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Sexual Orientation and Handedness in Men and Women: A Meta-Analysis
Martin L. Lalumiere, Ray Blanchard, and Kenneth J. Zucker
Centre for Addiction and Mental Health and University of Toronto

Recent findings suggest that sexual orientation has an early neurodevelopmental basis. Handedness, a
behavioral marker of early neurodevelopment, has been associated with sexual orientation in some
studies but not in others. The authors conducted a meta-analysis of 20 studies that compared the rates of
non-right-handedness in 6,987 homosexual (6,182 men and 805 women) and 16,423 heterosexual
(14,808 men and 1,615 women) participants. Homosexual participants had 39% greater odds of being
non-right-handed. The corresponding values for homosexual men (20 contrasts) and women (9 contrasts)
were 34% and 91%, respectively. The results support the notion that sexual orientation in some men and
women has an early neurodevelopmental basis, but the factors responsible for the handedness-sexual
orientation association require elucidation. The authors discuss 3 possibilities: cerebral laterality and
prenatal exposure to sex hormones, maternal immunological reactions to the fetus, and developmental
instability.

Over the past decade or so, there has been a resurgence of

Behavioral and Molecular Genetics

interest in identifying early neurodevelopmental determinants or
correlates of sexual orientation, that is, a person's erotic preference

There is evidence for the familiality of sexual orientation. For

for opposite-sex individuals (heterosexuality), same-sex individu-

example, homosexual men appear to have more brothers who are

als (homosexuality), or both (bisexuality). In part, this line of

also homosexual than do heterosexual men, and homosexual

research has been stimulated by animal models of sexual orienta-

women appear to have more sisters who are also homosexual than
do heterosexual women. Twin studies have provided evidence that

tion, in which it has been possible to experimentally manipulate

part of this familiality is genetic, particularly for men (reviewed in

potential causal or mediating variables, such as exposure to pre-

Bailey & Pillard, 1995; Pillard & Bailey, 1998; see also Bailey,

natal sex hormones (reviewed in Breedlove, 1994). In the study of

Dunne, & Martin, 2000).

human sexual orientation, the role of early neurodevelopment has

One pedigree study found that the most discriminable pattern of

been examined in several domains, including behavioral and mo-

genetic inheritance in homosexual men is X linkage (Hamer, Hu,

lecular genetics, brain anatomy, dermatoglyphy, cerebral and au-

Magnuson, Hu, & Pattatucci, 1993); however, a second pedigree

ditory laterality, cognitive abilities, birth order, and childhood

study did not confirm this pattern of transmission (Bailey et al.,

sex-typed behaviors. In this article, we briefly review the relevant

1999). Two molecular genetics studies (Hamer et al., 1993; Hu et

findings in these domains and then argue that the study of hand

al., 1995) localized Ihe putative X-linked gene within the Xq28

edness provides important and perhaps more direct information on

region of the X chromosome, but a subsequent study did not

the early neurodevelopmental basis of sexual orientation. We then

replicate this finding (Rice, Anderson, Risch, & Ebers, 1999). No

present a rneta-analysis of published and unpublished studies com-

mode of Mendelian inheritance or chromosomal location has been

paring the patterns of handedness of homosexual and heterosexual

found for women (Hu et al., 1995). The function of the putative

men and women.

genes underlying homosexuality in men remains to be clarified.
One current hypothesis is that the genes, if they exist at all, affect
the sexual differentiation of the fetal brain (see, e.g., LeVay &
Hamer, 1994).
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sexual men. LeVay (1991) found that the third interstitial nucleus
of the anterior hypothalamus, which is smaller in women than in
men (Allen, Hines, Shryne, & Gorski, 1989; Byne et al., 2000),
was smaller in homosexual men. Allen and Gorski (1992) found
that the midsagittal plane of the anterior commissure, which is
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larger in women than in men (Allen & Gorski, 1991), was larger
in homosexual men. In a study using magnetic resonance scanning,
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This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

576

LALUMIERE, BLANCHARD, AND ZUCKER

Scamvouregas et al. (1994) found that the isthmus of the corpus

responsible for the masculinization of otoacoustic

callosum, which is larger in women than in men (Witelson, 1989),

among homosexual or bisexual women.

emissions

was larger in homosexual men. As yet, none of these studies has
been replicated. Although is it likely that these differences were

Cognitive Abilities

present before or during the development of sexual orientation, the
methodology used does not completely rule out the possibility that

Some studies have reported differences between heterosexual

these structural differences are the consequence of a person's

and homosexual men on sexually dimorphic measures of verbal

sexual orientation (see Breedlove, 1997).

and spatial abilities, with homosexual men scoring in the femaletypical direction (see, e.g., McCormick & Witelson, 1991; Sanders
& Wright, 1997; Wegesin, 1998a). However, others have failed to

Dermatoglyphy

replicate these results (see, e.g., Gladue & Bailey, 1995). Studies
Dermatoglyphy refers to the study of finger, palmar, and plantar

comparing the cognitive performance of heterosexual and homo-

ridge counts and patterns (e.g., loops and whorls). J. A. Y. Hall and

sexual women have tended to find no difference (reviewed in

Kimura's (1994) study of dermal ridges pointed not only to an

Zucker & Bradley, 1995). There is evidence that prenatal hor-

early origin of sexual orientation but also to a very specific

mones influence cognitive development (see, e.g., Grimshaw, Bry-

temporal sequence. They found that the dermal ridges on finger-

den, & Finegan,

tips, a physical feature that is fully developed by the 16th week of

Resnick, Berenbaum, Gottesman, & Bouchard, 1986) and that

gestation and that does not change afterwards (Holt, 1968),

contemporaneously measured hormonal levels influence cognitive

showed more leftward asymmetry in homosexual men than in

performance (see, e.g., Janowsky, Chavez, Zamboni, & Orwoll,

heterosexual men. Leftward asymmetry is a sexually dimorphic

1998).

1995; Hampson, Rovet, & Altmann, 1998;

feature, being found more often in women (Kimura & Carson,
1993; but see Micle & Kobyliansky, 1988). Leftward asymmetry

Birth Order

was also associated with left-handedness in homosexual men but
not in heterosexual men. In a recent study, L. S. Hall (1998)

Recent studies have shown that homosexual men tend to be born

reported that same-sex monozygotic twins concordant for sexual

late in their sibships. More specifically, homosexual men tend to

orientation showed concordant dermatoglyphic features, whereas

have a higher number of older brothers than do heterosexual men.

same-sex monozygotic twins discordant for sexual orientation

The two groups do not differ with regard to other categories of

showed discordant dermatoglyphic features; these findings were

siblings (reviewed in Blanchard, 1997; Jones & Blanchard, 1998).

observed in both sexes.

Two studies indicated that each older brother increases the odds of
male homosexuality by 33% to 48% (Blanchard & Bogaert, 1996b;

Cerebral and Auditory Laterality

Blanchard, Zucker, Siegelman, Dickey, & Klassen, 1998). The
older brother effect for homosexual men has been observed in a

Alexander and Sufka

(1993) found

that homosexual men

large number of diverse samples and is probably the most reliable

showed different electroencephalographic activation during verbal

finding in the literature on male homosexuality. Homosexual

and spatial tasks than heterosexual men and that their electroen-

women do not differ from heterosexual women with regard to

cephalographic patterns resembled those recorded from heterosex-

number of older brothers or any other category of siblings (Blan-

ual women. Reite, Sheeder, Richardson, and Teale (1995) mea-

chard, 1997; Blanchard et al., 1998; Bogaert, 1997).

sured the magnetoencephalographic cerebral laterality of auditory

Blanchard and Klassen (1997) have argued that the most plau-

source locations in homosexual and heterosexual men. They re-

sible explanation of the older brother effect involves an intrauter-

ported that women show less cerebral asymmetry than men on this

ine mechanism. They proposed that a maternal immune response

measure and found that homosexual men showed less asymmetry

to male-specific fetal products could cause a disruption of fetal

than heterosexual men. Wegesin (1998b) did not find a difference

brain sexual differentiation and prevent the development of a

between homosexual and heterosexual men in asymmetry of

male-typical sexual orientation. Because of the memory property

event-related potentials; however, he did find that homosexual

of the immune system, each successive pregnancy of a male fetus

men and women showed sex-atypical patterns of slow wave ac-

would increase the likelihood and strength of an immune response.

tivity during a mental rotation task.

Although the actual antibodies remain to be identified, a plausible

McFadden and Pasanen (1998) studied otoacoustic emissions
(weak sounds produced by elements of the inner ear and evoked by

target

of the

immune response

involves the

male-specific,

Y-linked, minor histocompatibility antigens.

brief sounds) in heterosexual men and women and homosexual or

It is, of course, also possible that postnatal mechanisms account

bisexual men and women. These emissions tend to be stronger in

for the older brother effect (for a review, see Blanchard, 1997).

females and in the right ear; these sex and ear differences are

However, no postnatal theory has yet been proposed that can

observed among infants, children, and adults (McFadden, 1998).

adequately explain the fact that number of older brothers is related

Results showed no difference between heterosexual and homosex-

to male homosexuality but number of older sisters is not related to

ual or bisexual men but weaker emissions among homosexual or

male heterosexuality. Sulloway's (1996) theory of sibling differ-

bisexual women compared with heterosexual women. These find-

entiation suggests that later-horns' greater tendencies to be open to

ings may be relevant to early development because, McFadden and

new experiences predispose them to engage in unconventional sex,

Pasanen suggested, on the basis of earlier findings from opposite-

including sex with same-sex partners and, as a result, increase the

sex twins, comparison of men and women, and other evidence

likelihood of developing a homosexual orientation. Sulloway's

(reviewed in McFadden, 1998), that prenatal hormones may be

theory predicts, incorrectly, that homosexual men have a larger
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number of older siblings and a smaller number of younger siblings.

significantly related). Gesell and Ames (1947) found that the tonic

Male-specific maternal immunoreactivity is currently the only

neck reflex observed in newboms strongly predicted handedness at

theory that is consistent with the evidence and that specifies a

ages 1, 5, and 10 years. Other researchers have observed sidedness

plausible and testable mechanism (for a more complete description

in hand use (or other motor behaviors associated with handedness)

of this hypothesis as applied to male-biased neurodevelopmental

among neonates and infants, especially among offspring of right-

characteristics, see Gualtieri & Hicks, 1985). This theory, how-

handed parents (see, e.g., Bates, O'Connell, Void, Sledge, &

ever, is silent with regard to female homosexuality.

Oakes, 1986; Cioni & Pellegrinetti, 1982; Humphrey & Humphrey, 1987; Liederman & Kinsbourne, 1980), and have noted

Childhood Sex-Typed Behaviors

significant stability over time (see, e.g., Archer, Campbell, &
Segalowitz, 1988).

Sex-typed behaviors refer to behaviors that, on average, are
displayed more often by one sex than the other (e.g., rough-and-

Neurodevelopmental Correlates

tumble play). Both prospective and retrospective studies have
investigated whether variations in childhood sex-typed behaviors

Different patterns of handedness are associated with different

are associated with sexual orientation in adulthood. Prospective

patterns of cerebral laterality. In particular, most right-handers

studies have examined samples of boys seen clinically because of

show leftward hemispheric laterality for language, and a majority

extreme cross-sex-typed behaviors, and retrospective studies have

shows a rightward hemispheric laterality for visuospatial abilities.

examined both clinical and nonclinical samples of heterosexual

Smaller percentages of left-handers show this laterality pattern

and homosexual adults. Prospective studies have found that cross-

(reviewed in Bryden & Steenhuis, 1991; Geschwind & Galaburda,

sex-typed behaviors in boys strongly predict a homosexual sexual

1987). Left-handedness is associated with a number of neurode-

orientation in adulthood (Green, 1987; Zucker, 1985; Zucker &

velopmental problems, including learning disabilities (e.g., dys-

Bradley, 1995). On the basis of a meta-analytic review of the

lexia), mental retardation, autism, schizophrenia, cerebral palsy,

retrospective studies, Bailey and Zucker (1995) found that degree

and epilepsy (reviewed in Coren, 1993; Previc, 1996). Many of the

of childhood cross-sex-typed

behaviors was significantly and

strongly associated with a homosexual sexual orientation in both
men (d =

neurodevelopmental problems associated with left-handedness are
more prevalent in males (Gualtieri & Hicks, 1985).

1.31) and women (d = 0.96). For a subset of the

Left-handedness is also associated with indicators of develop-

retrospective studies, frequency distributions were available and

mental instability (Yeo & Gaugestad, 1998), such as fluctuating

pooled for a composite analysis, which showed that 89% of the

asymmetry of bilateral morphological traits (e.g., length of fingers)

homosexual men had a childhood sex-typed behavior score that

and minor physical anomalies (e.g., low-set ears). Fluctuating

exceeded the median score for heterosexual men (indicating more

asymmetry can be produced by events occurring during pregnancy

cross-sex-typed behaviors) and that 81% of the homosexual

(Kieser & Groeneveld, 1994; Kieser, Groeneveld, & Da Silva,

women had a score that exceeded the median score for heterosex-

1997; Livshits et al., 1988; Wilber, Newell-Morris, & Streissguth,

ual women. These results point to an early developmental genesis

1993), is positively related to number of older brothers in men

involving sexual differentiation.

(Lalumiere, Harris, & Rice, 1999), and is associated with neurodevelopmental dysfunctions (reviewed in Naugler & Ludman,

The Importance of Handedness

1996). Minor physical anomalies are formed early in pregnancy
and indicate possible disturbances in brain development (see Bell

The research reviewed so far indirectly suggests that sexual

& Waldrop, 1989).

orientation has an early genesis involving neurodevelopment. Because of its early development, neurodevelopmental correlates,

Sex

Difference

and sex-dimorphism, handedness can potentially provide more
direct and more compelling information on the early neurodevelopmental basis of sexual orientation.

Boys are somewhat more likely to be left-handed than girls
(Archer et al., 1988; Calnan & Richardson, 1976; Goodwin &
Michel, 1981; Tan, 5rs, Kurkcuolu, Kutlu, & Cankaya, 1992), and

Early Development

men are somewhat more likely to be left-handed than women
(Gilbert & Wysocki, 1992; Oldfield, 1971; Perelle & Ehrman,

Handedness appears quite early in development. Hepper, Sha-

1994; Reiss & Reiss, 1997). The prevalence of left-handedness

hidullah, and White (1991) observed, using ultrasound, that 92%

decreases more or less linearly with age in both sexes in cross-

of fetuses who sucked their thumbs tended to choose the right

sectional studies (Coren & Halpera, 1991; Gilbert & Wysocki,

thumb, a value that is very close to the prevalence of right-

1992), reflecting either cohort effects or biased mortality rates

handedness in the general population (89% of adults write and

associated with handedness.

throw with their right hand; Gilbert & Wysocki, 1992). Hepper,

Left-handedness has been found to be associated with homo-

McCartney, and Shannon (1998) reported that 10-week-old fetuses

sexuality in some studies (e.g., Lindesay, 1987) but not in others

moved their right arm more often than their left, with 75% of

(e.g., Bogaert & Blanchard, 1996). Narrative reviews of the rela-

fetuses showing a right arm bias. Goodwin and Michel (1981)

tionship between handedness and sexual orientation have reached

studied head turning among neonates and hand preference among

divergent conclusions

the same Infants at 19 weeks of age: 63% of infants preferred to

Zucker & Bradley, 1995). In this article, we present a quantitative

turn their head to the right, and 64% preferred the right hand in a

review of published and unpublished studies on the relation be-

reaching task (head turning tendencies and hand preference were

tween handedness and sexual orientation in men and women.

(see, e.g.,

Halpern & Haviland,

1997;
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Method

(1998), Chivers (1995), and Tkachuk and Zucfcer (1991) are unpublished.
Results from 14 studies that were considered but not included in the

Relevant studies were located by searching computerized reference
databases and by examining reference lists of studies on handedness and

meta-analysis based on the two inclusion criteria are presented separately
in the Results section.

sexual orientation. Unpublished data were solicited from researchers who
had done work in the area of sexual orientation and from members of the
closed electronic discussion list SEXNET (sexnet@listserv.acns.nwu.edu);
the list membership includes a large number of clinical research sexologists. Data collection ended hi January 1999.

Independence of the Samples and Total Sample Size
With 2 possible exceptions, the 29 target samples were independent, for
a total of 6,182 male and 805 female participants. The possible exceptions
are the studies by Becker et al. (1992) and Satz et al. (1991); both of these

Selection Criteria for Inclusion in the Meta-Analysis
Criterion 1: Participants.

Studies had to include at least one sample of

individuals likely to contain a majority of homosexuals—hereafter, the
target sample. Potential target samples could be composed of self-declared
homosexuals, middle-aged men who never married, men diagnosed with
HIV and considered likely to be homosexual by the original authors, and
women with a gender identity disorder. Samples of women who never
married, men with a gender identity disorder, daughters of mothers exposed to diethylstilbestrol (DES) during pregnancy, and female patients
with congenital adrenal hyperplasia (CAH) were not included in the
meta-analysis but were examined separately, for reasons explained below.
Selected studies also had to include at least one sample of individuals
likely to contain a majority of heterosexuals—hereafter, the comparison
sample. Potential comparison samples could be composed of self-declared
heterosexuals, adults who had married, and unselected groups of men or
women. A variable indexing the manner in which sexual orientation was
assessed was coded for further analyses (see below).
The use of marriage as a proxy for sexual orientation hi men is justified
by data from Blanchard and Bogaert (1997). Using a Bayesian analysis,
Blanchard and Bogaert found that the probability that a never-married man
over age 40 is homosexual is .70 to .85 (see also Kirk, Bailey, & Martin,
1999). Kirk et al.'s (1999) investigation of the sexual orientation of women
over age 40 who have never married nor lived in a heterosexual relationship indicated that marriage (or its equivalent) is not a good proxy for
sexual orientation among women.
The assumption that female-to-male, but not male-to-female, transsexuals are likely to be homosexual (i.e., to be sexually attracted to members
of their own chromosomal sex) is justified by epidemiological data from
Blanchard, Clemmensen, and Steiner (1987). In that study, a consecutive
series of gender-dysphoric patients who presented at a university-affiliated
gender identity clinic contained 73 heterosexual and 52 homosexual men
and 1 heterosexual and 71 homosexual women. These findings indicate that

studies used data from the large Multicenter AIDS Cohort Study (MACS).
However, we believe that the target samples reported in these 2 studies are
independent because the authors did not cite each other and information
contained in a description of the MACS (Kaslow et al., 1987) suggests that
the participants in Becker et al. and Satz et al. were recruited at different
sites.
Among studies reporting male data, four have partially overlapping
comparison samples from the large Greater Cincinnati Survey (Lansky et
al., 1988). For the Lansky et al. (1988) study, we used all 1,644 evermarried participants as a comparison sample (Table 5 in Lansky et al.). For
Becker et al. (1992), we used 845 men as a comparison sample (Table 1 in
Lansky et al.). For Gotestam, Coates, and Ekstrand (1992), we used 380
young men as a comparison sample (Table 2 in Lansky et al.). For the Satz
et al. (1991) study, we used 707 White men as a comparison sample
(Table 2 in Lansky et al.).1
The studies by McCormick and her associates (McCormick, 1990;
McCormick&Witelson, 1991; McCormick, Witelson, & Kingstone, 1990)
provided one contrast for men and one for women. In the original studies,
data from a group of 2,322 participants recruited by Annett (1970) were
used to compare the rate of non-right-handedness of both male and female
homosexual participants (approximately 73% of the comparison sample
were men). We broke down Annett's sample into male (all male undergraduates plus all army recruits) and female (all female undergraduates)
comparison samples using data described in Annett's Table 1. Thus, unlike
the original reports by McCormick and her colleagues, the comparison
samples used in the meta-analysis are independent and distinguished by
sex.
Including Lansky et al. (1988) and excluding the other three studies
using data from the same survey, the remaining 17 contrasts for men were
based on 14,808 unique comparison participants. All female comparison
samples were independent, providing 1,615 comparison participants. The
total number of unique participants in this meta-analysis was 23,410.

biologically male gender-dysphoric patients are at least as likely to be
heterosexual as homosexual, whereas female gender-dysphoric patients are

Moderator Variables

overwhelmingly homosexual.
Compared with same-sex controls, women whose mothers were prescribed DES during their pregnancies and women with CAH report higher

Several variables were considered as potential moderators of the relationship between handedness and sexual orientation. A measure of the

rates of bisexual fantasy and/or homosexual behavior (see, e.g., Dittmann,

strictness of the determination of sexual orientation for the target partici-

Kappes, & Kappes, 1992; Meyer-Bahlburg et al., 1995; Zucker et al.,

pants was coded on a 3-point scale. A value of 1 was assigned when sexual

1996). However, the majority of these women report an exclusively het-

orientation could be inferred only from other information (e.g., unmarried

erosexual sexual orientation, in both fantasy and behavior.

participants, female-to-male transsexuals); a value of 2 was assigned when

Criterion 2: Handedness.

Studies had to use a well-specified measure

sexual orientation was obtained from sexual behavior or interest informa-

of handedness that was the same for both the target and die comparison
samples, and the handedness data had to be broken down by sex. Variables
indexing the attributes of the handedness measures were coded for further
analyses (see below).
Nineteen studies met both criteria. Another study (Satz et al., 1991) did

' Thus, all male comparison participants in Gb'testam et al. (1992) and
Satz et al. (1991) were also used by Becker et al. (1992), and all of these
845 male participants were included in Lansky et al. (1988); in the Lansky
et al. study, however, approximately 80% of these 845 participants ended

not include a comparison sample, but we were able to use a comparison
sample from the large Greater Cincinnati Survey (Lansky, Feinstein, &

up in the comparison sample (this is the estimated proportion of men who

Peterson, 1988); this comparison sample is similar in sex, age, and ethnic-

had ever married in the overall sample), and the other 20% ended up in the

ity and was assessed with the same handedness questionnaire. The 20

target sample. Thus, the studies by Becker et al., Gotestam et al., and Satz
et al. are likely to have underestimated the group difference on handedness

studies provided 29 contrasts, 20 for men (Table 1) and 9 for women (Table
2). Eight of the nine studies reporting female data also reported male data.
The data from Bailey, Willerman, and Parks (1991), Blanchard and Dickey

because some of the comparison participants were never married and thus
likely to have been homosexual.
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tion but was not strictly defined (e.g., from sexual behavior only; incom-

non-right-handers in the target samples. Odds ratios are presented in

plete information on some participants; low, nonzero scores on the Kinsey
scale of sexual orientation for some participants); a value of 3 was assigned

parentheses in Tables 1 and 2. Values in boldface are significantly different
from 1.0 atp < .05 (two-tailed).

when sexual orientation was strictly defined (e.g., self-declared or high
scores on the Kinsey scale of sexual orientation). These values are presented in Tables 1 and 2, in the column labeled SO. Of the 29 contrasts, 21

rate of non-right-handedness (as the base rate deviates from 50%, measures
of association such as Pearson r get smaller even when the true effect size

had a strictness value of 3.
The column labeled Handedness shows the name of the handedness

The main advantage of this statistic is that it is independent of the base

measure used (many studies used a smaller number of items from estab-

remains unchanged). In the context of the present meta-analysis, the base
rate is affected by the handedness measure used or the cutoff criteria to
determine non-right-handedness (e.g., the larger the number of items or the

lished handedness measures), the number of items used, and (when applicable) the range of scores that would classify a participant as exclusively

less stringent the criteria, the smaller the number of exclusive righthanders) and perhaps by the type of sample used (an older sample might

left-handed, exclusively right-handed, or nonconsistently right-handed
(NCRH); these ranges varied gready across studies.
Six other moderator variables were examined: sex of participants, pub-

include a smaller number of non-right-handers). Another advantage of odds
ratios is that they provide an easily understandable measure of effect size.

lication date, publication status, whether homosexual participants were
recruited among HIV samples, rate of non-right-handedness among the

pant is twice as likely to be non-right-handed as a randomly chosen
comparison participant. We calculated the weighted average odds ratios

target samples, and average age difference between the two groups. Age of
participants is of particular concern because of the negative relationship
between age and the proportion of left-handers in a given sample. Each of

and 95% confidence interval (Cl) using the Mantel-Haenszel method, and
a statistic of homogeneity of variance in observed odds ratios (Breslow and
Day statistic) using the statistical package StatXactS (Cytel Software

us independently coded the moderator variables for each study; the very
few discrepancies were easily resolved.

Corporation). A primer on the meta-analysis of odds ratios can be found in
Haddock, Rindskopf, and Shadish (1998).

Choice of Handedness Data

used a more traditional meta-analytical strategy. We calculated a 2 X 2
contingency x2 value for each study based on the information summarized

For example, a value of 2.0 means that a randomly chosen target partici-

Chi-square.

Some studies reported continuous handedness scores, and other studies
reported categorical handedness classifications. All studies reported data
that could be analyzed using a 2 X 2 contingency table. Thus, the
categorical approach was chosen despite the fact that it is not statistically
the most powerful way to detect a link between handedness and sexual
orientation.
Each study provided data for at least one of the following contrasts: (a)
exclusive left-handers versus all other participants, (b) exclusive lefthanders versus exclusive right-handers (all mixed-handers excluded), (c)

Because the odds ratio approach is fairly new, we also

in Tables 1 and 2. The x2 value was then transformed into a standard
deviate, z = (^/N)5, A positive sign was assigned to the z values when the
proportion of non-right-handers was greater in the target sample and a
negative sign when the proportion was greater in the comparison sample.
The Stouffer procedure was used to determine the statistical significance of
the average z value, z = ^zlKs, where K refers to the total number of
studies. We also calculated a nonparametric correlation, </i, which can be
obtained from x2 (in a 2 X 2 table, $ is equivalent tn Pearson's r),

Results

nonconsistenc right-handers versus exclusive right-handers, and (d) participants who tended to favor the left hand versus participants who tended to
favor the right hand. Because studies used different scoring criteria for any

Among men, 17 of the 20 contrasts produced values indicating

given type of contrast, the percentage of participants in a given category,
such as left-handers, could not be averaged across studies.
The column labeled % Exclusive Left in Tables 1 and 2 shows, for each

a higher frequency of non-right-handedness in the target sample
than in the comparison sample (the probability of this finding by
chance alone is about 1/1000). Among women, 7 of the 9 contrasts

group, the percentage of participants who were classified as exclusive
left-handers in each study (when possible). The column labeled % Left or

produced values indicating a higher frequency

NCRH shows, for each group, the percentage of participants who met me
nonconsistent right-hander criterion or, when that information was not
available, the percentage of participants who tended to favor the left hand

chance alone is about 1/14). In total, 24 of the 29 contrasts

rather than the right hand. In some instances, we had to determine the
cutoffs ourselves from raw data (the details are presented in the (ables).

of non-right-

handedness in the target sample (the probability of this finding by
indicated a higher frequency of non-right-handedness in the target
sample, but only 10 of those were statistically significant.

Contrasts 3 and 4, which are fairly similar, were the most frequently
reported; each study provided values for at least one of them. The data
shown in the column labeled % Left or NCRH were thus used for the

Meta-Analysis of Odds Ratios

meta-analysis. It should be noted that the percentages are based on me
same classification criterion within each study but on different criteria

indicating that a randomly chosen target participant had 39%

across studies. For the purpose of this meta-analysis, participants who were
classified as nonconsistent right-handers or as favoring the left are called
non-right-handers; all other participants (exclusive right-handers or those
who favor the right, depending on the contrast) are called right-handers.

chosen comparison participant. The 95% CI was 1.29 to 1.50,

Thus, this study is about non-right- versus right-handedness rather than
left- versus right-handedness.

Considering all 29 contrasts, the average odds ratio was 1.39,
greater odds of being non-right-handed compared with a randomly
indicating that the average odds ratio was significantly different
from 1.0. The 29 odds ratios were significantly heterogeneous,
A^(28) = 75.72, p < .0001, indicating that one or more variables
influenced

the

relationship

between handedness

and

sexual

orientation.
Because of its theoretical importance, we first examined the

Meta-Analytic Strategy

moderating effect of sex. Contrasts involving female participants

Odds ratios. The main statistic for the meta-analysis was the odds
ratio, calculated by dividing the ratio of non-right-handers to right-handers
among the target participants by the similar ratio calculated for the comparison participants. A value larger than 1.0 indicates a larger proportion of

produced significantly larger odds ratios, M = 1.91 (95% CI 1.52
to 2.40) than contrasts involving male participants, M = 1.34 (95%
CI 1.24 to 1.45) with no overlap between their CIs. The odds ratios
(text continues on page 584)
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were significantly different from 1.0 in both sexes and were
heterogeneous for male contrasts, )f(l9) = 55.78, p < .0001, but
not for female contrasts, ;^(8) = 11-24, ns.
We next examined the moderating effect of publication date.
Figure 1 shows the distribution of the base 10 logarithms of the
odds ratios as a function of the publication date (the base 10
logarithm transformation was used to normalize the distribution; a
log odds ratio smaller than zero corresponds to an odds ratio of less
than one); for unpublished studies, we used the date when the
report was first available. Visual inspection shows that the effects
tended to become smaller over time (the Pearson correlation between publication date for published studies and the log odds ratios
was — .317,p = .14).
In an article that received a fair amount of scientific and media
attention, McCormick, Witelson, and Kingstone (1990) suggested
that nonconsistent right-handedness might be more prevalent
among homosexuals than heterosexuals and that this result supported theories that postulate a neurobiological component to
sexual orientation. It is possible that researchers (and editors) were
more willing to publish null results after this publication. We
calculated the weighted average odds ratio of studies published up
to 1992 (K = 10), M = 1.41 (95% CI 1.27 to 1.57), and of studies
published after 1992 (K = 10), M = 1.18 (95% CI 1.02 to 1.37).
For this analysis, we included only published studies that explicitly
focused on handedness and sexual orientation. Studies published
after 1992 had significantly smaller odds ratios than studies published up to 1992, but both averages were significantly greater
than 1.0. Unfortunately, there were not enough data points to
perform this analysis within each sex. Because studies presenting
both male and female data tended to produce similar results (the
correlation between the log odds ratios within studies presenting
both male and female data was .540), perhaps this finding holds for
both sexes.
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Meta-Analysis of Chi-Squares
The unweighted average 4> obtained from the chi-squares was
.096 (corresponding to a Cohen's d of 0.22).2 The Stouffer j
was 8.67, indicating an extremely low probability of a Type 1
error. The file-drawer problem statistic (Rosenthal, 1991) indicated that 539 studies with a null result would be needed to
eliminate this statistically significant effect. The z values were
heterogeneous, ^(29) = 106.15, p < .001, indicating that they did
not come from the same population of z values and that one or
more study or sample characteristics were responsible for the
observed variance in z. These results are quite consistent with the
results obtained for odds ratios.

D
.n

•

• Women-Unpublished

Studies Not Included in the Meta-Analysis

V

O Women-Published
D

-.2

0

Men - Unpublished

D
-4

We next examined the relationship between the log odds ratios
and the other potential moderator variables. The log odds ratios
were not affected by the strictness of the measure of sexual
orientation, F(2, 27) = 0.96, ns. Using only data from the 21
contrasts that received a strictness rating of 3 (sexual orientation
was self-declared or based on high scores on the Kinsey scale), we
calculated the average odds ratio as 1.36 (95% CI 1.23 to 1.51).
The log odds ratios were not affected by the range of scores to
determine non-right-handedness (range of 49% to 95% of the total
score), r(22) = —.015, ns, the number of handedness items used
(range of 1 to 23), K27) = .096, ns, the use of multiple items as
opposed to a single item, f(27) = 1.18, ns, publication status,
f(27) = 0.84, ns, the rate of non-right-handedness among the target
samples (range of 5.0% to 61.1%), r(27) = -.299, p < .15, or
whether or not the target samples were recruited from HIV samples, t(27) = -1.20, ns. However, the log odds ratios were affected
by the type of handedness measure used: The Edinburgh Inventory
(M = .36) produced larger log odds ratios than the Annett questionnaire (M = .10) and the use of writing hand only (M = .07),
overall F(2,18) = 3.53, p < .06.
Target participants were older than comparison participants
in 12 of 17 contrasts with available data (mean age difference from
-24.9 to 11.4 years). As expected from the handedness—age association literature, a larger age difference favoring the target participants was (nonsignificantly) associated with smaller log odds
ratios, H15) = -.280, p < .30. The mean odds ratio was 1.17
(95% CI 1.02 to 1.34) for the 12 contrasts in which target participants were older and 1.32 (95% CI 1.18 to 1.49) for the 5 contrasts
in which comparison participants were older.

a

D Men - Published

Date of Report/Publication
Figure I. Distribution of log odds ratios as a function of publication date.
Unpublished studies (smaller symbols) were assigned the date at which the
data were first available. The area right of the vertical line represents the
period after the publication of McCormick et al. (1990). Log odds ratios > 0 indicate greater prevalence of non-right-handedness among target
samples.

Other studies presented handedness data but did not meet our
two selection criteria. Because other researchers might have used
different criteria, we present the results of these studies here and
calculated odds ratios when possible.
Studies of transsexuals. Watson (1991) presented sidedness
data based on a 24-item inventory of hand, foot, eye, and ear
preference used with 32 male-to-female transsexuals from the
Vancouver General Hospital Gender Dysphoria Clinic and 160
controls "matched for age and genetic sex (male)" (p. 23). Using
only handedness data, 40.6% of transsexuals and 11.9% of controls

2

The weighted averages for <$> and d were .053 and 0.151, respectively.
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showed left-handedness, odds ratio = 5.08, p < .0005; the corresponding values for nonconsistent right-handedness were 71.9%
and 25.6%, odds ratio = 7.42, p < .0001. Using a larger sample
from the same clinic, Watson and Coren (1992) reported
that 35.6% of the 45 male-to-female transsexuals and 11.6% of the
250 male controls (matched for age) showed left-handedness on a
4-item measure, odds ratio = 4.20, p < .0005. In this larger
sample, 28% of the transsexuals described themselves as homosexual, 37% as heterosexual, 19% as bisexual, and 16% as asexual.
Herman-Jeglinska, Dulko, and Grabowska (1997) reported
handedness data (10-item measure from the Edinburgh Inventory)
from 15 male-to-female transsexuals and 148 male controls
matched on age and education. Twenty percent of transsexuals
and 12.8% of controls showed non-right-handedness, odds ratio = 1.70, p < .50. Orlebeke, Boomsma, Gooren, Verschoor, and
van den Bree (1992) presented handedness data (6-item measure
from the Edinburgh Inventory) from 93 male-to-female and 44
female-to-male Dutch transsexuals. Nineteen percent of the maleto-female and 18% of the female-to-male transsexuals showed
left-handedness. These values were compared with the proportion
of left-hand writing (11%) in the "age-matched part of the Dutch
population" (p. 353). It is difficult to interpret these figures because a 6-item measure is more likely to yield non-righthandedness than a 1-item measure. Cohen-Kettenis, Van Goozen,
Doom, and Gooren (1998) reported that 28% of their female-tomale transsexuals and 7% of their male-to-female transsexuals
were left-handed or ambidextrous using writing hand as a measure
of handedness.
Studies of daughters of women exposed to DES.3
Schachter
(1994) assessed handedness using a 10-item Edinburgh Inventory
in a sample of 77 women (mean age = 34) whose mothers had
been exposed to DES during pregnancy. Controls were 514 female
patients at a gynecologic clinic under age 60 (mean age = 31).
Seventy-four percent of DES daughters showed non-righthandedness compared with 46% for the controls, odds ratio = 3.34, p < .0001. Scheirs and Vingerhoets (1995) studied 175
daughters (mean age = 30) of mothers exposed to DES and 219
control women (mean age = 29) using an 18-item measure of
sidedness. On the composite measure of handedness, 28.6% of
DES daughters and 19.2% of controls showed nonconsistent righthandedness, odds ratio = 1.69, p < .05. Using writing hand
only, 17.1% of DES daughters and 9.6% of controls show lefthandedness, odds ratio = 1.95, p < .05.
Studies of female patients with CAH. Nass et al. (1987) assessed handedness in a sample of 18 female patients with CAH
(mean age = 12) and their sisters (mean age = 1 6 ) using the
Edinburgh Inventory. The patients showed a statistically significant lower score (more left biased) on a laterality index. Helleday,
Siwers, Ritz&i, and Hugdahl (1994) assessed handedness in a
sample of 22 women with CAH (mean age = 22) and 22 control
women matched for age and place of birth using a 10-item Edinburgh inventory. Eighteen percent of CAH women were non-righthanded compared with 9% of the controls, odds ratio = 2.22,
p < .40.
Other studies. Stellman, Wynder, DeRose, and Muscat (1997)
studied the handedness of 201 women who had never married
and 2,702 women who had been married at least once. Ninety-one
percent of the total sample were women over the age of 45. Eight
percent of the never-married and 6.8% of the ever-married wrote

with their left hand, odds ratio = 1.18,p< .55. Wegesin, Sell, and
Dean (1997) reported that 24.7% of their 741 homosexual men
showed nonconsistent right-handedness using a 12-item measure
of handedness (derived from the Edinburgh Inventory) but did not
include a comparison group. J. A. Y. Hall and Kimura (1994)
reported an incidence of adextrality of more than 16% among a
sample of 66 homosexual participants using an 8-item measure of
handedness. The homosexual participants could not be compared
with the heterosexual participants because the latter were selected
for handedness. Moose (1993) reported that 6.5% of homosexual
participants (mean age = 28; 15 men and 16 women) and 16% of
heterosexual participants (mean age = 34; 15 men and 17 women)
were left-handed, odds ratios = 0.37, p < .30. The measure of
handedness was not specified, and the data were not broken down
according to sex. Finally, Reite et al. (1995) reported a mean
handedness score of 0.87 for 9 homosexual men and 0.63 for 8
heterosexual men, ;(15) = —.72, ns (our calculation). The handedness measure was "based on Annett (1970) with 1.0 = totally
right handed" (p. 587).

Discussion
This meta-analysis of 29 contrasts involving 23,410 unique
participants revealed a small reliable association between handedness and sexual orientation: Compared with heterosexual participants, homosexual participants had 39% greater odds of being
non-right-handed.4 Although most individual studies showed
higher rates of non-right-handedness in homosexual versus heterosexual participants, the group differences were not always statistically significant, explaining why some narrative reviews incorrectly concluded that the studies produced inconsistent results.
A significant relationship between handedness and sexual orientation was obtained in both sexes but was stronger in women.
The size of the relationship was not significantly affected by the
strictness of the measure of sexual orientation, the range of scores
used to determine non-right-handedness, the use of single versus
multiple items to determine handedness, the rate of non-righthandedness among the target samples, publication status, the age
difference between the target and comparison groups, or whether
participants were recruited among HFV samples. More recent
studies produced, on average, weaker but nevertheless reliable
associations than less recent studies. The Edinburgh Inventory
(Oldfield, 1971), which has been described as a more carefully

3

Geschwind and Galaburda (1985b) reported "a markedly elevated rate"

(p. 526) of non-right-handedness in 77 adults exposed to DES in utero but
did not include any detail.
4

An odds ratio of 3.0 is generally considered to represent a large effect

(Haddock et al., 1998). For another representation of the size of the effect,
it is possible to calculate the proportion of non-right-handers among
homosexual versus heterosexual samples using the formula Phs = 1 7
1+[((!//>,,,) - IVOR]. />ta refers to the proportion of non-right-handed
homosexuals; Ph, refers to the assumed proportion of non-right-handed
heterosexuals (this value has to be assumed because the studies reported in
Tables 1 and 2 used different classification criteria and produced very
different estimates); OR refers to the average odds ratio reported in this
meta-analysis (1.39). If 20% of heterosexuals are non-right-handed, then
about 26% of homosexuals would be non-right-handed. We are grateful to
James Cantor for expressing the relevant calculations in one equation.
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developed questionnaire than the Annett questionnaire (Bryden,
1982, p. 162), produced the strongest associations.

The studies reviewed at the beginning of this article, as well as
other findings (e.g., Blanchard & Bogaert, 1996a, on onset of

The finding that the strictness of the measure of sexual orien-

puberty and body weight), strongly support the prediction of

tation was unrelated to the size of the handedness-sexual orienta-

undermasculinization among homosexual men; When homosexual

tion association deserves further comment. Fjght studies were

men differ from heterosexual men, they do so by showing less

considered for inclusion in the meta-analysis but were excluded

masculine (or clearly feminine) scores or characteristics. There are

because the target samples did not contain a majority of homo-

also some data suggesting that homosexual women sometimes

sexual participants. These

differ from heterosexual women in a male-like direction (reviewed

samples comprised

male-to-female

transsexuals, daughters of women exposed to the masculinizing

in Zucker & Bradley, 1995; see also Bogaert, 1998). Because

drug DBS during pregnancy, female patients with the masculiniz-

non-right-handedness is somewhat more common in men than in

ing condition CAH, and women who had never married. As

women, one would expect from the prenatal androgen exposure

explained in the Method section, these samples have somewhat

theory that homosexual men would be less likely to be non-right-

higher but still minority proportions of homosexuals; nevertheless,

handed than their heterosexual counterparts and that homosexual

there was an elevated prevalence of non-right-handedness in these

women would be more likely to be non-right-handed than their

groups.

heterosexual counterparts. The results of this meta-analysis show

There are two possible explanations for the findings obtained in

that non-right-handedness is more likely in homosexual than in

these eight studies. First, it might be that the handedness-sexual

heterosexual people of both sexes. Thus, with regard to the overall

orientation association is reliable enough to be detected even when

pattern of masculinization matching sexual orientation, the hand-

the target (homosexual) sample does not contain a very high

edness data are consistent with the theory for women but not for

proportion of homosexuals. Second, non-right-handedness might

men.5

be associated with other conditions in which sex-typical masculinization and feminization are disrupted, such as transsexualism,
DBS exposure, and CAH. Results from Casey and Nuttall (1990)
indirectly speak to the second possibility. They found that nonright-handed women and right-handed women with non-righthanded relatives rated themselves as less feminine and had more
masculine sex role identification than right-handed women with

right-handed

relatives.

Apart from James's (1989) theory relating sexual orientation,
handedness, and testosterone (see below), a theory which has no
direct empirical support, there is no prior theory that can explain
why handedness and sexual orientation are related in both sexes
and especially why non-right-handedness is elevated in homosexual men. In the following sections, we discuss three possible
explanations for the relationship: cerebral laterality and prenatal
exposure to sex hormones, maternal immunological reactions to
the fetus, and developmental instability.

Theoretical Implications

Cerebral laterality and prenatal exposure to sex hormones
(revisited).

Handedness is observed quite early in development, has many
neurodevelopmental correlates, and is minimally affected by psychosocial events (especially in the direction of developing nonright-handedness). Hence, the relationship between handedness
and sexual orientation suggests that at least one developmental
route to the development of homosexuality and heterosexuality
involves factors affecting early neurodevelopment.
The findings that handedness and sexual orientation are associated in both men and women are difficult to explain with current
etiological dieories of homosexuality, especially the well-known
hormonal theory of sexual orientation, which we here call the
prenatal androgen exposure theory. The prenatal androgen exposure theory postulates that homosexuality hi men is due to undermasculinization and, in women, to overmasculinization of the
brain during a critical period of prenatal development (see Collaer
& Mines, 1995; Dorner, 1972; Dorner, Rohde, Stahl, Krell, &
Masius, 1975; Ellis & Ames, 1987). The main agents of masculinization in this theory are sex hormones, in particular, testosterone. With regard to sexual orientation, homosexual men have the
gender preference

of heterosexual

women, and homosexual

women have the gender preference of heterosexual men. The

Functional cerebral laterality refers to the differential

processing of language and nonverbal (or spatial) abilities in the
left and right hemispheres, respectively. An individual's preference for using the right or left hand has long been viewed as an
indirect index of functional cerebral laterality (e.g., whether language is represented more strongly in the left or right hemisphere).
In their work on cerebral lateralization, Geschwind and Galaburda (1985a, 1985b) commented on the relationship between
cerebral laterality, brain exposure to sex hormones, handedness,
and sexual orientation. A central feature of Geschwind and Galaburda's model is that prenatal testosterone levels are related to the
development of cerebral lateralization. More specifically, high
levels of fetal testosterone during embryogenesis damage or slow
the development of the normally dominant left hemisphere, allowing the right hemisphere to become equal or predominant and
hence causing handedness and language lateralization to shift from
the left hemisphere to bilaterality or the right hemisphere.
Geschwind and Galaburda deduced that the sex difference hi the
fetal production of testosterone explains why men are more likely
than women to be left-handed and also why men are more likely to
suffer from learning disorders involving language.

prenatal androgen exposure theory predicts that when homosexuals and heterosexuals differ on other characteristics, the difference
will follow an overall pattern of undermascuh'nization among
homosexual men and overmasculinization

among homosexual

women. For example, the overall advantage in verbal skills of
heterosexual women over heterosexual men is predicted to be
reduced or reversed in homosexual women.

5

It should be kept in mind that the small sex difference in handedness
may be simply due to the fact that more men than women are homosexuals
(Laumann, Gagnon, Michael, & Michaels, 1994) and that more men than
women are affected by conditions associated with handedness, such as
autism and dyslexia (Oualtieri & Hicks, 1985). There might not be any sex
difference in handedness among "unaffected" samples.
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With women, the hypothesis regarding handedness and sexual

antibodies to Y-linked minor histocompatibih'ty antigens (HY an-

orientation is straightforward: An overexposure to testosterone, as

tigens) might pass the placenta! barrier and divert the sexual

predicted by the prenatal androgen exposure theory, predisposes

differentiation of the fetal brain from the male-typical pattern. This

them to homosexuality and, as predicted by the Geschwind and

notion—the maternal immunoreactivity hypothesis—was intended

Galaburda model, to non-right-handedness. Thus, the model for

to account for the finding that homosexuality in men correlates

women correctly predicts a shift to a more male-typical pattern of

with an individual's number of older brothers but not with his

increased non-right-handedness and sexual attraction to women.

number of older sisters. The maternal immunoreactivity hypothesis

With men, however, there have been two versions of the mod-

is consistent with a variety of indirect evidence, reviewed by

el's predictions. If homosexuality in men is due to an underexpo-

Blanchard and Klassen and by Blanchard (1997), including the

sure to testosterone, as predicted by the prenatal androgen expo-

probable involvement of HY antigens in the development of sex-

sure theory, then there should be a shift to a more female-typical

typical traits in vertebrate species and the detrimental effects of

pattern, that is, increased right-handedness and sexual attraction to

immunization of female mice to HY antigens on the reproductive

men. However, Geschwind and Galaburda (1985a) modified this

performance of subsequent male offspring.

prediction on the basis of Ward and Weisz's (1980) study of

Blanchard et al. (1998) noted that the maternal immunoreactiv-

stressed pregnant rats, in which male fetuses responded with an

ity hypothesis suggests a potential role for the MHC. In mice

initial rise, then a permanent drop in testosterone, and more post-

(Wachtel, Gasser, & Silvers, 1973) and rats (Desquenne-Clark,

natal "homosexual" behavior (increased lordosis). Geschwind and

Chen, & Silvers, 1987), the ability of females to respond to HY

Galaburda then referred to Dorner, Schenk, Schmiedel, and

antigens is determined by immune response genes situated hi the

Ahrens's (1983) work on the putative greater prenatal stress ex-

MHC, and the ability of HY antigens to induce a response varies

perienced by the mothers of homosexual men than by the mothers

according to the MHC haplotypes of males. These findings raise

of heterosexual men. Citing these observations, James (1989)

the possibility of an association between MHC alleles and homo-

surmised that "it seems reasonable to suggest that prenatal stress is

sexuality hi human males.

associated with both high and low levels of [fetal] testosterone (at

The foregoing suggests that the handedness-sexual orientation

different stages of pregnancy) and thus . . . with both left-

association could be mediated by the MHC. Perhaps there is some

handedness and homosexuality in the same individual" (p. 179).

overlap between those MHC alleles that correlate with non-right-

Although it is true that non-right-handedness is somewhat more

handedness and those that render HY antigens more visible (i.e.,

common in men than in women, the evidence linking testosterone

more antigenic) to the maternal immune system. Alternatively,

and handedness is largely indirect and sometimes contradictory. In

perhaps there is some overlap between those MHC alleles that

a recent study, Grimshaw et al. (1995) found that prenatal levels of

correlate with non-right-handedness and those that render HY

testosterone were associated with degree of cerebral lateralization

antigens less visible to neighboring neurons in the fetal brain, thus

in 10-year-old girls and boys; however, higher levels of testoster-

diminishing a signal that contributes to the sexual differentiation of

one were not associated with handedness in boys and were asso-

the brain in the male-typical pattern (see Ohno, 1977). Of course,

ciated with right-handedness in girls. In addition, the relationship

this explanation of the handedness-sexual orientation association

between prenatal stress and homosexuality in humans is far from

is speculative. There is, at present, no direct evidence that maternal

certain (reviewed in Zucker & Bradley, 1995, pp. 155-160). Thus,

antibodies to HY antigens contribute to homosexuality in human

current notions regarding hormonal mechanisms, sexual orienta-

males, let alone evidence that the MHC background affects this

tion, and cerebral laterality do not offer a cogent explanation of the

process. In addition, these considerations are relevant only to male

relationship between non-right-handedness

sexual orientation and do not address the handedness-sexual ori-

and homosexuality,

particularly in men.
Maternal immunological reactions to the fetus.

entation association in women.
An alternative

Developmental instability.

The answer to the riddle will likely

to the theory that the handedness-sexual orientation association is

come from an accurate understanding of the meaning and origins

mediated by hormonal phenomena is the possibility that it is

of non-right-handedness and of unusual cerebral laterality. It is not

mediated by immunological phenomena, specifically, by the major

the purpose of this article to review and evaluate the principal

histocompatibility complex (MHC). The MHC is a set of closely

theories on this topic (see Previc, 1996; Yeo & Gangestad, 1993).

linked genes present in all vertebrate species. Molecules coded for

Rather, we make use of recent concepts and findings from the very

by the MHC bind peptide antigens on cell surfaces, allowing them

fertile research area of developmental instability to provide at least

to be recognized by T cells. The two best studied MHCs are the

a partial answer to the riddle.

murine MHC, H2, located on Chromosome 17, and the human

Developmental instability refers to an organism's degree of

MHC, human leukocyte antigens, located on Chromosome 6 (Ben-

vulnerability to environmental and genetic stressors during devel-

jamini & Leskowitz, 1991).

opment. As explained by Yeo and Gangestad (1998) and M011er

Gangestad et al. (1996) found a statistical association between

and Swaddle (1997), all organisms experience at least a small

left-handedness and specific MHC alleles. Their research was

amount of instability in development. Developmental instability

prompted by previously observed associations between left-

can be caused by environmental factors such as pathogens, pollut-

handedness and autoimmune diseases on the one hand, and auto-

ants, and stress during pregnancy, and genetic factors such as

immune diseases and particular MHC alleles on the other.

spontaneous mutations and homozygosity. Thus, measures of de-

Blanchard et al. (1998) extended earlier theoretical work by

velopmental instability tell a historical tale about poor or disrupted

Blanchard and Klassen (1997) with additional hypotheses that

design, random errors and accidents, or deleterious growing envi-

imply a statistical association between homosexuality and specific

ronments. Because many bilateral features (e.g., finger length) are

MHC alleles. Blanchard and Klassen had theorized that maternal

controlled by the same genetic programs and are designed to
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develop symmetrically, asymmetry of bilateral features is often
used as a measure of the extent to which organisms have experienced instability in development.
The importance of developmental instability is revealed by its
associations with indicators of Darwinian fitness (e.g., disease
resistance, growth rate, survival, and reproduction) in all species
studied to date (reviewed in M011er, 1997; M011er & Swaddle,
1997; Thornhill & M011er, 1997). The measurement and sources of
developmental instability have received a large amount of conceptual and empirical attention, especially among nonhuman species
in which experimental manipulations are possible. Also, the concept of developmental instability forms the basis of many new
studies on the effects of ecological changes on development and
health, the effects of different selection pressures such as inbreeding, the relationship between genotypic quality and mate choice,
and individual differences in neural organization (reviewed in
M011er & Swaddle, 1997; Thornhill & M011er, 1997).
Yeo and Gangestad (1993, 1998; Gangestad & Yeo, 1994; Yeo,
Gangestad, & Daniel, 1993) have pointed out that left-handedness
is associated with indicators of reduced Darwinian fitness, including a smaller number of offspring, higher number of spontaneous
abortions, lower birth weight, higher number of serious accidents,
higher rates of serious disorders, and a shorter life span. Like
others, they pointed out that left-handers are disproportionally
represented among groups with neurodevelopmental disorders
such as neural tube defects, autism, stuttering, and schizophrenia.
Importantly, they have gathered evidence that deviation from
moderate right-handedness (both left-handedness and extreme
right-handedness) is associated in men and women with signs of
developmental instability such as minor physical anomalies and
fluctuating asymmetry of dermal ridges (both caused by prenatal
events) and fluctuating asymmetry of other bilateral morphological
traits (caused by prenatal or postnatal events).
Like non-right-handedness, signs of developmental instability
such as fluctuating asymmetry and minor physical anomalies are
associated with a number of neurodevelopmental problems (reviewed in Naugler & Ludman, 1996) and with atypical cerebral
lateralization on neuropsychological tests in both sexes (Yeo,
Gangestad, Thoma, Shaw, & Repa, 1997). Thus, the associations,
in both sexes, among deviation from moderate right-handedness,
fluctuating asymmetry, minor physical anomalies, atypical cerebral lateralization, and neurodevelopmental problems strongly suggest that deviation from moderate right-handedness is caused by
perturbations occurring early in neurodevelopment. In other
words, deviation from moderate right-handedness can be viewed
as a sign of early instability in neurodevelopment in both men and
women.
These notions and the result of this meta-analysis indicate that
the factors diverting the development of erotic preferences away
from the species-typical pattern of attraction toward opposite-sex
adults are associated wilh instability in neurodevelopment. These
notions are also consistent with the finding that the handednesssexual orientation association is present in both sexes. If this logic
is correct, one would expect that male and female homosexuality
should be associated with other signs of developmental
instability.6
No study has yet investigated the degree of fluctuating asymmetry or the presence of minor physical anomalies among homosexual men and women. However, it is worth noting that number

of older brothers is associated with both male homosexuality
(reviewed above) and male fluctuating asymmetry (Lalumiere et
al., 1999) in separate studies. We expect that deviation from
moderate right-handedness might also be associated with number
of older brothers in men but not in women; the methodology used
in available studies on birth order and handedness (reviewed in
Searleman, Porac, & Coren, 1989) does not allow a test of this
hypothesis.
The fact that indicators of developmental instability are associated with both left-handedness and extreme right-handedness suggests that a meta-analysis of studies that examined deviations from
moderate right-handedness in either direction—as opposed to
shifts toward left-handedness alone—might arrive at a larger estimate of the handedness-sexual orientation association. Unfortunately, such studies are not currently available in the literature.
Interestingly, and in support of our contention, Herman-Jeglinska
et al. (1997) showed that right-handed transsexuals had a more
extreme hand preference than right-handed controls.
Conclusions
The findings reported in this article support the view that sexual
orientation has an early neurodevelopmental basis. The notion of
developmental instability can explain why non-right-handedness is
related to homosexuality in both men and women. It does not,
however, identify the specific neurodevelopmental mechanisms
underlying sexual orientation. Much remains to be learned about
the etiology of sexual orientation. With regard to homosexuality,
this meta-analysis points to an early neurodevelopmental basis
involving disruptive events causing developmental instability. It is
very likely that the disruptive events modify sexual differentiation
of the brain, perhaps through hormonal or immunological mechanisms. Future studies are necessary to determine if homosexuality
in men and women is associated with other signs of developmental
instability.

6

Michael Seto pointed out to us that the stronger association among

women is consistent with the notion of a higher threshold for pathological
outcomes among women. Women seem to be more resistant than men to a
large number of developmental problems but show more serious effects
when they are affected (see Gualtieri & Hicks, 1985). One might expect
from these considerations that homosexual women would show more or
stronger

signs

of

developmental

instability

(other than

non-right-

handedness) than homosexual men.
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