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ABSTRACT 
 

Approximately 90% of humans are right-handed, with the rest made up of left-

handed and ambidextrous individuals, although the existence of truly ambidextrous 

individuals is subject to ongoing debater (McManus, 1985). Left-handedness is a normal 

variant, but may result from early-life brain damage (Miller et al., 2005). There has been 

a long-standing debate on the complex correlation between the development of human 

hand preference and brain lateralization (Klar, 1999), and occasionally, the correlation 

between both hand and brain lateralizations and diseases. Handedness, used as a proxy 

for cerebral lateralization (Erlenmeyer-Kimling et al., 2005), is a topic of considerable 

importance because of its potential to reveal the mechanisms of the underlying 

pathophysiology of problems related to brain development. 

The determinants of human handedness remain unknown, although numerous studies 

have been performed to elucidate them. The cause of hand preference in humans is a 

combination of behavior and genetics, but can vary from being a purely learned behavior 

to being based solely on genetics (Klar, 2003). 

Many twin studies, which represent an important method of research in human 

genetics (genetic epidemiology, behavior genetics), have been conducted since the early 

intensive study of Newman (1928) and Newman et al. (1937). Twin studies provide a 

unique opportunity to explore the origin of human handedness. Many studies have been 

performed using twin subjects; however, the results are inconsistent, partly because of the 

small sample size used or due to incorrect zygosity classification in the earlier studies. 

In this chapter, the twin studies performed to date are reviewed. In summary, within 

the long history and large number of twin studies performed on handedness, a 

surprisingly large number of controversial findings have been reported, suggesting the 

complicated nature of this phenotype. 
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OUTLINE OF TWIN STUDY METHOD 
 

Three Types of Studies on Twins 
 

There are three main independent fields of research regarding twins or multiples (Ooki, 

2009). Twins are generally recognized as being a valuable resource not only for research on 

twin births themselves (the study ‘of’ twins in the field of obstetrics or biology), but also for 

research clarifying the relative contributions of genetic and environmental factors on human 

phenotypes (the study ‘by’ twins in the field of human genetics). In addition, the special 

problems and needs of twins and higher-order multiple birth children themselves and of their 

families, and the need for special research (the study ‘for’ twins and their families in the field 

of public health) have more recently begun to be recognized. 

These three types of studies on twins and multiples are strongly related to one another. It 

appears to be very difficult to achieve a high participation rate or precise data collection from 

families with young children, particularly if researchers perform only a genetic twin study and 

offer no feedback for the participants. Offering information useful for the parenting of 

multiples would be a strong incentive for parents to participate in academic research. 

 

 

Twin Registry 
 

One of the fundamental requirements for twin studies are access to twins; the use of twin 

registries, rather than spontaneous recruitment on a ‘per study’ basis, is one way to gain such 

access (Busjahn & Hur, 2006). Many countries are constructing or have constructed large 

population-based twin registries. Not only many Western countries, for example the United 

States, United Kingdom, Sweden, Norway, Finland, Denmark, Netherland, Belgium, and 

Australia, but also Asian countries, for example, Japan, South Korea, and China, have 

constructed or are constructing twin registries, which reflects the worldwide acceptance of the 

twin registry as a valuable resource for scientific research. The value of a twin registry is not 

determined by the sample size, but most twin registries include from at least 1,000 to several 

thousands of twin pairs. The majority of twin registries throughout the world have been 

constructed primarily for genetic studies. Some registries are designed to be twin family 

registries and include the parents or siblings of twins or higher order multiples, mainly 

triplets. Others contain detailed information on obstetric findings from twin pregnancies. 

Recently, many large-scale twin studies, including those on handedness, have been conducted 

using these twin registries and/or making use of international collaboration. 

 

 

The Biology of Twinning and Twin Studies 
 

There are two types of twins, and these types have completely different origins. 

Monozygotic (MZ) twins derive from the division of a single zygote, whereas dizygotic (DZ) 

twins derive from the independent release and subsequent fertilization of two ova (Machin, 

1994). Zygosity classification is the process of determining whether same-sex twin pairs are 

MZ or DZ. Zygosity determination is the most important first step of a twin study. As 
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opposite-sex twin pairs are necessarily DZ pairs, zygosity determination is performed only for 

same-sex pairs. 

The two main methods of zygosity classification are the use of a standardized 

questionnaire and blood typing/DNA analysis. The determination of zygosity in twins based 

on questionnaires can be done with considerable accuracy; the accuracy of the questionnaires 

employed has been found to be around 95% (Ooki & Asaka, 2004; Rietveld et al., 2000). 

Although the accuracy of the questionnaire method was lower than that of the use of 

DNA/genetic markers, the cost performance of the questionnaire method is high and it is less 

invasive. Therefore, many twin registries adopt this method when epidemiologic studies are 

performed. Caution should be exercised regarding self- or maternal reporting of zygosity, 

because even now many MZ twins may be misclassified as DZ at birth by obstetricians based 

solely on the number of placentas (Ooki et al., 2004). The first zygosity questionnaire was 

established in 1961 by Cederlöf (Rietveld et al., 2000). Anthropometric similarity diagnosis 

was the main method before that, but it did not necessarily produce correct results. Therefore, 

caution should be exercised when reviewing the results of old genetic twin studies, including 

studies on handedness. Handedness itself may be included as one of the anthropometric traits 

in similarity diagnosis. It is well known that handedness is often discordant in MZ twin pairs, 

so handedness is not a proper physical trait for use in zygosity diagnosis (Segal, 1984). 

Fetal membrane information is obstetrically useful to determine chorionicity rather than 

zygosity. It is commonly assumed that separation takes place in the early days of multicellular 

embryo development rather than at the initial zygote stage. If this split occurs within the first 

72 hours (3 days), the result is dichorionic monozygotic (DC-MZ) twin pregnancy. If the split 

takes place from 3-12 days after fertilization, a monochorionic (MC-MZ) twin pregnancy is 

produced. Later than this, conjoined twins, although much rarer, are found. In MZ pairs, 

about 70-75% are monochorionic. All DZ twins are generally dichorionic. 

There are two essentially important and often confused dimensions to estimating the 

growth and development of twins: comparing individual twins vs. singletons, and comparing 

the similarity of the twins within a pair by zygosity, chorionicity, placentation, and/or sex 

combination (Ooki, 2009). 

 

 

Rationale of the Twin Study Method 
 

Before genetic analyses are conducted, comparison of the frequency of targeted traits 

between twins and singletons is performed. If a difference exists between twins and 

singletons with respect to a specific trait, caution should be used when attempting to 

generalize the results obtained using the twin study method. Sex difference as individual twin 

or twin pair should also be examined. As for opposite-sex pairs, the possibility of the effect of 

the sex of co-twin cannot be denied unconditionally. Many old twin studies excluded 

opposite-sex DZ pairs for several reasons. Classic twin studies cannot treat same-sex pairs 

and opposite-sex pairs simultaneously by considering sex influence on the genetic expression. 

Twin studies help disentangle the relative importance of environmental and genetic 

influences on individual traits and behaviors. MZ twin pairs share 100% of their genetic 

makeup (DNA sequence), which means that most variation in pairs' traits is due to their 

unique environment. DZ twin pairs share only about 50% of their polymorphisms. DZ twin 

pairs are helpful to study because they tend to share many aspects of their environment (e.g., 

http://en.wikipedia.org/wiki/Twin
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uterine environment, parenting style, education, socioeconomic status) by virtue of being born 

in the same time and place. The twin design basically compares the similarity of MZ and DZ 

twin pairs. 

Twin similarity for ordinal/categorical (qualitative) data can be estimated using a classic 

concordance rate (McGue, 1992). In genetic analysis of qualitative traits, the phenotype is 

summarized in the form of 2 x 2 contingency tables, for example, right-handedness or non-

right-handedness (Ooki, 2005). Probandwise concordance rates were calculated as 2×X / 

(2×X+Y) and pairwise concordance rates were calculated as X / (X+Y), assuming complete 

ascertainment, where X denotes the number of affected concordant pairs (for example, both 

non-right-handed) and Y denotes the number of discordant pairs (for example, one is non-

right-handed and the other is right-handed). The largest drawback of this classic method is 

that it does not use information on the concordant pairs of a normal phenotype (both right-

handed), which includes most subjects. Now, the polygenic multifactorial model, assuming a 

latent variable called liability to the trait, is used. The correlation of liability is obtained as 

polychoric correlation (Neale & Cardon, 1992). The correlation of latent liability was 

calculated directly from the n x n table cross-classifying the traits (i.e., sidedness status) of the 

first and second twin in each twin pair, including pairs with both twins right-handed. 

Concerning quantitative traits, such as laterality index, the intra-class correlation coefficient is 

used widely as an indicator of similarity. 

The classic twin study begins by assessing the variance of a phenotype in a large group, 

and attempts to estimate how much of this variance is due to genetic effects (heritability), and 

how much appears to be due to shared or unique environmental effects - events that affect 

each twin in a different way, or events that affect one twin but not the other. Typically these 

three components are called A (additive genetics), C (common environment) and E (unique 

environment); the so-called ACE Model. It is also possible to examine non-additive genetic 

effects, often denoted D for dominance (ADE model). If the effect of D does not exist, the 

additive genetic effect A is simply twice the difference between the MZ and DZ correlation 

coefficients (rmz and rdz respectively): A = 2 (rmz – rdz), which is called Falconer’s formula. 

Now a more sophisticated method for estimating A, C/D, or E is used. Structural equation 

modeling (SEM) techniques are used to estimate the variance components and to compare 

different genetic models by carrying out standard univariate twin analysis. It is possible to fit 

models based on the different combinations of these four parameters. The best-fitting model 

was chosen using the information criteria of Akaike (AIC). A principle benefit of modeling is 

the ability to explicitly compare models. Rather than simply returning a value for each 

component, the researcher can compute confidence intervals for parameters, and also drop or 

add parameters. Thus, for instance, an AE model can be objectively compared to an ACE 

model, to test for the effect of family or shared environment on phenotype. The influence of 

sex difference can be directly estimated by including opposite-sex pairs. Modeling also 

allows multivariate modeling. This is invaluable in answering questions about the genetic 

relationship between apparently different variables: For example, the genetic relationship 

between handedness and footedness (Ooki, 2005) or brain volume can be estimated. The 

heritability estimates from twin designs represent a first step in understanding the genetic 

effect of human traits. 

 

 

http://en.wikipedia.org/wiki/ADE_model
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OVERVIEW OF TWIN STUDIES ON HANDEDNESS 
 

The main studies are summarized in Tables 1 and 2. 

 

 

Prevalence between Twins and Singletons in the Same Population 
 

Many studies (Coren, 1994; Davis & Annett, 1994; Ellis et al., 1988; Tambs et al., 1987; 

Williams et al., 1992) suggested that the prevalence of left-handedness is higher in twins 

compared to singletons for several hypothesized reasons, i.e. intrauterine crowding, mirror-

imaging, and pre- and/or perinatal damage (pathogenic left-handedness). James (1995) 

hypothesized that twin fetuses are exposed to high maternal testosterone levels consequent to 

the mothers’ suspicion, anxiety and, later, shock in the second trimester as she learns that she 

is carrying twins. 

According to Springer and Searleman (1980), in a compilation of 15 studies of 

handedness distribution, the mean proportions of left-handedness are as follows: singletons, 

8.5%; DZ twins, 14.0%; and MZ twins, 14.5%. However, twins and singletons are seldom 

assessed using the same handedness criteria, are seldom recruited in the same manner, and are 

seldom matched for age and sex (McManus, 1980). 

Two types of studies comparing the prevalence of handedness in twins and singletons 

have been performed. One type is the population-based survey for left-handedness, including 

multiples or twins. Detailed information on multiples, for example zygosity, is rare, since 

multiple births themselves are not the main target of analysis in most studies of this type, and 

zygosity diagnosis is not routinely performed for multiple births. Moreover, although the 

representativeness of the multiples become less biased as research subjects, the numbers of 

multiples themselves are relatively small to obtain a definitive conclusion, because the 

proportion of multiples (as individuals) is 2-3% at best in the general population. Few studies 

distinguish the difference between twins and higher-order multiples. Most studies do not 

report on how to deal with higher-order multiples. 

Another alternative design involves using siblings or other family member of multiples as 

singletons. If unknown familial factors affect the formation of handedness, the results may be 

biased. Although this method is imperfect for assessing higher prevalence of left-handedness 

in twins compared to singletons, it has another important role. Comparing the prevalence of 

left-handedness in twins with that of their non-twin siblings allows one to examine first 

whether the experience of being a twin, including the sharing of limited space and resources, 

and the differences in the birth process are associated with an increased risk of left-

handedness (Medland et al., 2003). Similarly, comparing the DZ co-twin correlation with 

twin-sib correlation allows an examination of the role of pre- and perinatal interaction 

between the twins that might influence handedness. This method at least in part controls for 

variance in maternal body size and the effects of genetic transmission. Several twin studies 

using SEM analyze this theme (Medland et al., 2003). 

 

1. Population-Based Studies 

In a study that did not represent a perfect comparison using the same population, Rife 

(1940) found, using 369 twin pairs (223 MZ and 146 DZ pairs with no sex information), that 
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the prevalence of left-handedness among both MZ (12%) and DZ (15%) twins was 

significantly higher than that found in another study among singletons (7.4%). To explain this 

result the author hypothesized that handedness in twins might be influenced by intra-uterine 

circumstances, such as position and crowding, which are not specific to either zygosity. 

Shimizu and Endo (1983), using a Japanese sample consisting of 110 twin pairs and 4,282 

singletons, all of whom were high school students in the same prefecture, found that the 

prevalence of left-handedness in twins is the same as that in singletons, and that the 

prevalence in MZ twins is similar to that in DZ twins, although zygosity was maternally 

reported. Tambs et al. (1987), using data in the population-based Norwegian Twin Panel aged 

30-60 years, found no significant prevalence of left-handedness in twins compared to their 

spouses (6.1% vs. 4.2%). This result may be correctly interpreted assuming that there exists 

no assortative mating as to handedness. Ellis et al. (1988), using the population of a small 

town in Lancashire, UK, consisting of 6,097 subjects aged 15-70 years, found no significant 

difference in the frequency of left-handedness between twins and singletons, although the 

frequency in twins was slightly higher (10.1% vs. 7.8%). Morley and Caffrey (1994), using 

blood donors, found no increase of left-handedness in twins. However, they stated that in 766 

children born weighing under 1,850g, there was a strong trend toward more left-handed 

writing in twins (21%) than others (16%) at 7.5 to 8 years of age (unpublished data). They 

also hypothesize that the generally inconsistent findings relating to twins may be explained by 

population differences in the proportion of twins born preterm. 

In a study by Davis and Annett (1994) of a large adult population (n=33,401), twins were 

more likely to be left-handed (11.7% in total) than singletons (7.1% in total) irrespective of 

age group, although the information on the number of the left-handed twins and singletons 

was not reported. According to an international study by Perelle and Ehrman (1994) in 17 

countries, left-handedness was observed in 9.3% of singletons (n=72), 11.9% of DZ twins 

(n=176), and 11.1% of MZ twins (no number was reported); these results showed non-

significant differences. As the information in this study was quite incorrect, it was excluded 

from the meta-analysis by Sciotte et al. (1999). According to Orlebeke et al. (1996), of all 

3,326 twin subjects, 14.2% were left-handed, which was not significantly different from a 

comparable age group (15-19 years) in the general Dutch population (12.6%). However, this 

study did not represent a direct comparison between twins and singletons. 

According to the results of the meta-analysis by Sicotte et al. (1999) involving 12 studies 

considered individually (see Table 1), which directly compared the frequency of left-

handedness in twins and singletons, four of the 12 studies (Ellis, 1988; Morley & Caffrey, 

1994; Tambs et al., 1987; von Verschuer, 1927) showed no significant difference. The 

remaining eight studies all individually supported the hypothesis that left-handedness is more 

common among twins. When the studies are combined, twins are found to be more frequently 

left-handed than singletons (p<0.0001). 

Su et al. (2005) suggested that the distribution of handedness in twins (n=714 including 

36 sib pairs) was not different from that in singletons (n=1,020) among Taipei adolescent 

students. Recently Vuoksimaa et al. (2009), using the Finnish Twin Cohort, which consisted 

of 25,810 twins, 283 triplets, and 4,068 singletons, showed that left-handedness was found to 

be more common in twins (8.1%) and triplets (7.1%) than in singletons (5.8%), whereas 

ambidextrousness was more common in triplets (6.4%) than in twins (3.4%) and singletons 

(3.5%). This is the first study to calculate the prevalence of left-handedness separately in 
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higher-order multiples (triplets/+) and twins. Although explaining the results is very difficult, 

this study shed light on the characteristics of handedness in higher-order multiples. 

 

Table 1. The list of main twin studies on human handedness 
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2. Comparison to the Siblings 

Boklage (1981), using 773 three-generation families of twins, found a 1.16-fold excess of 

non-right-handedness in twins (0.210=147/700) compared to their siblings (0.181=147/813) 

with no statistical significance. Medland et al. (2003), using four independent studies of an 

Australian twin registry, found that twins were no more likely to be left-handed than their 

singleton siblings (n=1,757). 

 

3. Interpretation of the Results 

Left-handedness has been shown to be increased among individuals with birth stress or 

trauma (Bakan, 1971; Williams et al., 1992), although other studies have failed to find this 

association (Searleman et al., 1989). Twins are more likely than singletons to be born 

prematurely and/or to experience perinatal injuries, and it has been suggested that the increase 

in left-handedness in neurologically intact twins reflects one end of the spectrum of the 

pathological left-handedness syndrome as formulated by Satz (1972). They suggested that 

twin populations may include two types of left-handers: natural and pathological. 

If subtle brain injuries related to twin births are the major source of increased left-

handedness in twins, improved obstetric care should cause the relative frequency of 

pathological left-handed twins to decrease and the overall prevalence of left-handedness to 

approach that of singletons (Sicotte et al., 1999). However, no study has directly shown a 

relationship between the improvement of perinatal outcomes for multiples and a decrease in 

left-handedness in multiples. 

To conclude, almost all studies that have examined the prevalence of twins in the general 

population have shown a higher frequency of left-handedness in twins compared to 

singletons, apart from statistical significance. None of the individual studies has shown left-

handedness to be less common in twins. The reason for these findings is yet unknown. 

 

 

Nonspecific Factors for Twins 
 

1. Sex Difference 

It is well established as to singletons that the prevalence of left-handedness in males is 

slightly higher than that in females. The recent large meta-analysis by Papadatou-Pestou et al. 

(2008), which involved 144 studies totaling n=1,787,629 participants, found that the sex 

difference is both significant and robust. The overall best estimate for the male-to-female 

odds ratio (OR) was 1.23 (95% confidence interval = 1.19, 1.27). The size of the sex 

difference was significantly moderated by the way in which handedness was assessed (by 

writing hand or by other means), the location of testing, and the year of publication of the 

study. The sex difference may have its basis in innate biological differences between males 

and females, but it is also significantly modulated by culturally transmitted social influences. 

However, this study did not include twins (multiple births). Regarding this point, Vuoksimaa 

and Kaprio (2010) pointed out that the sex difference in the prevalence of left-handedness 

appears to exist in twins as well. Many other reports also support the existence of a sex 

difference with respect to left-handedness among twins. 

Vuoksimaa et al. (2009) reported a higher prevalence of left-handedness in males (8.9%) 

than females (7.3%) using 25,799 Norwegian twin subjects. Other Scandinavian twin studies 
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have indicated that a sex difference in left-handedness also exists in Denmark (9.2% in males 

vs. 6.5% in females, n=2,509; Basso et al., 2000) and in Norway (7.2% in males vs. 5.2% in 

females, n=976; Tambs et al., 1987). Moreover, a recent study of more than 54,000 twins 

reported a similar sex difference in Australian (14.6% in males vs. 12.5% in females) and 

Dutch (17.6% in males vs. 15.2% in females) samples (Medland et al., 2009). Ooki (2006) 

reported that the prevalence of left-handedness was 13.9% in males and 12.6% in females 

among 1,131 twin pairs made up of 11 to 12-year-olds (not significant). 

The sex difference, if it exists, is relatively small, as estimated by Papadatou-Pestou et al. 

(2008). Therefore, a large sample size is required to obtain statistically significant results. 

Whether a sex difference exists or not in twins, caution is needed when including opposite-

sex DZ pairs unconditionally in genetic analysis, as was done in several earlier studies. 

 

2. Birth Year or Age Effect 

It is well known that the prevalence of left-handedness decreases with increasing age in 

cross-sectional samples, a finding that may be explained in at least two different ways (Basso 

et al., 2000; Basso, 2007). This result may be due to the diminishing social pressure against 

left-handedness during the 20th century, which may produce a cohort effect, and it may be 

due to an age effect. Alternatively, it may be due to mortality selection; left-handed 

individuals may have a shorter life span compared with right-handed individuals, not only 

because they are more accident prone in a world constructed for right-handed individuals but 

because of correlates of left-handedness, such as covert neuropathologic features or immune 

system dysfunction, which are associated with reduced life expectancy. Since a nation-wide 

twin sample, for example a nation-wide twin registry, is needed to assess the birth year, 

cohort, and age effects on handedness in twins, this kind of study is rare. 

While not a direct comparison of twins’ data, Tambs et al. (1987) found a dramatic 

increase of left-handedness, from 1.2 % in the oldest generation (parents of twins) to 8.7 % in 

the youngest generation (offspring of twins). Neale (1988) analyzed 1,687 pairs of twins aged 

from 8 to 80 years and found a slight increase in the proportion of right-handers with age; 

they suggested that this increase is more likely to be associated with a secular trend than with 

left-handers becoming right-handed as they age, although longitudinal data are required to 

resolve this issue. But, as the author mentioned, 75% of the subjects are aged between 20 and 

40 years, and therefore the sample is not ideal for the detection of secular trends. 

Basso et al. (2000), using the Danish Twin Registry, analyzed mortality in a subgroup of 

118 opposite-handed twin pairs by counting the number of instances in which the right-

handed twin died first. There was no evidence of differential survival between right-handed 

and non-right-handed individuals in the entire 1900-1910 cohort. With respect to the number 

of right-handed twins who died first, there was no material disadvantage among those who 

were not right-handed. In 60% of DZ pairs, the right-handed twins died first. In 50% of MZ 

pairs, the right-handed twins died first. They did not find evidence of excess mortality among 

non-right-handed adult twins. The advantage of this research is that it is free of many 

confounding variables, as fetal life and early social conditions must be similar in this group. 

As mortality among twins and in the general population were similar after age 6 (Christensen 

et al., 1995), this finding may apply to singletons if handedness has the same determinants. 

As for young children, Ooki (2006), by analyzing 951 twin pairs (aged 1-15 years), found 

a clear age effect on handedness (OR =1.56), namely that left-handedness was more often 

observed in the 1-7-year-old age group. 
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3. Cultural Transmission or Family History 

Familial left-handedness, including families with twin children, was well established in 

research performed decades ago (Bishop, 1990; Boklage, 1981; Coren, 1995; Tambs et al., 

1987). A clear association of parental handedness with the handedness of their children was 

observed by evaluating 25 studies on families (McManus & Bryden, 1992). These results 

from research on families are generally not controversial. 

As for young children, Ooki (2006), by analyzing 951 twin pairs (aged 1-15), found the 

largest effect of family history on handedness (adjusted OR=1.82), namely that left-

handedness in children was observed more often as the number of left-handed parents 

increased from 0 to 1 to 2. However, family studies do not provide a conclusive explanation 

of the causes of left-handedness, as genetic and shared environmental factors affecting 

handedness are not separated when familial handedness is considered. According to Bishop 

(2001), who used the SEM (i.e., a model of mixed genetic and cultural transmission, Neale 

and Cardon, 1992) and studied 150 families with twin pairs, the parent-offspring similarity in 

handedness was attributed to cultural transmission rather than to genetic effects. 

 

4. Ethnic Differences 

Most twin studies with large sample sizes were performed in Western countries. If ethnic 

or cultural differences in handedness exist, it is likely that the frequencies of handedness in 

total and/or according to sex, generation and genetic influence (heritability) surely differ 

across cultures or ethnic groups. Regarding this point, several reports exist. 

Carter-Saltzman et al. (1976), using 399 twin pairs consisting of 175 Black twin pairs and 

224 White twin pairs, found a higher prevalence of left-handedness in Blacks (21%) than 

Whites (16%). Black males showed an especially high frequency of left-handedness: 49% of 

Black males belong to a pair in which one or both members are left-handed, while only 29% 

of Black females belong to such pairs (37% in total). The reason for this extremely high 

prevalence of left-handedness was quite unclear. On the other hand, a meta-analysis using 35 

samples by Medland et al. (2003) found no significant heterogeneity between studies. This 

result suggests that any cohort and/or cultural differences in genetic contribution to liability to 

the left-handedness between studies were minimal, although only two studies from Asian 

populations (both Japanese) are included. 

 

 

Specific Factors for Twins 
 

The effects of zygosity, chorionicity/placentation, birth order within twin pairs, and sex 

combination on sidedness are biological features unique in twins. Many studies of such 

themes have been performed, and many controversial results have been obtained. Of these 

results, those obtained using large sample sizes are as follows. 

 

1. Birth Order within Twins: First Born vs. Second Born 

In a random sample of 104 pairs of handedness-discordant twins of six years of age or 

older, a significant relationship has been found between birth order and handedness in MZ 

twins, there being an excess of left-handed individuals among first-born twins (p<0.01). No 

such relation has been found in DZ twins (Christian et al., 1979). The effect of birth order 
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within twin pairs has been intensively discussed (James & Orlebeke, 2002; Orlebeke et al., 

1996). According to James and Orlebeke (2002), the hazards associated with being the first-

born in a twin pair (e.g., trauma) are more closely associated with left-handedness than those 

associated with being the second-born (e.g., hypoxia). Because the birth weights of first-born 

twins are generally higher than those of second-born twins, the association between low birth 

weight and left-handedness in twins is weaker than that observed in singletons. On the other 

hand, Boklage (1981) observed a 1.8-fold higher prevalence of left-handedness in the second-

born members of same-sex discordant pairs, suggesting the secondary effect of hypoxia or 

acidosis. 

Other studies found no birth-order effect on handedness. Derom et al. (1996) observed a 

slightly higher prevalence of left-handedness in first-born twins (18%) than in second-born 

twins (16%), although the difference was not statistically significant. On the other hand, 

Elkadi et al. (1999) and Medland et al. (2003) found no birth-order effects. Ooki (2006) found 

no birth-order difference in left-handedness (14.1% in second-born and 13.6% in first-born, 

OR=1.04) by unadjusted univariate logistic regression analysis. This result was the same as 

that obtained using multiple logistic analyses. Vuoksimaa et al. (2010) also found no 

significant differences between first- (9.0%) and second-born (9.2%) twins in terms of left-

handedness among 4,736 pairs. 

The results were thus inconsistent. Inaccurate recording of birth order during twin 

deliveries may be responsible, in part, for the absence of a consistent birth-order/handedness 

relationship (Segal, 1989). 

 

2. Zygosity 

If perinatal complication is related to left-handedness, the prevalence of left-handedness 

in MZ should be higher than that in DZ, because MZ, especially MC-MZ, have biologically 

more birth complications. Moreover, if so-called mirror-imaging exists, it would also raise the 

prevalence of left-handedness in MZ. However, this is not necessarily correct, since mirror-

imaging in the hypothesized phenomenon related not to zygosity (DZ vs. MZ), but 

chorionicity (DZ vs. DC-MZ vs. MC-MZ). On this topic, several studies have been 

performed. 

According to the review by McManus (1980) of 18 studies performed between 1924 and 

1976, a total of 15.1% of 5,140 MZ and 12.8% of 4,436 DZ twins were left-handed. But 

caution is required in interpreting these results, as all of the significant results were obtained 

before 1930, when zygosity determination was rudimentary. In summary, the only evidence 

in favor of MZ twins having a higher prevalence of left-handedness than DZ twins was 

obtained prior to 1930, when classification of laterality was not entirely independent of 

zygosity determination, due to theoretical prior conceptions about the nature of mirror-

imaging. 

According to the meta-analysis of Sicotte et al. (1999), there exists no zygosity difference 

between MZ and DZ individuals, with a few individual outliers such as the earlier studies by 

Siemens (1924) and Hirsch (1930). They concluded that there is nothing specific about the 

MZ twinning process per se that contributes to an excess of left-handedness in twins. Basso et 

al. (2000) found that there was a similar frequency of non-right-handedness in MZ (8.0%) and 

same-sex DZ (7.8%) in twins born from 1900 to 1910 and listed in the Danish Twin Registry. 

Medland et al. (2003) did not observe a difference between MZ and DZ twins (with no 

prevalence data). Ooki (2006) found no zygosity difference in left-handedness (13.9% in MZ 
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and 13.9% in DZ, OR=0.99) by univariate logistic regression analysis. This result was the 

same as that of multiple logistic analysis. Vuoksimaa et al. (2010) found no differences in 

handedness between MZ and DZ same-sex females (n=749 and n=706, respectively) nor 

between MZ and DZ same-sex males (n=697 and n=784, respectively) with no prevalence 

data. 

On the other hand, Orlebeke et al. (1996) observed a higher prevalence of left-

handedness in MZ male pairs (15%) compared to MZ female pairs (13%), DZ male pairs 

(13%), and DZ female pairs (13%). 

 

3. Chorion Type or Placentation 

According to Newman (1928), “In identical twins the explanation of mirror-imaging is 

relatively simple, namely, that one twin has been derived from a partially differentiated left, 

and the other twin from a partially differentiated right half of a single embryo.” Ever since 

Newman (1928) it has been speculated that delayed embryo splitting of MZ is associated with 

mirror-imaging effects if the division occurs after the establishment of an axis of bilateral 

symmetry. In such a situation, opposite handedness in the same pair of twins is expected, and 

discordant pairs in terms of handedness are expected to be more frequent in MC-MZ than 

DC-MZ pairs. There is very little research that directly deals with chorion type and 

handedness, since anatomical data on the placenta are not entered in most twin registries after 

births. 

According to Carlier et al. (1996), Sokol et al. (1995) is the first study to provide 

information on chorion type and handedness. In a sample of 44 pairs of MZ twin children, 

consisting of 23 MC-MZ and 21 DC-MZ selected from hospital records, 18.2% (4/22) of 

MC-MZ pairs were discordant pairs, and 26.3% (5/19) of DC-MZs were discordant (Sokol et 

al., 1995). Carlier et al. (1996), using 20 MC-MZ and 24 DC-MZ twin pairs, also reported a 

similar tendency in that the MC-MZs and DC-MZs differed neither in the frequency of 

discordant pairs nor in handedness, laterality measurements, or manual performance, 

suggesting that there was no chorion type effect. The largest study to date is that of Derom et 

al. (1996) using the East Flanders Prospective Twin Study, consisting of 254 MC-MZ pairs 

and 121 DC-MZ pairs. They found no chorion effect on left-handedness. The frequencies of 

left-handedness among twin individuals in MC-MZ and DC-MZ were 16% and 18%, 

respectively, and the frequencies of discordant twin pairs were 23% and 22%, respectively. 

They concluded that the belief that discordant handedness in MZ twins represents mirror-

imaging is mythical. 

It is very difficult to obtain correct information on chorion type in large twin registries, 

since retrospective determination of the placental anatomy is not possible. Several twin 

studies use another proxy variable of chorion type, namely placentation (number of 

placentas). According to Medland et al. (2003), placentation can be used as a useful indicator 

of chorionicity in a questionnaire survey. Single and two-placenta births correspond to MC-

MZ and DC-MZ. Medland et al. (2003) and Ooki (2006) both found no effects of placentation 

on handedness using large populations of twin subjects. 

Reviews of the literature examining handedness in twins by McManus (1980) and Sicotte 

et al. (1999) found no support for the theory of mirror imaging. However, these were 

comparisons of prevalence between MZ and DZ twins. 

Although early studies of handedness in twins supported the theory of mirror imaging, 

the results of more recent studies do not. It is possible that the early support of this theory 
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may be confounded by the inaccuracy of zygosity determination, since some investigators 

regarded discordant handedness as a marker of zygosity (Carlier et al., 1996; Sicotte et al., 

1999). Although numerous individual cases of mirror-imaging twins with discordant 

handedness have been reported (Sommer et al., 1999, 2002), discordant handedness in MZ 

twin pairs does not represent a mirror-imaging phenomenon in general. 

One unique study is that of sets of monozygotic quadruplets by Steinman (2001), which 

utilized the observation of laterality and handedness and suggested a mechanism involving a 

mirror-imaging duplication in the first division and a subsequent symmetric separation. 

 

4. Sex of Co-Twin: Testosterone Hypothesis 

Studies of singletons suggest that right-handed individuals may have higher levels of 

testosterone than do left-handed individuals (Vuoksimaa et al., 2010). Prenatal testosterone 

levels are hypothesized to be especially related to handedness formation. In humans, female 

members from opposite-sex twin pairs may experience an elevated level of prenatal exposure 

to testosterone in their intrauterine environment shared with a male. To test this hypothesis, 

the rates of left-handedness/right-handedness were compared among female twins from same-

sex DZ and opposite-sex twin pairs. 

According to Vuoksimaa et al. (2010), there exist two opposite hypotheses regarding 

testosterone levels and handedness. The Geschwind-Behan-Galaburda (GBG) hypothesis 

(Geschwind & Behan, 1982; Geschwind & Galaburda, 1985) postulated that prenatal 

exposure to testosterone influences brain function and structures. According to this 

hypothesis, high levels of testosterone may inhibit the development of the left hemisphere and 

enhance the development of the right hemisphere. This can shift handedness and language 

functions from the left hemisphere to the right, resulting in weaker dextrality or left-

handedness. Because testosterone is thought to pass between twins in utero, it was predicted 

that females with a male twin would show a high incidence of sinistrality compared to 

females with a female twin. Similarly, it was predicted that males with a male twin would be 

more likely to be sinistral than males with a female twin. 

For example, Götestam et al. (1992), in line with this hypothesis, reported that the 

prevalence of twins was lower among male homosexuals than in the general population, and 

explained that prenatal testosterone levels do not drop as dramatically in twins as they do in 

single fetuses, thereby counteracting the low levels of testosterone that could lead to 

homosexuality. 

In contrast to the GBG hypothesis, an alternative theory suggests that left-handedness is 

caused by decreased levels of testosterone (Witelson, 1991; Witelson & Nowakowski, 1991). 

This callosal theory proposes that low prenatal testosterone levels result in less regressive 

development of the temporo-parietal regions of the brain, resulting in a larger isthmus of the 

corpus callosum and less functional asymmetry, thus increasing left-handedness. 

To date, three studies (Elkadi et al., 1999; Ooki, 2006, Vuoksimaa et al., 2010) have 

directly compared the rate of left-handedness between females from opposite-sex and same-

sex twin pairs. The former two studies tested the GBG hypothesis under the assumption that 

the prevalence of left-handedness would be increased in opposite-sex female twins if prenatal 

testosterone exposure occurs. This proposition was tested by comparing the hand preference 

of 59 opposite-sex and 61 same-sex DZ twins (Elkadi et al., 1999). Measures of the strength 

of hand preference and the incidence of sinistrality revealed no difference between opposite-

sex and same-sex twins for either sex. According to Ooki (2006), no effect of the sex of the 
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co-twin was observed in either males or females. Medland et al. (2009) found no difference in 

the prevalence of left-handedness between twins from same-sex and opposite-sex pairs (by 

sex) in a series of increasing constrained models to test for differences in prevalence. 

However, this study did not report the prevalence of left-handedness in females from 

opposite-sex and same-sex pairs or the number of subjects. 

Vuoksimaa et al. (2010) tested for differences in the rates of left-handedness or right-

handedness in female twins from same-sex and opposite-sex twin pairs. Their sample 

consisted of 4,736 subjects and included information on pregnancy- and birth-related factors. 

They found a significantly (p=0.006) lower prevalence of left-handedness in females from 

opposite-sex pairs (5.3%) compared to females from same-sex pairs (8.6%). Their results 

support the callosal hypothesis and are difficult to fully explain by postnatal factors, but they 

offer support to the theory that relates testosterone to the formation of handedness, and in a 

population-based sample, are suggestive of the effects of prenatal testosterone transfer. 

 

5. Birth Weight Difference 

Hay and Howie (1980) found that among MZ twin pairs there was a significantly higher 

proportion of non-right-handed (left-handed and ambidextrous) individuals belonging to pairs 

with more than a 450g within-pair birth weight difference, irrespective of heavier or lighter 

birth weight, namely donor of the blood or recipient of the blood, than among pairs with 

smaller within-pair birth weight differences. They suggested that possibly the twin-to-twin 

transfusion syndrome had something to do with the excess left-handedness in MZ pairs, 

which result from splitting in embryogenesis after bilateral symmetry has been established. 

Regarding this result, James (1983) hypothesized that the biological insult occasioning the 

MZ split may also cause a reversal of predetermined handedness, and that this cannot happen 

if the split occurs before the ovum itself has acquired laterality. 

 

6. Comprehensive Analysis for the Same Subjects 

Ooki (2006) performed intensive multivariate logistic analysis for non-genetic factors 

that may affect handedness, and found that birth year (OR=1.02), neonatal asphyxia 

(OR=1.62), sex (OR=1.34), the age of twins (OR=1.56), parity (OR=1.31), gestational age 

(OR=1.58), and family history (OR=1.82) affected left-handedness at a statistically 

significant level. Factors associated with handedness specific to twins, such as zygosity, 

placentation, birth order within twin pairs and the sex of the co-twin were not found, although 

being a twin might have some effect. It was concluded that factors that affect handedness in 

general seem to have stronger effects on handedness than being a twin. 

 

 

Genetic Analysis 
 

Most of the twin studies focused on clarifying the genetic influence on human 

handedness. A summary of handedness distribution in twin pairs and of the classic 

concordance rate according to zygosity is shown in Table 2, with recent studies added to 

former review articles. The percentage of left-handedness was 10.8% in MZ twins and 9.4% 

in DZ twins. The percentage of discordant pairs was slightly higher among MZ pairs (16.8%) 

than DZ pairs (15.8%). Nevertheless, the concordance rate of MZ pairs was much higher than 

that of DZ pairs, reflecting a higher percentage of left-left concordance among MZ pairs. The 
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combined data should be analyzed carefully by considering data accuracy (both handedness 

and zygosity determination) and sample size, although the present author did not carry out 

such an analysis. 

 

Table 2. Summary of handedness distribution in twin pairs and classic concordance rate 

acoding to zygosity 

 

 
 

Several arguments exist as to the propriety of using twin subjects for genetic analysis. 

Classically, Collins (1970) calculated the proportion of left- and right-handers among MZ and 

DZ twins and used these values to compute the expected frequencies of R/R, R/L, and L/L (R: 

right, L: left) twin pairs for each zygosity under the assumption that handedness is randomly 

distributed within each pair. The expected frequencies of the three pair types did not differ 

significantly from those actually obtained, leading him to conclude that these data were 

inconsistent with models of handedness that attribute its variation to genetic differences. 

Nagylaki and Levy (1973) have argued, however, that it is inappropriate to test genetic 

models of handedness against twin data, since special factors operate in twins to produce their 
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phenotypic handedness patterns. These include a high incidence of pathogenic left-

handedness in both MZ and DZ pairs and the process of mirror imaging among MZ pairs. 

According to Carter-Saltzman et al. (1976), it is probably not appropriate to use twins in 

testing genetic models of handedness, since different mechanisms may be responsible for left-

handedness in twins. Two important reasons for believing that different mechanisms are 

active include the following (McManus, 1985): 1) MZ twins have a higher prevalence of left-

handedness than do DZ twins; and 2) twins in general have a higher incidence of left-

handedness than do singletons. McManus (1980) found that neither of these reasons is 

adequately supported by the data. This is important, since on the basis of proposals 1) and 2) 

in particular, Nagylaki and Levy (1973) have argued that twins are not suitable for fitting to 

genetic models. Since there is no definitive evidence for 1) and 2), genetic models should be 

able to cope with data from twins as well as from singletons (McManus, 1985). 

The difference in the prevalence of left-handedness between twins and singletons is still 

in dispute, as was mentioned. Several meta-analyses and studies with large sample sizes 

involving genetic analysis have been performed using twins. 

 

1. Classic Analysis 

McManus and Bryden (1992) summarized 14 studies performed from 1930 to 1988, 

consisting of 2,900 MZ and 2,589 same-sex DZ pairs, and found that 21.7% (MZ) and 22.6% 

(DZ) of the pairs were discordant pairs. He compared each twin type as a proportion of the 

number expected under a binominal distribution. The DZ twins do not differ from binominal 

expectations, whereas MZ twins show more concordance than would be expected, suggesting 

a genetic contribution to handedness with a small effect. The assumption of binominal 

distribution is not necessarily acceptable now, however. According to the meta-analysis by 

Sicotte et al. (1999) (28 studies), concordant left-handed pairs are significantly higher among 

MZ pairs as compared to DZ pairs. An analysis of a subgroup of same-sex-only pairs did not 

alter this finding. The result of a comparison between total concordant pairs (right-right and 

left-left) and discordant pairs was still significant, showing a higher frequency of concordant 

MZ pairs than DZ pairs. These results are consistent with a genetic influence on handedness. 

 

2. Structural Equation Modeling (SEM) 

Compared to the classic twin study method, which compared, for example, the 

concordance rate or intra-pair correlation coefficient between MZ and DZ pairs, SEM can 

give more information about the nature of the genetic component of the traits. After Neale 

(1988), several studies using the SEM technique were performed. The results were relatively 

consistent, showing that the largest parts of the variance are attributable to unique 

environmental effects (E). Other components include additive genetic factors (A) and 

common environmental factors (C). 

Neale (1988) analyzed self-reported handedness data collected from 1,687 pairs of twins 

using a threshold model of liability and found that genetic factor (A) is estimated to account 

for approximately 20% of the handedness result, with C accounting for 7%, and the remaining 

percentage accounted for by E. Ross et al. (1999) using 973 DZ and 1,158 MZ male pairs, 

estimated that 12% of the covariance of liability in consistency of handedness was attributed 

to C and the remaining 88% to E. No SEM adequately fit the data for the direction of 

handedness, although the best-fitting model estimated that roughly 20% was attributed to C 

and the rest to E. Medland et al. (2003), using four Australian studies consisting of 3,657 MZ 
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and 3,762 DZ pairs, found that 12% of the covariance of liability was attributed to C and the 

remaining 88% to E for the writing hand, and 27% of the covariance of liability was 

attributed to A and the remaining 73% to E for the throwing hand. Ooki (2005), using the 

largest Japanese twin database (n=1,131 pairs), found that 11% of the covariance of liability 

was attributed to A and the remaining 89% to E for males, and 31% of the covariance of 

liability was attributed to C and the remaining 69% to E for females. Although sample size 

was not very large (321 twin pairs and 36 same-sex sib-pairs) Su et al. (2005), using 

adolescent subjects from Taipei (321 pairs of twins, 36 same-sex sib- pairs), also found that 

both AE and CE models had equivalently acceptable levels of fit. The contribution from A 

was estimated to be 16% (direction of handedness) to 13% (consistency of handedness) for 

continuous handedness measurements and 10-34% for the categorical measurement, whereas 

the corresponding contributions from C in the CE model were 14% and 11-32%, respectively. 

According to the meta-analysis by Medland et al. (2006) using 35 samples between 1924 and 

2003 with a combined sample size of 21,127 twin pairs, a small but significant A accounted 

for 25% of the variance and the remaining 75% was accounted for by E. No C effect was 

detected. 

Vuoksimaa et al. (2009), using 30,161 subjects consisting of 25,810 twins, 283 triplets 

and 4,068 singletons, found that E accounted for most observed variance in handedness, both 

in childhood (92-100%) and adulthood (74-86%). When forced right-handedness was taken 

into account, the estimated familial effects increased. This is important when dealing with 

older cohorts. However, it is very difficult to perform model-fitting for different age groups 

separately due to the small number of left-handed concordant pairs. According to the study of 

Medland et al. (2009), using 25,732 Australian and Dutch twin families containing 54,270 

individuals, 24.64% of the variance was attributed to A and the remainder to E. 

The lack of statistic power was seldom mentioned in early twin studies (Medland et al., 

2006). Most recent twin studies with more than 1,000 pairs and in some instances with their 

family members to make the model-fitting more sophisticated showed that most of the 

variance in handedness is attributed mainly to non-shared, unique, individual specific 

environmental factors (E). By combining the information on other family members, i.e. 

siblings, parents, and spouses, three types of shared environmental effects, namely familial 

environment effects, shared twin effects, and shared non-twin effects, were analyzed other 

than A and E effects. The genetic effect on handedness is, even if it exists, small to moderate. 

As most of the studies with large sample sizes were based on dichotomous criteria (left or 

right), the information obtained in those studies was reduced compared to those that used a 

continuous variable, for example, the laterality index. The heritability estimate may differ 

according to the method of measuring handedness. 

Moreover, caution is required in that twin studies using SEM are based on the polygenic 

inheritance of handedness, irrespective of whether continuous or dichotomous variables are 

used. A number of competing classic genetic models of handedness (Annett, 1985, 2002; 

Crow, 2002; Klar, 1999; McManus, 1985, 2002) are essentially based on single-gene or two-

gene models. 

 

3. Preliminary Intensive Study with Small Sample Size 

Suzuki et al. (2009) performed a genetic twin study of handedness in 18-month-old 

children (5 MZ pairs and 14 DZ pairs) in an experimental setting and suggested the existence 
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of a non-additive genetic influence on handedness, and that special constraints are a crucial 

factor in the expression of genetic effects on handedness in infants. 

 

4. Handedness Discordant MZ Study: Co-Twin Control Study 

Around 20% of MZ twin pairs are known to be discordant in terms of the writing hand. 

Such twin pairs are as genotypically alike as it is possible to be, and it is therefore possible to 

study the consequences of phenotypical left or mixed handedness with the ideal set of 

controls: namely, the right-handed twin members. 

Clark et al. (1986) attempted to determine if the discrepancy in measured intelligence 

between MZ twin pairs concordant for handedness differed measurably from the discrepancy 

between MZ twin pairs discordant for handedness. Eight sets of MZ twins were examined, 

and no evidence was found to support the influence of pathogenic congenital factors on 

handedness. Segal (1989) compared Full Scale IQ, Verbal IQ and Performance IQ scores for 

67 young MZ twin pairs organized according to concordance or discordance for handedness 

and relative birth weight. The results support the hypothesis that left-handedness in lower-

birth-weight MZ co-twins may be associated with pre-natal pathological events, while left-

handedness in higher-birth-weight left-handed MZ co-twins may be associated with delayed 

zygotic splitting and disrupted asymmetry determination. Jäncke and Steinmetz (1995) 

examined 20 MZ twin pairs of whom 10 pairs were concordantly right-handed and 10 pairs 

discordant for handedness to determine whether the absolute degree of asymmetry of hand 

motor performance may have a heritable component. They found that at least in MZ twins the 

degree of hand motor asymmetry is mainly determined by non-genetic factors, whereas 

overall hand motor skill is more likely to be influenced by genetic factors. Kee et al. (1998) 

constituted a multitask appraisal of cerebral hemisphere specialization with 13 MZ twin pairs 

discordant for handedness, and found that asymmetries for left- and right-handed MZ twins 

were more similar to patterns reported in the literature for left- and right-handed singletons, 

respectively, than for opposite-handed co-twins. Gurd et al. (2006) examined 20 female MZ 

twin pairs discordant for handedness, and found that in the hand-preference inventories, the 

right-handers were more strongly lateralized that their left-handed sisters, and that the left-

handers had greater variation in their laterality scores. They concluded that the analyses not 

only revealed obvious strong main effects of writing hand on performance tasks, but also 

interaction effects of handedness on the peg-moving task. No evidence was found to indicate 

that twins who wrote with their left hands showed poorer performance than their right-handed 

twin sisters. 

 

5. Handedness and Other Brain Asymmetry Measured by MRI/fMRI 

Several researchers used handedness as a marker of intrauterine neurological 

development and compared the handedness and brain asymmetry of healthy twin pairs or 

disease discordant twin pairs using functional magnetic resonance imaging (fMRI). MZ twin 

pairs are often examined as an initial step towards documenting the nature of laterality. The 

report of Sommer et al. (1999) pointed out that in illnesses in which cerebral lateralization is 

important to the pathology, the assumption that MZ twins share cerebral hemispherical 

functions is false due to the occurrence of mirror-imaging. After this report, related studies 

were performed. 

Sommer et al. (1999) constituted a multitask appraisal of cerebral hemisphere 

specialization using 13 MZ twin pairs discordant for handedness. Overall, MZ twins showed 
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similar performance asymmetries on most tasks. Different asymmetries, however, were 

observed for finger-tapping and the visual half-field. In these instances, the asymmetries for 

left- and right-handed MZ twins were more similar to the patterns reported in the literature for 

left- and right-handed singletons, respectively, than for opposite-handed co-twins. Sommer et 

al. (2002) studied language lateralization measured by fMRI in 12 MZ twin pairs who were 

concordant for handedness and 13 MZ twin pairs discordant for handedness, and found that 

high intra-pair correlation for language lateralization in the handedness-concordant twins 

suggests a genetic basis for language lateralization. However, in MZ twin pairs with 

discordant handedness, discordance for language lateralization occurs in a significant number 

of twins, suggesting that discordant language dominance may be caused by a relatively late 

splitting of the original embryo. Lux et al. (2008) examined the nature of hemispheric 

lateralization for neural processes underlying verbal fluency and visuo-spatial attention using 

a single pair of handedness discordant MZ twins. They found that the right-handed twin had 

left-lateralized verbal with right-lateralized visuo-spatial attention, while the left-handed twin 

had right-lateralized verbal with left-lateralized visuo-spatial activation; these data lend 

further support to the conclusions of Sommer et al. (1999). Rosch et al. (2010), in line with 

previous studies (Lux et al., 2008; Sommer et al., 1999, 2002), examined cerebellar 

asymmetry in a pair of MZ handedness-discordant twins and found that the left-handed twin 

showed clockwise directional torque in the cerebral and cerebellar regions, while the right-

handed twin showed disparate directions of cerebral (counter-clockwise) vs. cerebellar 

(clockwise) torque. 

 

6. Handedness and Disease 

Since the report by Boklage (1977) showing increased non-right-handedness among MZ 

twins with schizophrenia, many studies have been performed (Davis & Phelps, 1995; Lewis 

et al., 1989; Luchins et al., 1980; Torrey et al., 1993; Weller, 1990) which agree or disagree 

with this hypothesis. Davis and Phelps (1995), using handedness as a retrospective marker of 

the placentation and status of twins, suggested that shared prenatal viral infection may 

account for much of the high concordance for schizophrenia in MZ twins. Sommer et al. 

(2004), using functional magnetic resonance imaging in 12 right-handed MZ twin pairs 

discordant for schizophrenia and 12 healthy right-handed MZ twin pairs, found that decreased 

language lateralization may constitute a genetic predisposition for schizophrenia. 

The genetic relationship between handedness and speech and/or language impairment is 

often studied using twin samples (Bishop, 2001, 2005). Bivariate genetic analysis indicated 

no overlapping genetic influences on specific speech and language impairment or on 

handedness (Bishop, 2001). Furthermore, genetic analysis showed that the quantification of 

hand preference measures, unlike the handedness inventory, was significantly heritable 

(Bishop, 2005). Gilger et al. (1992) using Colorado Twin Study of Reading Disabilities data, 

found that for reading disability and non-right-handedness, the MZ and DZ cross-

concordances were both 17%, and thus do not provide evidence that reading disability and 

non-right-handedness are genetically co-heritable. Räihä et al. (1998) analyzed 50 pairs of 

twins in the Finnish Twin Registry who were discordant as to Alzheimer’s disease to examine 

the contribution of environmental factors to the pathogenesis of this disease, and found that a 

reduced risk of Alzheimer’s disease was suggestively associated with ambidextrousness or 

left-handedness (p=0.083). 
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7. Model Fitting of Genetic Hypothesis for Twin Data 

Standard twin study methods assume polygenic model. However, there are many genetic 

models other than polygenic models. In most of these models one or two main genes and in 

some cases chance factors are hypothesized to influence human handedness (Annett, 1985, 

2002; Klar, 1996, 2003; Levy & Nagylaki, 1972; McManus, 1985). Although the twin study 

method, which compares the similarity between MZ and DZ pairs, may be seen in isolation as 

rejecting the influence of genetic factors on lateralization due to the high percentage of 

discordant MZ pairs, it must be recognized that genetic models incorporating a chance factor 

(Annett, 1985, 2002; McManus, 1985) or cultural processes (Laland et al., 1995) also predict 

low concordance rates and little zygosity difference in twin data. 

Geschwind et al. (2002) have investigated the heritability of lobar brain volumes in twins 

in the light of such genetic models. They found that cerebral labor volumes had a major 

genetic component, and that shared environment had about twice the effect on the left 

hemisphere as on the right. Moreover, genetic factors had twice the influence on left and right 

cerebral hemispheric volumes in right-handed twin pairs, suggesting a large decrement in the 

genetic control of cerebral volumes in non-right-handed twin pairs (R/L or L/L). This result 

was consistent with models postulating a right-hand/left-hemisphere-biasing genetic 

influence, a “right-shift” genotype that is lost in non-right handers, resulting in decreased 

cerebral asymmetry. Annett (2003), based on these findings, argued that the right-shift theory 

makes clear and specific predictions about the genotype distribution and the cerebral 

asymmetry of healthy MZ and DZ twins. Klar (2003) also argued that the cause of 

handedness was related to the biologically specified scalp hair-whorl rotation. Another result 

concerning the handedness of the progeny of discordant MZ twins suggested that left-handers 

are one gene apart from right-handers. The author concluded that these results, together with 

previous results (Klar, 1996) suggest that a single gene controls handedness, whorl 

orientations, and twin concordance and discordance, thus presenting a random-recessive 

model. 

 

 

TWIN SIDEDNESS OTHER THAN HANDEDNESS 
 

Although the twin study of sidedness other than handedness, i.e. footedness, eyedness 

and earedness, is limited thus far, these traits may be more sensitive indicators of lateral 

dominance, as they are less strongly affected by social factors than handedness. There has 

only been a very limited number of studies on twin footedness (Gurd et al., 2006; Komai & 

Fukuoka, 1934a; Ooki, 2005, 2006; Reiss et al., 1999), eyedness (Reiss et al., 1999) and 

earedness (Reiss et al., 1999; Springer & Searleman, 1978). 

Springer and Searleman (1978) examined the relationship between handedness and ear 

asymmetry using 122 same-sex twin pairs. They found that handedness discordance may be 

associated with greater differences in ear asymmetry within MZ pairs than within DZ pairs, 

possibly reflecting differences in the etiology of discordance for handedness in the two 

groups. Reiss et al. (1999) examined the laterality of hands, feet, eyes, and ears in twins and 

found no higher prevalence for any of the lateralities compared to singletons, and also found 

no difference in prevalence and concordance between MZ and DZ twins for any of the 

lateralities. Although the sample size was 100 pairs, there exists no other twin study that 
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analyzed four lateralities in the same subjects. Williams et al. (1992) observed a higher 

prevalence of left-footedness in twins than in control singletons (OR=2.0). Ooki (2006) 

performed intensive multivariate logistic analysis for non-genetic factors that may affect 

footedness and found that birth complications (OR=1.37), sex (OR=1.33), the age of twins 

(OR=1.69), gestational age (OR=1.83), and family history (OR=2.49) affected left-footedness 

at a statistically significant level. Ooki (2005), also using SEM, showed no genetic factors in 

footedness in either sex. The effects of non-shared environmental factors were large (85%) in 

males and moderate (44%) in females. Moreover, handedness and footedness tended to be 

concordant irrespective of sex, with polychoric correlations over r =0.70. 

 

 

CONCLUSION 
 

Numerous twin studies were performed to study human handedness, although the results 

were very inconsistent. Several researchers deny the usefulness of twin study, especially in 

genetic studies, due to the higher prevalence of left-handedness among twins compared to 

singletons and/or hypothesized mirror-imaging. Other researchers deny these findings and 

demonstrate the properness of generalization of the results obtained from twins. 

It is unclear whether the prevalence of left-handedness among twins is higher than that 

among singletons, although many studied were performed. However, it is obvious that the 

physical and psychological risks that accompany pregnancy with multiples, including twin 

pregnancy, are much higher than those of singleton pregnancy, and that the pre- and perinatal 

outcomes of multiple births are much worse compared to singletons (Ooki, 2009). If intra-

uterine stress or birth complications/injuries are associated in part with the origins of left-

handedness, the prevalence of left-handedness among multiples would be expected to be 

higher than among singletons. If the prevalence of left-handedness is equal between twins and 

singletons, what factors bring about this phenomenon? This seems to be a very important 

research question, since the environment of the intra-uterine period has recently been thought 

to be one of the critical/sensitive periods in determining the development of adult disease in 

the future, as expressed in the fetal origin of adult disease (FOAD) hypothesis or the 

developmental origin of health and disease (DOHaD) hypothesis. It is worth noting that 

prognosis for future disease is better in multiples than in singletons, if a certain period of 

gestational weeks or a certain birth weight is obtained (Ooki, 2009). For example, according 

to vital statistics, the infant mortality rate is lower in multiples compared to singletons if the 

birth weight or gestational age is near the cut-off point of low birth weight (2,500g) or 

preterm delivery (37 weeks). Different adaptation mechanisms may exist in twins than in 

singletons, although such mechanisms have not been well studied and have not been 

established. 

It is often said that twin study represents a way of doing experimental research in a 

natural setting. Even if twin studies have some shortcomings, we should make the best use of 

this valuable method, especially using MZ pairs. There exist no other pairs that share almost 

all genomes in humans, even if the individuals’ epigenetic conditions may differ slightly.  
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While twin study may not provide conclusive evidence as to the origins or mechanisms of 

human handedness, it provides an important first step to clarify these problems. Moreover, 

because of the complicated nature of handedness, the study of handedness in twins provides a 

good opportunity to enrich the conventional twin study method. 
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