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Geschwind and Behan (1982) proposed a novel theory of the origins of cer-
ebral lateralisation, suggesting that high levels of fetal testosterone during em-
bryogenesis acted to slow the development of the normally dominant left hem-
isphere, allowing the right hemisphere to become predominant and hence hand-
edness (and language lateralisation) to shift from the left hemisphere to the right
hemisphere. In addition they proposed that since testosterone was known to af-
fect the development of the immune system, there should also be an association
between adult disorders of immune functioning (such as myasthenia gravis) and
left-handedness.

Geschwind and Galaburda (1987) examined the question of how homosex-
uality, left-handedness and the Acquired Immune Deficiency Syndrome (AIDS)
might be related through the mechanism of testosterone. They point out that
there is some evidence from animal experiments that mid-pregnancy stress
causes a high testosterone level in male foetuses, low free testosterone level in
the adult offspring, and homosexual behaviour (Ward and Weisz, 1980; Dor-

ner, Gotz and Docke, 1983; see also Ellis and Ames, 1987). Since high intra-

uterine testosterone levels would also cause left-handedness in humans, the im-
plication is that homosexuals may show a greater incidence of left-handedness
than in the general population. In addition, high intra-uterine levels of testos-

terone are expected to impair the functioning of the immune system, and hence.

may result in a greater vulnerability to disorders such as AIDS, which precisely
are deficits of immune function. Geschwind and Galaburda therefore conclude

by saying “it may be useful to study the handedness patterns of homosexuals ,

and in particular those with AIDS” (p. 176).

Several studies previously have indeed looked at the lateralisation of hom-
osexual men, albeit with conflicting results. In a small study of 20 male homo-
sexuals and 20 controls, Willmott and Brierley (1984) found no significant dif-
ference in the incidence of left-handedness. In a larger study, Lindesay (1987)
compared 94 homosexual men with 100 heterosexual controls. Approximately
14% of the homosexual men were left-handed compared with 9% of the het-
erosexual men. More interestingly there was a significant trend for the homo-

sexual men to show a lesser degree of lateralisation than the heterosexuals,

which Annett (1988) has interpreted in terms of a “reduction in right shift”. Ro-
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senstein and Bigler (1987) compared a group of 38 male and female homosex-
uals (who varied in extent of homosexuality from 1 to 6 on the Kinsey et al.,
1948, scale) with 51 male and female heterosexuals; no significant relationship
was found between handedness and homosexuality. Although not specifically
so interpreted by the authors, Lansky, Weinstein and Peterson (1988) have re-
ported an excess of non-right-handedness in unmarried subjects, which James
(1988) has interpreted as a possible excess of left-handedness in homosexuals
(who tend to be unmarried). Finally, McCormick, Witelson and Kingstone
(1987) studied 38 homosexuals and 32 female homosexuals (all rated at least 5
on the Kinsey scale), and in comparison with population norms described by
Annett (1970), found a lower incidence of consistent right-handedness in fem-
ale homosexuals than in male homosexuals.

Taken together, the above results provide little evidence for Geschwind and
Galaburda’s hypothesis of a raised incidence of left-handedness in male hom-
osexuals, although there is some slight suggestion that male homosexuals may
be less lateralised than heterosexuals.

In this study we describe a large study of male homosexuals, in which we as-
sess both direction and degree of handedness, and we also consider whether
handedness may be related either to AIDS itself, to infection with the Human
Immunodeficiency Virus (HIV), or to testing for HIV. In addition we also as-
sess the relationship between left-handedness and a range of other conditions
which have been implicated in the Geschwind—Behan—Galaburda hypothesis.

MATERIALS AND METHOD
l Subjects and Procedure

i A large numb_er of subjects were contacted at clinics for the treatment of venereal di-
. sease, and at hospices and clinics for AIDS patients, in London and New York, and through
* gay clubs and gay organisations with a national membership in Britain, in which case a

stamped, addressed envelope was included with the postal questionnaire. The sample cons-

The questionnaire asked subjects their age, sex, profession, sexual preference (hetero-
sexual, bisexual, gay or lesbian), their AIDS and HIV status (never tested for HIV, tested for
HIV and negative, tested for HIV and positive, and suffering from AIDS), whether they had
suffered from a range of 17 conditions of varying degrees of relevance to the Geschwind-Be-
han-Galaburda hypothesis (and including some control conditions), and a handedness in-
ventory, which had previously been used in a study of the relationship between left-hand-
edness and myasthenia gravis (McManus et al., 1989). The handedness inventory contameg
nine hand preference items, each of which was rated on a five point scale from “Always Leftl
to “Always Right”. The items could be divided into three categories: Culturally bxasiel(‘i,fig) L
turally unbiassed, and reversed (in which a right-hander would be expected to answer te 0
* Separate laterality indices in the range — 100 (extreme left-handedness) to + ;uoo (:i(ereD e
. right-handedness) were calculated for each c;{lthc;lthreet;gl:;gzﬁst :3:1 ‘tll;eo?\;;re latS:ralify e

‘ dedness was assessed on the overall scale as / the late -
(g!rc:e (?rf ?::range 0 to +100), and direction of handedness was da%sfl?}fd’asd eflv%;l; ll:i;lftl;:n
if the total laterality index was greater than zero, and left-handed i gm
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or equal to zero. The laterality inventory also asked subjects to describe their typical hand-
g:lasping and arm-folding positions (McManus and Mascie-Taylor, 1979) and their eye-dom-
inance.

RESULTS

791 subjects completed the questionnaire; 52% from London, 11% from
New York and 37% from nationally organised groups in Britain. Nine ques-
tionnaires were not analysed because of missing data, and a further six from
female homosexuals were also excluded as being too few for analysis. Of the 774
subjects whose data were analysed, 109 (16.4%) were female, and 665 (85.9%)
were male, and the mean age was 33.7 years (SD 9.3, 95% interval 20-56); 396
(51.2%) subjects were heterosexual, 346 (44.7%) homosexual, and 32 (4.1%)
bisexual. 365 (47.2%) subjects had not been tested for HIV, 112 (14.5%) had
been tested and were negative, 103 (13.3%) had been HIV tested and were po-
sitive, and 194 (25.1%) knew themselves to be suffering from AIDS. Male bis-
exual subjects were included within the homosexual group for the purposes of
analysis.

A total of 1204 questionnaires was distributed, of which 791 were returned
(65.6%). The response rate was somewhat lower in the 550 postal question-
naires (40.4%) than in the direct contacts (87.0%).

Tables I and II summarise the laterality scores in male homosexuals, male
heterosexuals and female heterosexuals, in each of the HIV/AIDS status cate-
gories. The inter-relationship between sex, sexual preference and HIV/AIDS
status was assessed for statistical significance by multiple logistic regression for
categorical variables, and by three-way regression approach ANOVA for con-
tinuous variables.

Analysis of direction of handedness (Table I) showed a trend towards a
significant relationship between handedness and homosexuality (Chi-
squared =2.6, 1 d.f., NS), although this was not significant when HIV/AIDS
status was taken into account (Chi-squared =0.82, 1 d.f., NS). There was, how-
ever, a significant association between handedness and HIV/AIDS status (Chi-
squared =9.22, 3 d.f., p<.05), which remained almost significant after the in-
fluence of homosexuality was taken into account (Chi-squared =7.44, 3 d.f.,
p<.1). Fitting of a linear trend across the four groups, using co-efficients of 1,
2, 3 and 4 for the “not tested”, “HIV —ve”, “HIV +ve” and “AIDS” groups
respectively, showed no significant evidence that likelihood of infection was re-
lated to left-handedness (Chi-squared =0.48, 1 d.f., NS). However, a quadratic
effect (co-efficients 1, 2, 2, 1) was highly significant (Chi-squared = 7.53, 1 d.f.,
p <.01), which was consistent with scrutiny of the data which had suggested that
the overall significant effect was entirely due to a difference between those in-
dividuals who had explicitly been HIV tested (whether HIV —ve or HIV +ve)
and those who had either not been tested or whose infection was revealed by ac-
tually having AIDS. There was no evidence of a significant cubic effect (Chi-
squared=1.21, 1 d.f., NS). A posteriori paired comparisons of the “Not test-
ed”, “HIV —ve”, “HIV +ve” and “AIDS” groups in relation to handedness
showed that the “HIV +ve” group had a significantly higher incidence of left-
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TABLE I

Association of the Discrete Measures Jrom the Laterality Inventory with Sexual Preference and HIV/
AIDS Status. Values are percentages (with N)

HIV/AIDS Male Male Female Total
status homosexuals heterosexuals heterosexuals
% Left-handed Not tested 5.6% ( 54) 1.7% (220) 6.6% ( 91) 7.1% (365)
(LI<0) HIV—ve 14.5% ( 55) 11.4% ( 44) 0.0% (13)  11.6% (112)
HIV+ve 18.7% ( 91) 0.0% ( 9 333% ( 3)  17.5% (103)
AIDS 8.4% (178) 0.0% ( 14) 0.0% ( 2) 7.7% (194)
Total 11.6% (378) 7.7% (287) 6.4% (109) 9.4% (774)
% Left' Not tested 44.4% ( 58) 46.8% (220) 50.5% (91)  47.4% (365)
hand-clasping HIV-ve 43.6% ( 55) 34.1% ( 44) 30.8% (13)  38.4% (112)
HIV+ve 45.1% ( 91) 22.2% ( 9) 66.7% ( 3)  43.7% (103)
.AIDS 48.9% (178) 35.7% ( 14) 50.0% ( 2)  47.9% (194)
Total 46.7% (378) 43.6% (287) 48.6% (109)  45.8% (774)
% Left Not tested 51.9% ( 54) 57.5% (220) 462% (91)  54.0% (365)
arm-folding HIV_ve 58.2% ( 55) 34.1% ( 44) 61.5% (13)  49.1% (112)
HIV+ve §7.1% ( 91) 222% ( 9) 100.0% ( 3)  s5.3% (103)
AIDS 45.5% (178) 71.4% ( 14) 1000% ( 2)  47.9% (194)
Total 48.9% (378) 53.7% (287) 50.5% (109)  52.0% (774
% Left Not tested 18.5% ( 54) 31.4% (220) 25.3% (91)  27.9% (365)
eye dominant HIV_ve 27.3% ( 55) 20.5% ( 44) 30.8% (13)  25.0% (112)
HlVive 31.9% ( 91y 0.0% ( 9) 33.3% ( 3)  29.1% (103)
AIDS 27.5% (178) 7.1% ( 14) 100.0% ( 2)  26.8% (194)
Total 27.4% (378) 27.5% (287) 27.5% (109)  27.5% (774)
TABLE I
Association of the Continuous Measures JSrom the Laterality Inventory with Sexuql Preference and
HIV/AIDS Status. Values are means (with SD and N)
HIV/AIDS Male Male Female Total
status homosexuals heterosexuals heterosexuals
L1 (totaD Hnlested 700 (07, S 685 (83, 220) 715 (47, 91) 695 (38.0, 365)
HV-ve 617467, 55) 667 (332, 4 8120166, 13) 666 (314, 112)
HIVive 512 (536, o) e43 2.7, 9 42.6 (658, 3) 52.1 (518, 103)
AIDS 620 (425,178 758 (1.8, 14) 86.1 (19.6, 2) 63.2 (41.3, 194)
o Total 60.5 (46.0, 378) 685 (18.8, 287 2.8 (2.2, 109) 65.2 (41.7, 774)
LI(non-culturalitems) Nottested 67.6 (485, 549 634 (50.0, 20) 69.6 (489, 91) 65.6 (49.5, 365)
- HIV-ve 600 (607, 55 625 (4.0, 4) 82.1 (37,6, 13) 63.5 (53.4, 112)
HIVive 480 (696, 91) 667 (363, 9) 55.6 (7.0, 3) 49.8 (67.2, 103)
AIDS 614 (542, 178) 738 (275, 14) 1000 ©0, 2) 626 (52.6, 194)
“Total 58.8 (587, 378) 639 483,280 T2 (479, 109) 62.4 (53.6, 774)-
Ll (cvlturalitems) ~ Nottested 78.7 (41.6, 54 769 (39.8, 220) 772 (38.8, 91) 77.3 (39.7, 365)
HIV-ve 791 (410, 55 744 (351, 44). 885 (30.0, 13) 78.3 (37.6, 112)-
HlVive 703 (544, 91) 667 @15, 9 1000 00, 3) 709 (52.6, 103)
AIDS T35 (467, 17 821 (28, 14) 1000 0.0, 32) 744 (45.2, 194)
Total 743 (47.1,378) 765 (38.4, 287) 79.6 (32.3, 109) 75.8 (42.8, 774).
. .8 (4.7, 365)
Ll(reverseditems)  Nottested 617 (47.3, 54) 633 (45.9, 220) 66.3 (40.2, 91) 63.8 (4.7,
. HIV-ve 4838 (585, 55) = 62.1.(46.1, 44) 872 (2.7, 13) 585 (52.0, l(lg)
‘  HIV4ve 392(83, 91) 500 (30.0, 9) -5.6 @322 3) 388 (572, 1 94)
AIDS 49.8 (575, 178)  65.5 (41.6, 14) 583 (589, 2 510 (36.4, 194
; Total © 48.8 (568, 378) ' 628 (45.2, 287) © ' 66.7 (419, 109) 565 (5.3, T74)
764 (21.8, 91) 76.0 (2.3, 365)
LI ¢totah) LT G g?; gg n3 (‘22?,; % e W Lab 1
. - Y18, y ' ) . 68.7 (25.6, 1
HIVive 69.2(259, 91) 648 (4.7, 9 ‘é‘;';} g;’ 2 ;; bt fm_o’ o
AIDS 703 (265, 178) -75.8 (188, 14) -1 (19.6,

Total

" 71.4 (4.9, 378)

74.4 (23.7, 287)

71.5 (21.5, 109)-

73.5 (4.1, T74)
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handedness than the “Not tested” group (Chi-squared =10.11, p=.0015) and
the “AIDS” group (Chi-squared = 6.47, p=.011); no other paired comparisons
were significant.

Analysis of the continuous measures of handedness (Table II) showed no
evidence of significant effects of homosexuality on any of the measures, with
the possible exception of the reversed items, for which homosexuals had a non-
significant trend toward lower scores (F=3.31; d.f. =1, 741; p<.1). Similarly
HIV/AIDS status showed no significant differences for any of the dependent
variables with the exception of the reversed items for which there was a non-sig-
nificant trend (F=2.51; d.f.=3, 741; p<.1).

Statistical testing of hand-clasping, arm-folding and eye-dominance (Table
I) showed no significant relation either to homosexuality (Chi-squared = .70, .44
and .04, 1 d.f. respectively) or HIV/AIDS (Chi-squared =3.37, 3.04 and .56, 3
d.f. respectively).

Table III shows the relationships between left-handedness, homosexuality,
HIV/AIDS status and the seventeen miscellaneous conditions which had been
included on the questionnaire. Simple associations were tested by means of chi-
square tests. Table III shows that none of the seventeen conditions was asso-
ciated with left-handedness, although there were significant associations be-

TABLE 1II

Proportion of Subjects Indicating that They or Had Suffered from the Seventeen Conditions Included
on the Questionnaire, in Relation to Homosexuality, HIV/AIDS status and left-handedness

Homo-  Hetero- Not HIV HIV Right- Left-
sexual sexual tested -ve +ve AIDS handed handed
Hepatitis A 91/394  20/396 *** 16/374 16/114 30/104 48/197 *** 96/715 15/15 NS
. (23.1%) (5.1%) (4.3%) (14.0%) (28.8%) (24.4%) (13.4%) (20.0%)
Hepatitis B 96/394 8/396 *** 6/374 12/114  27/104  59/197 *** 96/715 8/75 NS
(24.4%) (2.0%) (1.6%)  (10.5%) (26.0%) (29.9%) (13.4%) (10.7%)
Syphilis 1417394 22/396 *** 21/374 16/114 43/104  83/197 *** 143/715 20/75 NS
(35.8%) (5.6%) (5.6%) (14.0%) (41.3%) (42.1%) (20.0%) (26.7%)
Herpes 143/3%4  34/396 *** 28/374 20/114 26/104  103/197 *** 162/735 15/75 NS
(36.3%) (8.6") (7.5%) (17.5%) (25.0%) (52.3%) (22.7%) (20.0%)
Arthritis 35/394  25/396 NS 20/374 7/114 8/104 25/197 * 55/715 5/75 NS
(6.3%) (8.9%) (5.3%) (6.1%) (7.7%) (12.7%) (7.7%) (6.7%)
Gout 5/394 5/396 NS 5/374 3/114 0/104 2/197 NS 10/715 0/75 NS
. (1.3%) (1.3%) (1.3%) (2.6%) (0.0%) (1.0%) {1.4%)  (0.0%)
. Migraine 93/394  71/396 * 68/3714  22/114 22/104 52/197 NS 152/715 12/75 NS
(23.6%) (17.9%) (18.2%) (19.3%) (21.2%) (26.4%) (21.3%) (16.0%)
Dyslexia 20/394 11/396 NS 107374 7/114 6/104 7/191 NS 21/715 4/715 NS
(5.1%) (2.8%) (2.7%) (6.1%) (5.8%) (4.1%) (3.8%) (5.3%)
Thyroid disorders 9/394 5/39%6 NS 5/374 /114 2/104 6/197 NS 13/715 /75 NS
(2.3%) (1.3%) (1.3%) (09%) (1.9%) (3.0%) (1.8%) (1.3%)
Haemophilia 1/394 17396 NS 0/374 0/114 1/104 17197 NS /715 0/75 NS
0.3%) (0.3%) (0.0%) - (0.0%) (1.0%) (0.5%) ~ (0.3%) (0.0%)
IV Drug User 117394  21/396 NS 57374 0/114 12/104  15/197 »*** 31/715 1/75 NS
2.8%) (5.3%) (1.3%) (0.0%) (11.5%) (7.6%) 4.3%) (1.3%)
Stomach Ulcers  34/394 207396 * 15/374  1/114 8/104 24/197 *+ 41/715 1/75 NS
(8.6%) (5.1%) (4.0%) (6.1%) (7.7%) (12.2%) (6.6%) (9.3%)
Stuttering 23/394  13/396 NS 14/374 4/114 3/104 15/197 NS 31/71§ 5/75 NS
(5.8%) (3.3%) (3.7%) (3.5%) (2.9%) (7.6%) 4.3%) (6.7%)
Obesity 16/394 187396 NS 15/374 10/114  4/104 5/197 NS 30/715 4/75 NS
(4.1%) (4.5%) (4.0%) (8.8%) (3.8%) (2.5%) 4.2%) (5.3%)
Baldness 57/394 36/396 * 38/374 13/114  13/104 29/197 NS 86/715 7/75 NS
(14.5%) (9.1%) {10.2%) (11.4%) (12.5%) (14.7%) (12.0%) (9.3%)
Eczema 85/394  27/396 *** [29/374 11/114 17/104  55/197 - **+ 102/715 10/75 NS
. (21.6%) (6.8%) (7.8%) (9.6%) (16.3%) (27.9%) (14.3%) (13.3%)
Psoriasis : 40/394 10/396 NS 12/374 1/114 9/104 28/197  *** 45/715 ‘ 5/75 NS
(10.2%) (2.5%) (3.2%) (0.9%) . (8.7%) (14.2%) - 6.3%)  (6.7%)

NS, not significant; * p<.05; ** p<.01; *** p<.001.



54 S.E. Marchant-Haycox, I.C. McManus and G.D. Wilson

tween several of the diseases and homosexuality and/or AIDS/HIV status. In
interpreting Table III it should be noted that these are marginal tables derived
from all subjects, and effects are unstandardised for other effects within the ta-
ble. In particular this is important for the association between baldness and
homosexuality, which although significant statistically, does not take into ac-
count the different incidences of male and female subjects in the two groups.

DiscussioN

This study has failed to find any statistically significant evidence that left-
handedness is related to homosexuality per se, and thus it cannot be seen as
supporting the hypothesis put forward by Geschwind and Galaburda (1987), al-
though we do note that our difference between homosexuals and heterosexuals
is in the same direction as that found by Lindesay (1987). The hypothesis of
Geschwind and Galaburda is, as James (1989) has pointed out, somewhat sur-
prising in that it seems contradictory to the work of Dorner, Schenk et al.
(1983), and Dorner, Gotz and Docke (1983). Dorner et al. proposed that it is low
levels of testosterone which produce homosexuality whereas Geschwind and
Galaburda propose that it is high levels of testosterone that produce homosex-
uality. James sees an interesting potential resolution of this theoretical impasse,
in that the work of Ward and Weisz (1984) found that stress in pregnant rats

approximately half of homosexuals were stressed and the other half unstressed.

The present study has found no links between any of the seventeen illness
conditions and left-handedness, despite Geschwind and Behan arguing that
there are such associations (for instance of left-handedness with migraine, dys-
lexia and stuttering) or implying that there should be such associations (in the
case of several of the infectious conditions); however the base-rates of some
conditions are fairly low, which would reduce the power of such comparisons.
Nevertheless several of the conditions are associated with HIV/AIDS status,
which confirms both the validity of our study for detecting associations if they
are present: AIDS patients have previously been reported to have a high incid-
ence of previous infection with hepatitis A and B, syphilis and herpes (Quinn et
al., 1988), and the disease is associated with both haemophilia and iptravenous
drug abuse (Lifson et al., 1986). The quality of our data is showx} in the clear
association found between HIV/AIDS status and eczema and psoriasis, both of
- which have been reported previously as being associated with AIDS .(J ohnson et
al., 1985). It therefore seems probable that the absence of a correlatlop b.etweeln
these conditions and left-handedness reflects a true lack ot_' an assocx.atu;rlxl, z: -
though it must be accepted that our study had not been designed specific y 0

look for such an association. :
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Our study has found a statistically significant association between HIV/
AIDS status and the overall percentage of left-handers. However, the associa-
tion cannot be interpreted readily in terms of the Geschwind-Behan-Galaburda
hypothesis since there is no simple linear trend across the categories, as might
be expected if likelihood or severity of HIV infection were the principal corre-
late, and neither is there a clear distinction between HIV — ve and HIV + ve sub-
jects, as might be expected if HIV infection were the determining factor. In-
stead the quadratic trend suggests that there is a raised incidence of left-hand-
edness principally in those who have been tested for HIV infection, albeit with
a positive or negative result.

* A simple interpretation of this result is in terms of a response bias, in which
a subset of the population, particularly those who regard themselves as poten-
tially vulnerable to HIV infection, are well-informed scientifically and have read
in the popular press both about HIV testing and also about the hypothesis that
left-handedness is related to immune disorders. As a result those who are left-
handed themselves would be particularly likely to be HIV tested, giving the dis-
tribution of results reported here. An alternative, but less likely hypothesis, is
that the percentage of left-handers in the AIDS group is artefactually low due
to the premature deaths of left-handed patients who are either more vulnerable
to infection or succumb to it more readily. A final hypothesis which would be
compatible with our results is that left-handers are both more likely to become
infected by HIV and are less likely for it subsequently to develop into AIDS it-
self. Our present data cannot separate these hypotheses, and additional infor-
mation must be collected thoroughly to test each of them. In particular the fact
that a posteriori testing shows that the “HIV — ve” group does not have a sig-
nificantly different incidence of left-handedness from either the “not tested” or
“HIV + ve groups” (which do however have significantly different incidences)
suggest that a larger study, with a greater sample size and hence more power,
will be necessary both to replicate the findings we have reported here and to
tease apart the possible explanations. Our study did not collect information on
the reasons why some individuals rather than others had chosen to be HIV test-
ed, and neither did it differentiate between those AIDS patients who had or had
not been HIV tested before the onset of the illness. Clearly this information
would be useful in helping to differentiate between the various hypotheses to
account for the association with left-handedness, and it would be worth col-
lecting in future studies.

ABSTRACT

Left-handedness was assessed in a large sample of male homosexuals and male and fem-
ale heterosexuals, some of whom had been tested for HIV infection, and others of whom had
AIDS. No association was found between left-handedness and homosexuality, although there
was an excess of left-handers in subjects who had been tested for HIV infection (irrespective
of whether the test was negative or positive). This result can be interpreted in three possible
ways: as a response bias on the part of left-handers who were aware of the Geschwind hy-
pothesis that left-handedness may confer a vulnerability to AIDS; as due to left-handedness
being associated with AIDS infection and the incidence in AIDS patients being artefactually
low due to an excess mortality in left-handed AIDS patients; and as left-handers showing
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both an increased vulnerability of HIV infection and a red_uced likelihood of progression of
HIV infection into AIDS. Our data are unable to distinguish betwgen these.h.ypotl!esels.d .

" Left-handedness was not associated with any of seventeen specific conditions, including
migraine, dyslexia and stuttering.
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