,34,42].

Overall, research on the relationship of being the smaller (donor) or larger (recipient) cotwin
of a MZ pair has been inconclusive as the following brief discussion of the most relevant studies
shows.

In 1964 the performance of 16 sets of ‘‘like sex’’ twins from 4.5 to 11 years of age, where
the lighter twin was at least 25% smaller and weighed less than 2,000 g at birth, was examined
on the Stanford-Binet IQ test, the Peabody Picture Vocabulary test (PPVT) as well as on speech
development and physical growth measures [3]. For the 9 MZ sets (as determined by blood-
typing and physical appearance), they found a significant difference of 6.6 Binet IQ points
and 2.7 PPVT IQ points in favour of the heavier twin.

A year later, Churchill [15] tested 50 sets of twins aged between 5 and 15 years for the
relationship between birthweight (BW) and performance on the Wechsler Intelligence Test for
Children (WISC). While he found a lower 1Q for the lighter cotwins in the whole sample when
MZ and DZ twins were analysed separately, there was only a statistically significant difference
in the 22 identical sets, 13 of whom were MC and the other 9 “‘clinically identical’’. However,
when the WISC IQ of the MZ group was divided into the Verbal and Performance Scales,
the cotwin mean difference of the Performance section was highly significant (P < 0.0005)
but the Verbal section was not. While the finding of a lower nonverbal score for the lighter
twins is interesting, this paper did not examine the relationship between weight differences
and ability.

In a study of the IQ scores of 19 pairs of MZ twins, among the 8 male pairs the smaller
twin scored lower in every case, while there was no difference in the 11 female pairs [20].
However, only in a quarter of the pairs did the weight difference exceed 10%. There was no
difference in the DZ sample except where birthweight difference (BWD) exceeded 25%.

Kaelber and Pugh [30] presented their own data on a comparison of twins with marked
BWD while reanalysing the data of earlier studies which they believed depended on numerically
small and highly selected samples. They studied 374 twin sets born in four major Boston hospitals
in the 1950s. The Stanford-Binet was administered to 40 sets, the remainder received group
IQ tests. Although not significant, the mean score of the heavier twins was higher than the
mean score of the lighter on all tests. When amount of BWD (> or < 300 g) was taken into
account, the mean of the IQ difference was significant only in ‘‘like sex’’ pairs and favoured
the heavier twin. For the 44 MZ pairs, only 5 were bloodtyped and 20 were found by a pathology
examination to have a single chorion, with the remainder classified only by a physician’s state-
ment on the birth record form. The ¢““MZ’’ pairs with BWD > 300 g had a mean 1Q difference
of 5.76 points in favour of the heavier twin but no such association was found in the 27 pairs
with small BWD or in the DZ sets. A later erratum [31] reduced the IQ advantage from 5.76
to 5.13 IQ points, no longer a statistically significant difference. This was because 2 of the
17 “MZ”’ pairs had been misclassified and were DZ and it is still possible that the earlier fin-
ding could be statistically significant with a larger sample. Their reanalysis of Churchill’s 1965
data, while it found a significant difference between birthweight and IQ in the 17 *‘like sex’’
pairs with a 300 g cotwin BWD, was not useful because zygosity was not accurately determin-
ed even though Churchill’s original data provided it. Kamin [30] reanalysed this data more
validly using 22 MZ twins and found no significant difference between the heavier twins from
the smaller and larger (or 300 g) BWD groups.

A more recent study [4] retested the 9 MZ pairs from an earlier sample who, as well as be-
ing tested at a mean age of 8 years, were tested at a mean age of 13 years on the WISC Verbal
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Scale and the PPVT. The difference of 8.7 and 7.4 IQ points, respectively, in favour of the
heavier twin was significant on both measures and increased over the five-year period. Eight
of the pairs who had reached a mean age of 18 years were again compared, but only on high-
school records and aptitude test, and while the superiority of the larger twin persisted, it is
not clear what the tests are measuring. Only in school achievement did some equalization oc-
cur and the authors suggest that the smaller twin may have attempted to compensate.

In 1974, Fujikura and Froelich [24] also reviewed the earlier studies and questioned the
fairly consistent finding of IQ differences between MZ cotwins of different BW because of
their small sample sizes, retrospective data and dubious methods of establishing zygosity and
drawing particular attention to Kaebler and Pugh’s subsequent erratum [31]. They undertook
a prospective study of 125 MZ sets with unequal cotwin BW. To minimize the effect of varia-
tion in BW, the percentage difference in BW (PBD) was calculated as follows: 100(A - B)/A,
where A was the BW of the heavier twin and B that of the lighter. Both black and white twins
were included, but only the findings for the white group are discussed here.

The small weight difference group of <15% PDB (N = 16) was compared with the large
weight difference group > 15% PDB (N = 11) on the Bayley Mental and Motor Scale at 8 months
and the Stanford-Binet at 4 years, and there were no significant differences in the IQ of co-
twins in either the small or large PDB group. However, although not significant, the difference
was 4.73 Stanford-Binet IQ points in favour of the heavier twins in the large PDB group.

Since this refutation of earlier findings claiming a higher 1Q for the heavier twin, par-
ticularly in pairs with large BWD, there seems to have been little further research carried out
on the question of BWD and intellectual development. This is regretable considering the limited
age range of the children in the sample, the small number of sets in the large PDB groups
of which only three are male, and the obvious bias of the investigators who stated, It is our
opinion that contrary to present concepts the human brain within limits is resistant to the ef-
fects of intrauterine deprivation’. [24, p 884]

Studies by Munsinger [36] and Kamin [29] did not add any new data but pooled that of
the earlier studies, very inaccurately in Munsinger’s case. Kamin, correcting errors, found there
was an IQ advantage to the heavier twin of around 5 IQ points which was independent of
difference or similarity in BW. However, he falsely equates both Babson’s [3] 25% weight
difference category and Fujikura and Froelich’s [24] 15% PDB group with his 300 g group,
and his pooled data still suffers from the invalidities of different samples and IQ tests. He
also denies that the effect found can be attributed to the TTS. Kamin [29] provides the only
cotwin concordance rates in the BWD studies. The IQ “‘difference correlation’’ is 0.71 falling
to 0.64 when cotwins of different BW are excluded. While these correlations are also from
the pooled studies, numbers are still so low that correlations do not differ significantly.

James [28] demonstrates comprehensive knowledge of the TTS. He highlights Kamin’s
[29] faulty reasoning in assuming that the TTS has a deleterious effect only on the lighter donor
and is independent of weight difference. He argues strongly that since live-born twins display-
ing the full clinical symptoms of the TTS are rare, the more superficial placental interconnec-
tions are the cause of the higher IQ in the heavier twin with BW being an index of the ade-
quacy of blood supply. However, his paper provides no new data.

The only relevant new data appears to be a recent Australian study [34] and an unpublished
study [21].

The former study [34] used 46 sets of twins aged 16-68 years for whom BW were available.
It offered potential in providing new test data in the nonverbal area by using the Raven’s Pro-
gressive Matrices on a larger sample with a wide age range and with monozygosity confirmed
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by ‘‘an exhaustive analysis of blood groups’’. However, while the raw data remains a valuable

addition to what is presently available, the purpose was to use twins to demonstrate the ex-

istence of intrauterine effects on normal intelligence, seeing BWD as a crude indication of
the relative favourableness or unfavourableness of such conditions. The methodology reflects
poor understanding of the precise nature of these conditions and in particular of the TTS.

It contains only 4 sets where one twin weighs more than 2,500 g and the other less. The rest

are either both above or both below that weight and the groups were compared on that basis

providing only a ‘‘suggestive’’ indication that the heavier twin in both the > and < 2,500

g groups scored better. No attempt was made to group the sample according to weight dif-

ferences and to compare cotwins in each. Also claimed was that absolute weight did not ap-

pear to interact significantly with the effect of BWD within pairs, but no figures were provid-
ed to substantiate these findings. Reanalysis of existing data was poor compared to Kamin

[29] and included own data. It indicated a significant difference in favour of the heavier group

in all studies, but due to faulty method, such a reanalysis adds little to the weight difference

literature.

In the unpublished study [21], 23 pairs of ‘“‘mostly MZ”’ twins with a significant BWD
(<460 g) were compared with 23 controls with no BWD [21]. Amongst other issues, the ques-
tion of whether initial BW difference is maintained and whether it effects performance on
the Block Design Level (BDL) Test of the British Ability Scales (a test of spatial ability) and
PPVT, was examined. The large weight difference group’s mean performance level was
significantly lower on BDL but did not differ on PPVT. However, the findings may not be
valid since zygosity was not clear, the sample was small and the sexes mixed.

A different analytic approach to the problem was presented recently [5]. Five data sets
from earlier studies were analysed to show that variance in IQ was greater in the lower scoring
than in the higher scoring MZ cotwins. However, while emphasizing that the investigation
was motivated by the unique prenatal circumstances of MZ twins, these were not specified.

Since large weight differences are a fairly reliable indicator of the presence of the TTS
which can only occur in MC placentation and small weight differences may suggest DC placen-
tation, research studies on chorionicity and intellectual development of MZ twins are relevant
to this paper. With the exception of the most recent [41], a series of published papers [10,35,45]
will be discussed in a later paper.

In summary, there are a number of findings and observations concerning MZ twins in
these studies which are worthy of further investigation. Some of these are:

a) MZ twins with a PDB > 25% and below 2,000 g form a unique group probably affected
by the TTS. The heavier twins in this group scored significantly better on the Stanford
Binet and PPVT test [3].

b) The heavier twins scored better only on the Performance Scale of the WISC [15].

c) The smaller MZ twins scored lower in 1Q in every case but there was no difference in the
female sample [20].

d) Only in MZ pairs with BWD > 300 g was there an almost significant IQ difference in favour
of the heavier twin [30].

e) Cotwins were more highly correlated in the large BWD group than in the smaller group [29].

f) The advantage to the heavier twin where PDB > 25% remained or even increased into
adulthood but the smaller twin may attempt to compensate [4].

g) The concept of PDB and the tendency for heavier twins in the > 15% PDB to score higher
[24].

h) The IQ advantage to the heavier twin is independent of difference or similarity in BW [29].
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One of the aims of the present study was therefore to further investigate some of these

earlier findings by including in its design:

a) accurate zygosity determination;

b) wide age range;

¢) large sample size;

d) separate analysis of males and females;

e) percentage weight differences as well as absolute weight differences;
f) tests of separate cognitive abilities;

g) nonverbal and verbal tests;

h) cotwin concordance rates.

Unfortunately, placental data were not available for a sufficiently large sample to be in-
cluded in the present study. However, relevant data are currently being sought from Melbourne
hospitals, and the follow up testing of children for whom adequate data are obtained, par-
ticularly with respect to chorionicity, will form the subject of a later paper.

METHOD
Study Sample

Subjects were 100 sets of MZ twins (45 female, 55 male) selected from the children enrolled
in the La Trobe Twin Study of Behavioural and Biological Development (LTS) who had been
tested during the years 1978 to 1983 [26]. They were chosen on the basis of availability of
information on BW, test scores and accurate zygosity. Zygosity was determined from blood-
typing, photographs and the clinical judgement of the tester as well as by a zygosity question-
naire filled out by the parent. They were aged between 7 and 15 years with a mean age of 8 years.

Test Instruments

Behavioural tests were selected from the LTS battery {26] to represent both the verbal and
nonverbal skills as well as reflecting any differences between the groups in hemispherical
dominance since it has been suggested that twins may show atypical lateralization patterns.
Peabody Picture Vocabulary Test (PPVT) and Digit Span Forwards (DSF) from the Wechsler
Intelligence Scale for Children (WISC-R) are tests of verbal recognition and verbal sequential
memory, respectively, for which the left cerebral hemisphere is usually dominant. Block Design
Level (BDL) from the British Ability Scales and Knox Cube (KC) from the Queensland Test
are tests of perceptual organization and spatial sequential memory for which the right
hemisphere is normally dominant. Digit Span Backwards (DSB) from the WISC-R also measures
sequential memory but probably involves both hemispheres and Block Design Power (BDP)
from the BAS is largely a measure of perceptual speed (how quickly the Block Design pro-
blems are solved). Physical measures included birthweight and hand, foot and eye dominance.
The laterality measures were obtained from at least three actions performed by the child with
each of the hand, foot and eye as well as from scores on the Purdue Pegboard Test for
handedness.
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Test Procedure

Tests were administered at the children’s home either in the specially equipped LTS study
caravan or in a quiet room. Each twin was tested separately and cotwins by different testers.
All testers were either psychologists or were trained and supervised by psychologists. Those
children who were only 3-4 years at the last testing were tested again during 1986.

Analysis

Following the method of previous studies [23,24], difference in birthweight between cotwin
was converted into percentage difference (PDB). As well, absolute difference in BW (ADB)
was also used in some analysis because the level of weight difference at which the TTS operates
is still fairly arbitrary [28] although a 25% PDB or more has been taken as indicating the presence
of the TTS [40]. For comparability with Fujikura and Froelich’s study [23] the sample was
divided into four groups on the basis of size of PDB.

Since group D involved only small numbers, it was included with group C for most analyses.
Mean performance of each group was determined using PDB groups mainly because their
numbers were equable.

In earlier studies, only Kamin’s pooled data [29] have presented cotwin correlations for
large or small within-pairs weight difference groups, so results from the study were compared
to the most recent study [41] on chorionicity and intellectual development. For this preliminary
comparison, their MC group was equated with our largest WD Group (> 450 g) and their
DC group to our smallest WD group (< 100 g), although the groups are obviously not fully
interchangeable.

The sample was also grouped according to dominance: Group A including sets of twins
who were both right dominant (RR); Group B those who were both left dominant (LL), and
Group C where cotwins were mixed (LR) in two out of three of the measures of which one
was handedness. The tests scores of this last mixed or ‘‘mirror-image’’ group was compared
with the RR group for mean difference on ability measures and the left- and right-handed
twins within the mirror image group were also compared in the same way.

RESULTS

Table 1 presents, for males and females separately, the mean BW for the heavier and lighter
cotwins as well as their ADB and PDB.

Table 1. Mean birthweights for heavier and lighter cotwins, absolute difference birthweights (ADB),
and percentage difference birthweights (PDB) for males and females

MBW, MBW,
Group No. of heavier lighter ADB PDB
sets (@) (8 e ()
Males 55 2654.2 2389.6 264.6 10.0
Females 45 2733.7 2408.6 325.1 11.9
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All groups are close to what most other studies have found is the average BW for twins
- around 2,500 g [17], although in an Aberdeen sample the twins were lighter [19]. The PDB
for the whole sample is also comparable to previous findings which suggest an average of PDB
10% [28,40].

Table 2 compares absolute numbers and percentages in the 4 PDB groups (A,B,C,D) with
an earlier study [24]. Both studies suggest a broad division of around 70% of the sample fall-
ing below 15 PDB and 30% falling above it.

The present study has a higher percentage in the extreme groups, the smallest and the
largest PDB groups. In the earlier study, 54% of the sample fell into group B (PDB 6-15%)
while in the present study the numbers in groups A & B are more equably distributed, with
38% in group B. In another study of DZ and MZ cotwins [22], 56.6% fell within 250 g of
each other vs 60% of our MZ sample, although this represented 69% of the males but only
48% of the females. The same study reported that only 4% showed cotwin WD of over 750
g vs 14% in the present study. The difference could be partially explained by the fact that
their 182 sets inciuded both MZ and DZ twins, even though the DZ would be unlikely to be
represented in this large WD group [24].

Table 3 provides a complete breakdown of the sample into PDB groups with group MBW
as well as ADB and PDB presented for heavier and lighter twins by sex. For group D twins

Table 2. Sample distribution by percentage difference birthweight (PDB) group A, B, C, D, for present
and earlier study [24]

Study A B C D Total
(0-5) (6-15) (16-25) (26 +)

Fujikura N 7 27 10 6 50

Froelich [24] % 14 54 20 12 100

Present N 33 38 15 14 100

study %o 33 38 15 14 100

Table 3. Mean birthweights (MBW), absolute difference birthweights (ADB), percentage difference birth-
weights (PDB) for heavier and lighter cotwins, males and females, groups A, B, C, D

A B C D

MBW ADB PDB MBW ADB PDB MBW ADB PDB MBW ADB PDB
@ @ B @& @@ W & & @ @& @ ™"

Males N =20 N =21 N=7 N=7
Heavier 2753 2517 2896 2543

64 2.3 210 8.3 548 18.9 718  28.3
Lighter 2689 2307 2348 1825
Females N =13 N =17 N=28 N=7
Heavier 2661 2866 2743 2583

67 2.5 288  10.1 503 18.6 728  29.0
Lighter 2594 2578 2240 1845
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of both sexes, the lighter twins were more than 700 g lighter than the lighter twins in group
A, a finding also highlighted by Fujikura and Froelich [24]. However, unlike this earlier study,
the heavier twins in this large WD group were not larger than their counterparts in group A.
The group MBW differences are fairly comparable between the sexes.

For the total sample, the twins are above average on all tests except Digit Span Backwards,
a finding noted in other studies and attributed to poorer concentration in twins [27]. For this
whole sample, as well as for the female group, there are no significant differences between
the mean performance of the heavier and lighter cotwins. However, the scores are in the direction
of the heavier twin having a similar or higher score on all tests except for Digit Span Forwards.

For the male sample, there are also no significant differences with the exception of BDL,
where the heavier twins have the higher score by 2.4 points (P < 0.02). For the rest of the
tests, where there are differences they are in the direction of the lighter twin having the higher
score.

Results for mean scores of heavier and lighter twins by PDB groups are presented in Table
4 for males and females. For this analysis, groups A + B, C + D are combined. For group
A + B males, only in DSF is there a significant difference and the scores again tend towards
the lighter twin scoring better at everything. For the females in this group, the only significant
difference is in PPVT where the heavier twin scores better.

When groups A + B twins are examined separately, there is no change in the pattern

Table 4. Comparison of mean differences between cotwins scores for small weight difference group
(A + B), with scores for large weight difference group (C + D)

Test Males Females
df Mean difference df Mean difference
Group A + B
Digit Span
Forward 37 -0.7%* 25 0.0
Backward 37 0.0 25 0.2
Knox Cube 38 0.4 28 0.9
Block Design
Level 35 1.4 25 1.2
Power 34 3.8 25 1.6
PPVT 40 -0.1 27 5.8*
Group C + D
Digit Span
Forward 10 0.9 13 0.1
Backwards 10 0.1 13 -0.6*
Knox Cube 13 0.0 14 0.9*
Block Design
Level 10 5.8%%* 11 1.1
Power 10 0.1 11 1.1
PPVT 13 -2.9 14 -1.0

Minus (-) indicates lighter twin scores better. * P <0.05; ** P <0.01; *** P < 0.001.
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of scores between the groups except for BDL where the difference between cotwins is not signifi-
cant for group A males.

The most significant result is for group C + D males. In this large PDB group, the heavier
twins are significantly better at BDL, the mean difference being 5.8 points (P < 0.003). While
the heavier twins also tend to score better at Digit Span, they have the lowest KC score of
all the male groups. The lighter twins in this group also tend to be better at PPVT.

For group C + D females, there are significant differences in DSB in favour of the lighter
twins, and in KC in favour of the heavier. There is also a tendency for both male and female
lighter twins in the large WD group to score better.

To summarize (Table 4) the results suggest that, except for the significant BDL difference
in favour of the heavier males in the large PDB group, cotwin scores are not significantly
different for most tests irrespective of BW difference. It is also clear that for this test (BDL),
it is the lighter males among sets with a large cotwin weight difference who are at a significant
disadvantage as it is their score which is depressed (rather than the heavier twin’s score in-
flated). In the small WD group there is a tendency, except for BDL, for the lighter twin to
score better.To see whether this significant finding in BDL held if WD between cotwins was
increased, scores of both sexes were examined for WD above 460 ADB, 560 ADB and 25%
PDB. It was found that, as weight difference increases, the scores of both male and female
heavier twins and the lighter female twins remain similar (around 62 points) but the score of
the lighter male twins decreases to 52.6 points for the > 25 PDB group.

Table 5 looks more closely at the BDL scores of this largest WD group. The individual
scores of each of the 10 sets are presented and for males only, in every case, the lighter twins
have the lower score. Such an ordering would not have occurred by chance (P < 0.05) on
a binomial test.

Concordance rates (as expressed by cotwin correlations) are shown in Table 6 for all groups.

Across all groups cotwin correlations are more often significant for females and remain
at a similar level across all tests and groups. For example, in group A, all cotwin test correla-
tions are significant (around 0.70) for females. For males in the same group they are more
variable < 0.60 to > 0.80 and DSB is not significantly correlated at all. With increasing weight
difference, there is a tendency in the male sample towards greater intrapair concordance, which
in group C is above 0.80 for all tests except DSF and BDP where the correlation is significant.
It is also only in this group that the correlation for DSB reaches 0.89 (P < 0.0001), the second
highest concordance rate for all groups. Except for group A females, this test only shows a
significant cotwin correlation in large WD males and females. The highest correlation of 0.92

Table 5. Individual scores, Block Design Level, > 25% weight difference group

Males Females
Set
Heavier Lighter Heavier Lighter

1 68 56 69 66
2 60 56 67 67
3 46 33 57 57
4 73 63 67 56
5 58 S5 60 73
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Table 6. Significant cotwin correlations, groups A, B and C + D for all tests, males and females

Test DSF DSB KC BDL BDP PPVT
Male 0.80%** NS 0.62***  0.69***  0.86*** 0.56**

A (19) (19) (18) an (20)
Female 0.77** 0.73** 0.73*%* 0.75%* 0.52* 0.74**

(12) 12 13) (12) 12) 13

Male NS NS 0.67*** 0.80** NS  0.51*

B (20) (8 @1
Female 0.70%* NS 0.81%** 0.79%** 0.72**  0.75**

(14) (16) (14) (14) a5
Male NS 0.89*** 0.80%** 0.92*** NS  0.84%*r

C+D an (14) an a4
Female 0.724*  0.79*** 0.79*** NS NS 0.66**

(14) (14) as) as

* P < 0.05; ** P < 0.01; ***P < 0.001, NS: not significant.

(P < 0.0001) is for BDL and again occurs in the large weight difference males (group C + D).
However, for group C + D females, BDL is not significantly correlated at all and the concor-
dance rate for PPVT is also lower than for the group C + D males.

Overall, on the four ability tests in which cotwin correlations reach significance, DSB,
KC, BDL and PPVT, this large PDB male group is more concordant than any other group.
Unlike the large PDB female group, the cotwin correlation is not significant for DSF.

Table 7 presents the number of sets who were RR, LL or RL. In this sample, 19% of
the children are left-handed. This is significantly more than the 6% incidence in the general
population and is in agreement with researchers who claim there is a higher incidence of left-
handedness in twins [43].

The mean birthweight of the RL ‘““mirror-image’’ twins was not significantly different
from the concordant group. However, the mean BWD is greater for the mirror image group.

Within the mirror image group, the left-handed twin was not significantly more often
the lighter (donor) twin for either males or females. In terms of PDB group for both males
and females it can be seen from Table 8 that there is an equable distribution throughout groups
A + B of around 30% ‘‘mirror image’’ within each group. In contrast, for the males, there

Table 7. Laterality in total sample, males, and females

Dominance
RR LL RL
Total sample (N) 68 2 30
Males (N) 37 1 17
Females (N) 31 1 13
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Table 8. PDB group membership - ‘‘mirror-image’’ twins

Group

»
=]
(9]
v}

Males N =20 N = 21 N =7 N=7
No. mirror-image 4 6 4 4
% mirror-image 20 29 56 57
Females N =13 N =17 N=28 N=7
No. mirror-image 4 5 4 -
% mirror-image 30 29 50 0

are proportionately more ‘‘mirror image’’ twins in group C + D and percentage within each
group increases from 20% to 57%. For females, it also increases to 50% in group C but there
are no ‘‘mirror-image’’ twins in group D.

The mean scores of the right- and left-handed twins in this group were not significantly
different on any test including Block Design Level. Even within group C the mean scores of
the right-handed and left-handed twins were identical with the lighter twin being right-handed
in three cases and left-handed in three.

Table 9 shows group concordance rates for Rose et al’s study [42] and the present one
are similar for PPVT but not for Block Design. Their lower concordance rate for DC twins
on this test does not concur with the results of our sample where males and females are com-
bined but is what has been found for male twins only.

Table 9. Cotwin correlations for large and small weight difference groups for PPVT and Block Design
- comparison with earlier study of MC and DC, MZ twins [41]

MC-MZ [41] >460 g DC-MZ {41] <100 g
PDB PDB

PPVT 0.95 0.72 0.95 0.71

N=17 N=2 N =15 N=23

P< 0.001 P < 0.001 P < 0.001 P < 0.001
Block Design 0.92 0.73 0.48 0.70

N =17 N =18 N =15 N =22

P < 0.003 P < 0.001 P < 0.09 P < 0.000

DISCUSSION

This study does suggest an effect of cotwin weight differences mainly on nonverbal abilities
in male twins and in particular those tapped by the Block Design Level Test and Digit Span
Backwards. The lighter twin, usually but not invariably the donor [29], is significantly disad-
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vantaged in the cognitive functioning tapped by the BDL test where there is a large cotwin
weight difference.

The reasons for this are not clear and can only be discovered by further research. They
could possibly relate to differences in brain functioning resulting from late splitting or from
differences in nutrition or blood supply, as a result of the twin transfusion syndrome [2,8].

With respect to the former hypothesis of differences in lateralization, this preliminary
examination is only a small beginning. In this sample, ‘“‘mirror imaging’’ is related to the presence
of the TTS, as indicated by large weight differences only for male twins with large PDB’s
and is not related in females. It can also occur in twins with very small cotwin weight dif-
ferences: 20% of the present sample who showed this mixed dominance fell below the 15%
PDB level and 8 sets (4 male, 4 female) were in the smailest PDB group. In contrast, Hay
and Howie [25] found all their MZ twins who were of mixed handedness fell into the group
with BWD above 450 g. However, their sample was small (only 16 MZ sets) and the authors
suggested further verification was needed concerning the relationship between the TTS and
handedness in MZ twins. More direct measures of hemispheric specialization such as dichotic
listening are necessary in addition to larger samples.

It would appear that the relationship between time of split, TTS, and cotwin WD is not
a simple one. The presence of the syndrome may be indicated by large cotwin weight differences
as can later splitting, defined as after 3-4 days. However, ‘“‘mirror imaging’’ may not be as
closely related to later zygote division as would seem plausible, except if ‘‘mirror image’’ twins
with small cotwin weight differences were MC twins who have not experienced the TTS. Only
placental data could clarify this.

In addition, while there is a relationship between severity of the TTS and “‘spatial’’ abili-
ty for males, the deficit is not caused by whatever factors (eg, greater stress) produce left
handedness in twins. The donor twin is not the more likely to be the left-handed one of the pair.

In terms of a biological explanation, a few studies offer some possible supporting evidence
for the finding of a lower cotwin concordance in small BW difference groups which could
warrant further investigation. Corey et al [16] observed that members of DC MZ pairs tend
to be more discordant in blood cholesterol content than members of MC pairs, commenting
that

‘It seems plausible that any such development asynchrony would tend to be minimized

in monochorionic twins by the presence of a single placenta and circulatory anastomosis,

but not in dichorionic twins because of their physical and/or circulatory separation which

allows each twin to develop at a more nearly independent rate’’. [16, p 439]

In addition, the same researchers found a sex difference in the mean cord blood cholesterol
levels of newborn MZ twins in favour of males. Still, the explanation for the sex differences
in the present study remains unknown.

It has also been suggested [18] that a study of hemoglobin levels [12] elucidates further
the mechanisms operating in the TTS. In a sample of affected pairs at the Hammersmith
Hospital in London, Bryan found in the 7 pairs of MZ twins where there was an intrapair
difference in hemoglobin concentration of 5 g/100 ml there were substantial differences in
cotwins in Immunoglobulin G (IgG) and it was the lighter donor twin who was affected.

In summary, the results of this study suggest that:

a) Males and females are differentially affected by the mechanisms causing large birthweight
differences between MZ cotwins.

b) These differences may be masked if male and female twins are not analysed separately.

¢) The lighter male cotwins with large birthweight differences are disadvantaged in the brain
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functioning tapped by the Block Design Level Test.

d) The concordance rate for the male cotwins with large birthweight differences is higher than
for those who are female or of a smaller birthweight difference.

e) Mixed dominance occurs in both early and late splitting twin pairs.

f) Where there is a large cotwin weight difference, male twins only are likely to be of mixed
dominance.

g) The donor twin is not more likely to be the left-handed twin in the pair.

h) There is no difference between right-and left-handed MZ twins in their scores on the abili-
ty tests administered in this study.

Obviously, there is a need for more extensive testing of larger samples, particularly in
the large weight difference group, as well as for the employment of a more extensive battery
of “‘spatial tests’’. Nevertheless, there would still be a serious drawback to using weight dif-
ferences to examine the long-term effects of intrauterine conditions because the origin of these
differences with respect to placental form is ambiguous. Weight differences cannot alone in-
dicate form of chorionicity. While large cotwin differences certainly suggest monochorionici-
ty as very few DZ twins show weight differences over 25% [24], they could also arise where
cotwins had two placentas of differing efficiency causing independent intrauterine growth.

Future research requires samples for whom not only BW differences but also chorionici-
ty are known. In the words of MacGillivray ‘‘MC twins are smaller and have a greater in-
trapair variation in birth weight than DC twins. It is thought that the most important factor
in the intrapair variations of MZ twins is the unequal exchange of plasma proteins’’. [33, p 151]

Ultimately, the extent and prenatal causes of the differences between MZ twins in intellec-
tual ability will depend on further investigation using twins for whom thorough placental ex-
aminations were made by a pathologist at birth. To date this critical prenatal information has
not been available for most twin children. For a period, twin placentas were routinely examined
by a pathologist at two Melbourne hospitals and children for whom we have this necessary
data are now up to 16 years old. The follow-up testing program presently in progress has been
carefully designed to overcome the earlier problems of studies described in this paper and should
clarify the relationship between specific prenatal conditions and the intellectual ability of MZ
twins. It will also provide further evidence against the validity of any assumption of developmen-
tal equivalence between MZ and the general population.

Abbreviations: ADB = absolute difference birthweight; BDL = Block Design Level; BDP
= Block Design Power; BW = birthweight; BWD = birthweight difference; DC = dichorionic;
DSF = Digit Span Forward; DSB = Digit Span Backwards; DZ = dizygotic; KC = Knox
Cube; MC = monochorionic; MZ = monozygotic; PDB = percentage difference birthweight;
PPVT = Peabody Picture Vocabulary Test; TTS = twin transfusion syndrome; WD = weight
difference; WISC = Wechsler Intelligence Test for Children.
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