Neuropsychologia, Vol. 18, pp. 347 to 355, : 0028-3932/80/0601-0347502.00/0
© Pergamon Press Ltd. 1980. Printed in Great Britain.

HANDEDNESS IN TWINS: A CRITICAL REVIEW
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Abstract—The incidence of left-handedness is the same in MZ twins, DZ twins, and singletons.
The proportions of R-R, R-L and L-L pairs in MZ twins are not in a binomial distribution.
Twins have not been shown to be subject to any special factors modifying their handedness and
are thus suitable for genetic analysis.

TwINs, it is usually claimed, are more likely to be left-handed than are singletons, and
monozygotic (MZ) twins are more likely to be left-handed than dizygotic (DZ) twins [1, 2].
It is also claimed that the distribution of concordant and discordant MZ handedness pairs
approximates to that of a binomial distribution [3]. In this paper I would like to suggest that
none of these assertions is supported by adequate evidence, the published evidence being
unsatisfactory. I shall consider the items in the reverse order to that just given.

I. THE DISTRIBUTION OF PAIR-TYPES IN MZ AND DZ TWINS

Twin data have represented the Achilles’ heel of genetic models of handedness, the lack of
any difference in concordance between MZ and DZ twins forcing CORBALLIS and BEALE [1]
to suggest, and CoLLINS [3] to claim directly, that R-R, R-L and L-L pairs, in both MZ
and DZ twins, were present in binomial proportions, and hence to infer that there could be
no genetic control over handedness. Similar conclusions have been made for the genetic
control of hand-clasping [4], and have been shown to be false, since some genetic models of
asymmetry predict very low degrees of concordance [5-7].

Corrins [3] added together the results of several large studies of twin handedness and
concluded that the twin pairs were present in binomial proportions. NAGYLAKI and LEvy [1]
demonstrated that Collins’ results were invalid, but in so doing they made a further error,
of adding together data which are not capable of addition. It is not statistically valid to
combine data from different studies unless the incidence of left-handedness is similar in
the individual studies. Table 1 shows data on twin pairs from 19 studies of MZ twins, and
18 studies of DZ twins. There are highly significant differences in the incidence of left-
handedness between studies, both for MZ twins (y2 = 73.26, 18 df, P < 0.001) and for DZ
twins (x> = 53.32, 17 4f, P < 0.001). The differing incidences of left-handedness in the separ-
ate studies imply that the criterion for left-handedness is different between studies; hence
the data within a study cannot be regarded as strictly independent, and hence data from
different studies may not be summated, although significance levels may be [8).
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Differences between studies are not only due to criterion problems or sampling problems
in small studies, since even when one considers only the large studies (N = 10; defined as
having both more than 60 MZ pairs and more than 60 DZ pairs) there are still differences in
the proportions of left-handers in the different studies (MZ twins x> = 35.0, 9 df, P < 0.001;
DZ twins x* = 30.28, 9 df, P < 0.001).

In order to test whether data are fitted by a binomial distribution it is therefore necessary
to test each data set separately, and then to combine the x* goodness of fit values. Figure 1
shows data from the 10 large MZ studies, showing the incidence of R-L and L-~L pairs.

p.L

Fi1G. 1. Shows, for the ten large studies of monozygotic twins, the percentage of pairs that were

L-L (open squares), and the percentage that were R-L (solid squares). All points are +1

standard error. The abscissa shows the overall proportion of left-handers in the sample. The
solid lines indicate the expected values under a binomial hypothesis.

In9 of the 10 cases'there are less R-L pairs than would be expected by a binomial distribution,
and in the same cases there are more L-L pairs than would be expected by a chance distribution
(exact binomial probability = 0.0107). Table 1 shows, in the columns marked Yamom, for
both MZ and DZ twins, the individual x* values for the goodness of fit of a binomial dis-
tribution. For MZ twins three of the studies are significantly different from a binomial
distribution in their own right; together the 19 MZ studies have a ¥2 value of 30.30, which with
18 df gives P < 0.05 for a binomial fit; for just the large studies y> = 24.27, with 10 df, for
which P is less than 0.001. We may therefore accept Nagylaki and Levy’s conclusion that MZ
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twin pairs do not occur in binomial proportions, even though their own evidence on this point
was insufficient. Unlike MZ twins, the proportlons of DZ pairs do not differ significantly from
the predictions of a binomial distribution, the x* value for all the studies being 15.63 (17 daf),
and for the large studies alone being 11.26 (10 df, n.s.). A genetic explanation of handedness
should not be ruled out merely because the DZ pairs do not differ significantly from binomial
distribution; any adequate genetic explanation merely has the constraint that for DZ twins
its predictions should be close to those of a binomial distribution.

It might be argued that the small difference between MZ and DZ twins is not good evidence
for a genetic component in handedness. Far stronger evidence would be the incidence of the
three types of handedness pair in MZ and DZ twins from parents of known handedness.
There are no adequate data of this form in the literature, the only approximation being that of
RIFE [6], which are shown in Table 2. There is a far higher proportion of L-L pairs amongst
those MZ twins with a family history of left-handedness than in those without a history of
left-handedness.

Table 2. Date of RIFE [7], showing the effect of a family history of Ivcft-handedness upon the handedness pairs
of MZ and DZ twins

Family Per cent
Twin type History R-R R-L L-L N (pairs)

MZ =+ 56.41 41.02 2.56 78

MZ - 81.88 16.60 1.50 265

Dz + 54.16 43.75 2.08 48

Dz - 84.66 14.72 0.61 163
*MZ 21.74,2df, P < 0.01

DZ: x* = 1728, 2 df. P < 0.01

II. THE DIFFERENCE IN INCIDENCE OF LEFT-HANDEDNESS BETWEEN
MZ AND DZ TWINS

Nineteen studies in the literature have analysed the incidence of left-handedness in twins
(including the study of WEeIrTz [9] who looked only at MZ twins). The study of SHIELDS [10],
is difficult to interpret on account of his describing some twins as “ambidexters”. I have used
therefore only the overall incidence figures in the following analysis.

Overall 15.09% of 5140 MZ twins showed left-handedness as compared with 12.80%, of
4436 DZ twins. It is not however permissible to combine data from studies in this way, since
the incidence of left-handedness is clearly different between studies (see above). It is therefore
necessary to look at each study separately, and to combine results only after analysis. Figure 2
shows the incidence of left-handedness in MZ and DZ twins in 18 studies. In only 11 of the
18 studies is the incidence greater in MZ twins than in DZ twins.

Table 1 shows, for each study, the incidence of left-handedness in MZ and DZ twins. In
the column marked “Difference” there is a *“ +*’ if the incidence is higher in MZ twins than
in DZ twins, and a “ — " if the incidence is higher in DZ twins. Of the 18 studies, 7 found the
MZ twins to have a Jower incidence of left-handedness. The column marked “y2” gives the
x? value for a homogeneity test for a difference between MZ and DZ pairs in elther direction,
the probabilities being given in the column marked ‘“Two-tailed””. Only four studies show
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Fi16.2. Shows, for 18 separate studies, the percentage of left-handers in dizygotic twins (abscissa),
and in monozygotic twins (ordinate). Solid circles are the 10 “large” studies, and open circles are
the 8 ““small’’ studies. The dotted line at 45° represents the point of equality for MZ and DZ twins.

significant differences, and one of these [11] shows the difference in the opposite direction to
that expected. Note also that all of the significant results were obtained before 1930 when we
may assume that determination of zygosity was rudimentary, and when we know that both
NEwWMAN {12, 13] and DAHLBERG [14] felt that symmetry reversal in twin pairs was actually
pathognomic of monozygosity. The data of Table 1 may be combined to give an overall
probability value for a difference between MZ and DZ twins. The column marked “One-
tailed” gives the probability of a significant difference in the direction of MZ twins having a
higher incidence of left-handedness than DZ twins (calculated by taking the two-tailed
probability, P,, and calculating P, = P,/2 if MZ greater than DZ, or Py = 1 — (P,/2) if DZ
greater than MZ). These one-tailed probabilities may be combined using the method of
KENDALL [15] (see also JoNEs and-Fiskg, [16] for further details). Overall the differences
between MZ and DZ twins are significant (y? = 70.28, 36 df, P < 0.001). However if one
divides the data according to date of publication, then for studies produced up to and in-
cluding 1930, the difference between MZ and DZ is highly significant (2 = 34.86, 12 df,
P < 0.001), whilst for the periods 1931-1945, 1946-1960, and 1961-1976, the differences are
not significant, either separately (y*> = 14.86, 10 df, n.s.; x2 = 12.26,8 df, n.s.; and x> = 8.30,
6 df, n.s. respectively) or combined (¥ = 35.42, 24 df, n.s.).

In summary the only evidence in favour of MZ twins having a higher incidence of left-
handedness than DZ twins was obtained prior to 1930, when we may assume that classification
of laterality was not entirely independent of zygosity determination, due to theoretical prior
conceptions about the nature of mirror-imaging.

It should be noticed that the demonstration of differences between pre- and post-1930
studies does not invalidate earlier conclusions about the non-binomiality of MZ twins. Thus,
in the post-1930 studies there is a significant departure from binomiality (x*> = 17.65, 7 df,
P <0.02).
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III. HANDEDNESS IN TWINS AND SINGLETONS

NAGYLAKI and LEvy [1] claim that the incidence of left-handedness in twins is higher thfm
it is in singletons. Their evidence for this consists of a comparison between pubhshed'studles
of twins and singletons. However in none of these cases is evidence guotefi of twins a}nd
singletons assessed by the same criteria, in the same study, by the same mvest_l gators. In view
of the wide differences in reported incidences of left-handedness in MZ' twins, and also in
DZ twins (see earlier) it is clearly fallacious to compare different studies in such a manner.

There are almost no studies in the literature in which twin and singleton handedness have
been assessed by the same method. A notable exception is Zazzo [17] who comrr'lcnts (p. 124)
“Pour ma part, je n’ai jamais trouvé, dans mes multiple recherches sur les J}lmeau?<, .cet
excés de gauchers dont parlent tous les auteurs”, and he supports this statement with statistical
evidence (his Table 8). WiLsoN and Jongs [18] found no difference in usage of the left hand
for writing in twins or singletons, but did find a small difference in ball throwing. . -

In summary, there is no adequate evidence for the claim of Nagylaki and Levy. Itis perk%aps
worth suggesting that any further studies on this topic should be carried out either by q_uestlon-
naire, or preferably, by personal examination, with the experimenter blind to the twin status
of each child, who should be examined individually, not in pairs.

IV. HANDEDNESS IN TWINS: SECULAR TRENDS

Despite the problems of twin data, we might expect that the handedness of twins has been
rather more accurately determined than that of singletons in large population surveys. Thus,
the probability of a true left-handed twin being recorded as a right-hander would be low,
although the probability of a right-hander being recorded as a left-hander would be con-
comitantly higher, due to a tendency towards over-inclusive definitions of left-handedness
(e.g. NEWMAN et al. [19] sometimes relied entirely on asymmetry of finger-tapping as evidence
of left-handedness). Figure 3 shows the incidence of left-handedness in the 18 studies (MZ
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F1G. 3. Shows the overall incidence of left-handedness in 18 different twin studies (MZ and DZ

twins combined), plotted against the date of publication of each study. Solid circles represent the

10**large” studies, and open circles the 8 “small” studies. Only the large studics have bars, which
represent 4- one standard error.
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Jies combined). Only the large studies have standard error bars. Note the tendency

1l studies to have higher incidences of left-handedness than large studies (Mann-

ey U test, P < 0.05). There is a hint that the incidence of left-handedness is increasing,

.though this trend is not significant. The relatively low value reported by LoeHLIN and

NichHoL [20] might be a result of their use of a postal questlonnalre rather than personal
examination, as used by most of the other studies.

DISCUSSION

Evidence submitted here suggests that the incidence of left-handedness in both MZ and DZ
twins is the same as that in singletons. This removes the objection of NAGYLAKI and LEvy [1]
“that it is impossible to assess the heritability of a trait by using twin data if the frequency of
the trait among twins differs from that among non-twins”.

Nevertheless Nagylaki and Levy provide several other reasons why twins should have an
increased incidence of left-handedness, and these must be considered, for if valid these reasons
will put us in the awkward position of positing a true incidence of left-handedness which, if
it were not for pathological factors, would be lower in twins than in singletons. Two main
suggestions were made:

. prenatal pathogenic factors are responsible for the high frequency of sinistrality in
twins . . .”” There seems little doubt that twins, both MZ and DZ, suffer an increased intra-
uterine mortality and morbidity, as well as increased perinatal death-rates [21, Passim] and,
as Nagylaki and Levy point out, this could be responsible for decreased 1Q, and other mental
subnormality. However these facts do not bear upon the main issue, since these associates
have not been shown to relate causally to left-handedness, and until they have been, they
need not concern us. The particular hypothesis of left-handedness being secondary to acute
anoxia during delivery [22-24], has received little further support [25-27].

.some cases of handedness discordance in one-egg twins derive from asymmetry
reversal”. Asymmetry reversal, or mirror-imaging, has been proposed to account for the
discordance of handedness, hair-whorling and dermatoglyphics. It is a much quoted concept
for which there is no adequate published evidence. There would be little problem in demon-
strating its existence if, say, all singletons were of phenotype R, and all MZ pairs were of
type R-R or R-L, with none of type L-L, for then mirror-imaging would be indisputable.
In the presence of a high singleton incidence of type L, and relatively high frequencies of L-L
twin pairs, to demonstrate true mirror-imaging is a statistical problem of some complexity,
necessarily requiring rejection of a null hypothesis. This has never been done satisfactorily.
NaGyLAKI and LEvY [1] quote NEWMAN’s work, in 1917, [28] on the quadruplets of the nine-
banded armadillo, as evidence of ectodermal mirror-imaging. However Newman himself
said that his data were so complex that he did not know how to analyse them and he certainly
gives no formal statistics [29]. In the absence of a statement of chance probabilities his
assertions of apparent mirror-imaging are difficult to assess.

In the case of hair-whorling, MORGAN [30] has demonstrated that the work of BERNSTEIN

[31]is dubious, and therefore Rife’s observations of a binomial distribution of hair- -whorling
in twins actually refutes the possibility of mirror-imaging, since binomiality is surely the null
hypothesis to be rejected in such a case.

There is no adequate evidence for mirror-imaging in dermatoglyphics [32, 33]; neither is
there evidence for mirror-imaging in tooth cusps, another ectodermal derivative {34, 35).
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NaGYLAKI and LEvy [1] accept that there is no evidence for mirror-imaging of the viscera,
or other non-ectodermal structures.

With regard to mirror-imaging, one may only concur with BULMER [36] who commented
that it “does not occur more frequently than would be expected by chance”.

We may conclude, in the absence of other evidence, that MZ and DZ twins are suitable for
testing genetic models of handedness, not being subject to any special influences which may
be demonstrated statistically. An important consequence of this conclusion is that any genetic
model has to explain a significant but non-binomial degree of discordance in MZ twins.
As CorsaLLIs and BEALE [2] have clearly shown, the model of NAGYLAKI and Levy [37]
cannot cope with such a possibility, and it must therefore be regarded as inadequate. The
model of ANNETT [5] can account for the discordance in monozygotic twins, but only by
suggesting that one parameter of the model is different in twins and singletons, which is
perhaps an unreasonable suggestion.
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REsumé :

L'incidence de gaucherie manuelle est identique chez les

jumeaux MZ, chez les jumeaux DZ et chez les non jumeaux. Les pro-
portions des paires droitiers-droitiers, droitiers—gauchers et

gauchers—droitiers chez les jumeaux MZ n'ont pas une distribution

binomiale. Les jumeaux n'ont pas &té€ soumis ‘3 quelques facteurs

particuliers ayant pu modifier leur préférence manuelle; ils sont
donc utilisables pour une analyse génétique.

Zusammenfassung

Die Hiufigkeit der Linksh#ndigkeit ist bei monozygotischen Zwillingen,

dizygotischen Zwillingen und bei Einzelkindern gleich. Das Verhiltnis

von R-R, R-L und 1L.-L, Paaren bei monozygotischen Zwillingen hat keine

binomiale Verteilung. Zwillinge unterliegen keinen besonderen Faktoren,

die ihre Hindigkeit modifizieren und sind deshalb fiir genetische Analyse

geeignet.



