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Abstract Human asexuality is defined as a lack of sexual

attraction to anyone or anything and it has been suggested that

it may be best conceptualized as a sexual orientation. Non-

right-handedness, fraternal birth order, and finger length ratio

(2D:4D) are early neurodevelopmental markers associated with

sexualorientation.WeconductedanInternetstudyinvestigating

the relationship between self-identification as asexual, handed-

ness, number of older siblings, and self-measured finger-lengths

in comparison to individuals of other sexual orientation groups.

A total of 325 asexuals (60 men and 265 women; M age, 24.8

years),690heterosexuals (190men and500women; Mage, 23.5

years), and 268 non-heterosexuals (homosexual and bisexual;

64 men and 204 women; M age, 29.0 years) completed online

questionnaires.Asexualmenandwomenwere2.4and2.5times,

respectively, more likely to be non-right-handed than their

heterosexual counterparts and there were significant differences

between sexual orientation groups in number of older brothers

and older sisters, and this depended on handedness. Asexual and

non-heterosexual men were more likely to be later-born than

heterosexual men, and asexual women were more likely to be

earlier-born than non-heterosexualwomen. We found nosignifi-

cant differences between sexual orientation groups on measure-

ments of 2D:4D ratio. This is one of the first studies to test and

provide preliminary empirical support for an underlying neuro-

developmental basis to account for the lack of sexual attraction

characteristic of asexuality.

Keywords Asexuality � Sexual orientation �
Finger length ratios � 2D:4D �Handedness � Birth order

Introduction

Human asexuality is loosely defined as an absence of sexual

attraction to anyone or anything, and it is estimated that at least

1 %of thepopulationfit thisdefinition(Bogaert,2004;Poston&

Baumle, 2010).Otherdefinitionsofasexuality include: a lackof

sexual behavior (Rothblum & Brehony, 1993), a lack of sexual

orientation (Storms, 1980), and a lack of sexual desire or excite-

ment (Prause & Graham, 2007). Media attention focused on

asexuality(e.g.,20/20,2006;CNNShowbizTonight,2006;Fox

News Dayside, 2006; Montel Williams show, 2007; The View,

2006; Tucker Carlson, 2006) has suggested that asexual indivi-

dualsmayhavehypoactivesexualdesiredisorder(HSDD)(Ameri-

can Psychiatric Association, 2000), a type of sexual dysfunction

characterized by a distressing absence of sexual fantasies and

desire for sexual activity, lasting for an extended period of time.

If this presumption is correct, then asexual individuals may be

referred to sex therapy clinics and administered treatments

designed to increase their sexual desire, particularly if they are

partnered with a sexual person who has a higher interest in sex.

In the current climate of sexual pharmaceuticals and intoler-

ance of waning sexual desire (Snabes & Simes, 2009), the lust-

less individual might be diagnosed with HSDD and prescribed

an off-label investigational medication.

Asexual individuals do not experience distress directly in

relation to their lack of sexual desire (Brotto, Knudson, Inskip,

Rhodes, & Erskine, 2010; Pagan Westfall, 2004), making asex-

uality fundamentally different fromHSDD—the latterof which

requires marked distress or interpersonal difficulty for a clinical

diagnosis (American Psychiatric Association, 2000). The largest

onlineweb-communityofasexuals, theAsexualityVisibilityand
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Education Network (AVEN), also rejects the categorization of

asexuality as a sexual dysfunction and instead prefers to describe

asexuality as a sexual orientation or sexual identity, along with

heterosexuality, bisexuality, andhomosexuality (Jay,2008).This

view has received widespread support among the asexual com-

munity, who further believe that asexuality is biologically deter-

mined and is not the resultof social forces. AVEN members have

voiced their belief that, if asexuality were to be accepted as a

sexualorientation,stigmaagainst thosewhoexpressalackofsex-

ual attraction would decrease, because this would be‘‘explained’’

bytheirasexualorientation(Brottoetal.,2010).Scholars(Bogaert,

2006b) share this perspective of asexuality as a sexual orientation.

In a direct test of whether asexuality might be explained by a

dysfunctional sexual arousal response, asexual, heterosexual,

lesbian, and bisexual women were compared and found not to

differ from one another in the genital sexual arousal response to

eroticfilms(Brotto&Yule,2011).This lackofgroupdifference

in genital response is consistent with a growing body of evi-

dence that women, regardless of stated sexual preferences and

type of erotic material, respond in a similar manner with regard

to theirgenitalsexual response(Chivers,Rieger,Latty,&Bailey,

2004;Chivers,Seto,&Blanchard,2007;Chivers,Seto,Lalumière,

Laan, & Grimbos, , 2010). Moreover, Brotto and Yule (2011)

found that women’s subjective sexual arousal to the same het-

erosexual clips did not differ between the groups, although the

asexual women did not experience an increase in sexual attrac-

tion during the film whereas the other three groups did. That

asexual individualsshowedthesameautomaticandrobustgenital

sexual response as the other sexual groups suggested that ‘‘cate-

gorynon-specificity,’’or thefindingthatwomen’sgenital response

can be evoked from a variety of preferred and non-preferred

stimuli, may be a feature of all women, independent of whether

they have sexual attractions or not. It is true, however, that lesbian

women did show more category specificity in their genital res-

ponses than heterosexual women (Chivers et al., 2007), sugges-

ting that category non-specificity is not ubiquitous among all

women.

Bogaert (2004) found evidence suggesting that biological path-

waysmayplayaroleinthedevelopmentofasexuality.Latemenar-

che, shorter stature, and health problems in women, and shorter

stature and health problems in men, were predictors of asexu-

ality.Evidenceformorehealthproblemswasalsofoundinamore

recentAmericannationalprobabilitystudyofasexuals (Poston&

Baumle, 2010). In light of evidence that the development of sex-

ual attraction may be prenatally biologically determined (Boga-

ert, 1998, 2003; Bogaert & Blanchard, 1996; Mustanski, Bailey,

& Kaspar, 2002a), and given the association of physical devel-

opment and sexual orientation, Bogaert (2004) concluded that

asexuality may also result from prenatal events.

Three biomarkers have emerged as strong correlates of sexual

orientationdevelopment inepidemiologicalstudies.Findings indi-

cate that: (1) homosexuality is associated with a higher incidence

of non-right-handedness in both males and females, (2) a greater

number of older brothers increase the odds of homosexuality

in males, and (3) homosexuality is associated with specific fin-

ger length ratios, such that lesbian women have been found to

havelower2D:4Dthanheterosexualwoman(Grimbos,Dawood,

Buriss, Zucker, & Puts, 2010). As a test of the prenatal devel-

opment theory of asexuality as a sexual orientation, the present

study examined these markers of atypical prenatal development

in asexual women and men.

Handedness

Handednessisabiologicalmeasurethatreflectsprenatalinfluences

and differentiates sexual orientation groups. Aspects of cerebral

lateralization, externally manifested as handedness, may be etio-

logical factors accounting for homosexuality (Blanchard, 2008).

Homosexual men and women have atypical handedness pat-

terns, with gay men showing greater odds of non-right-handed-

ness (i.e., preferential use of the left hand, or equal use of both

hands, incommontasks) (Bogaert, 2007)compared tohetero-

sexual groups. In a large meta-analysis of 20 studies that exam-

ined handedness and sexual orientation in men and women,

Lalumière,Blanchard,andZucker (2000)concluded thathomo-

sexual individuals were more likely to be non-right-handed than

heterosexual individuals. This finding was replicated using data

from the British Broadcasting Corporation (BBC) Sex Differ-

ences Survey (Reimers, 2007) of over 255,000 participants to

conclude that non-right-handedness was associated with homo-

sexuality in both men and women (Blanchard & Lippa, 2007).

There are different mechanisms by which handedness might

be related to sexual orientation development. Prenatal hormone

theory posits that handedness (as well as digit ratios) and sexual

orientationare linkedtoprenatalandrogenlevels, such thatexpo-

sure to higher levels of androgens leads to more male-typical

patterns of development, including increased incidence of left-

handedness and smaller 2D:4D ratios. Evidence for this theory

comes from a large, widely-cited meta-analysis by Seddon and

McManus (1991), which concluded that men are significantly

more likely to be non-right-handed than women, and this was

attributed to elevated levels of prenatal testosterone. According

to a linear version of this theory, in which prenatal androgen lev-

els masculinize behavior within each sex, non-right-handedness

should be associated with homosexuality in women, but not in

men (Lippa, 2003b). Large-scale reviews, however, suggest that

the prenatal hormone theory may hold for women, but not for

men (Lalumière et al., 2000), indicating that some other factor

may be operating. According to developmental instability the-

ory, perturbations during normal development would give rise

to a greater incidence of non-right-handedness as well as other

neurodevelopmentaldifferences (e.g.,minorphysicalanomalies,

neuropsychologicaldeficits).This theorywouldholdforbothmen

and women (given that it does not depend on potential mascu-

linizing effects of testosterone) and also may apply to asexuals.
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Fraternal Birth Order

Number of older brothers has also been associated with sexual

orientation,suchthatagreaternumberofolderbrothers increases

theprobabilityofhomosexuality inmen(Blanchard,2008;Blan-

chard & Bogaert, 1996). This pattern is not evident in women

(Blanchard & Lippa, 2007; Blanchard, Zucker, Siegelman,

Dickey, & Klassen, 1998; Bogaert, 1997; Ellis & Blanchard,

2001)and may be present only in right-handed men (Blanchard,

2008). This effect is limited to the number of biological brothers

and maternal half-brothers, even if they were raised in separate

households, whereas having paternal step-brothers or adoptive

brothers had no effect on sexual orientation (Bogaert, 2006a).

Fraternal birth order (FBO) effect can be explained by the

maternal immunehypothesis,whichproposes thatmaternalanti-

bodies to male-specific antigens (most likely proteins or pep-

tides) may affect the development of male but not female fetuses

(Blanchard&Bogaert,1996).Thetheorysuggests thatmalefetal

cells (or fragments ofcells) enter the maternal circulation and are

recognizedasforeignbythemother’s immunesystem,triggering

the production of antibodies against them. During subsequent

male pregnancies, these anti-male antibodies cross the placental

barrier and act on the development of the fetal brain, diverting it

fromthemale-typicaldevelopmentalpathway,suchthat theindi-

vidual will later experience sexual attraction to men rather than

women.Thestrengthof thismaternal immunization is thought to

increasewitheachsubsequentmalepregnancyandthustheprob-

ability of homosexuality increases with each older brother (Blan-

chard,2008).Thematernal immunehypothesisoperates inparallel

withEllisandAmes’ (1987) long-standingtheory thatsexualori-

entation in men is related to prenatal testosterone, proposing that

the development of sexual orientation depends both on a main

system driven by testosterone and a supplementary system dri-

venbymale-specificproteins (Blanchard,2008),aswellasbeing

influenced by other etiological factors such as atypical hormone

levels at critical stages of fetal development (Mustanski, Chivers,

& Bailey, 2002b), and cerebral lateralization, which is thought to

haveageneticinfluence(Geschwind,Miller,DeCarli,&Carmelli,

2002) and also affects handedness.

Previous research has identified an interaction between hand-

edness and number of older brothers in predicting homosexuality

inmen (Blanchard, Cantor, Bogaert,Breedlove, & Ellis, 2006;

Blanchard &Lippa,2007;Bogaert, Blanchard,&Crosthwait,

2007). Specifically, number of older brothers increased the

probability of homosexuality only in men who reported being

right-handed. These findings run counter to the meta-analytic

data that suggested non-right-handed men have a greater like-

lihoodofhomosexuality (Lalumièreet al., 2000); however, the

data may be interpreted such that non-right-handed men with

no older brothers mightbe more likely tobehomosexual due to

decreasedlateralizationof thebrain, thatnon-right-handersmay

belesssensitivetomaternalanti-maleantibodies,orthatnon-right-

handedness is actually a proxy for some feature of the mother that

makes her less susceptible to developing anti-male antigens.

Therefore, current theorizing is that the FBO effect on sexual

orientation is present only among right-handers (Blanchard,

2008).

Finger Length Ratio

The ratio of the length of the index finger (2D) compared to the

fourth finger (4D) is known as the 2D:4D ratio, and sex differ-

ences on this measure are thought to reflect a prenatal influence

of androgens (Williams et al., 2000; for a more detailed discus-

sion, see Manning, 2002). In women, the 2D is almost the same

length as the 4D; in men, the 2D is typically shorter than the 4D.

However, somestudiesshowthat lesbianwomenexhibit2D:4D

ratios more similar to heterosexual men, suggesting potentially

greater prenatal exposure to androgens, and homosexual men

show 2D:4D ratios more similar to heterosexual women, sugges-

ting potentially lower prenatal exposure to androgens (McFadden

et al., 2005). In a recent meta-analysis, Grimbos et al. (2010)

determinedlesbians tohavea lower(moremasculine)2D:4Dthan

heterosexual women, but found no significant difference between

heterosexual and gay men.

Objectives of the Study

If putative markers of prenatal development, such as handedness,

numberofolder brothers, andfinger-length ratios,were to co-vary

withsexualorientation, thenthiswouldsupport theproposedasso-

ciation between prenatal developmental events and sexual orien-

tation (Lippa, 2003b). To date, there are no data on handedness

patterns, FBO or digit ratios in asexuals. The aim of the current

study was to compare asexual, non-heterosexual (bisexual and

homosexual), and heterosexual individuals on these measures,

where we hypothesized that asexuals would differ from other

sexual orientation groups. Although the FBO effect has focused

on male participants and their brothers, as an exploratory anal-

ysis,wealso tested forFBOinfemaleparticipantsandnumberof

older sisters in all participants.

Method

Participants

A total of 1,283 individuals between the ages of 19 and 72 years

participated in this study, including 314 men and 969 women.

Participants were asked to select which option of four sexual

orientation types best described them: heterosexual, homosex-

ual, bisexual, orasexual. Among the men, there were 190 hetero-

sexual, 64 non-heterosexual (homosexual and bisexual), and 60

asexual participants. Among the women, there were 500 heter-

osexual, 204 non-heterosexual (homosexual and bisexual), and

265 asexual participants. They were recruited through several
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separate and concurrent avenues, including postings on local

websites (e.g., Craigslist), on the AVEN online web-community

general discussion board, and through our university’s human

subject pool.

The average age of participants was 24.3 years for asexual

women (SD= 6.7), 22.8 years for heterosexual women (SD=

6.3), and 29.1 years for non-heterosexual women (SD= 9.4), and

there was a significant group difference in age, F(2, 966) = 56.25,

p\.001, with non-heterosexual women being significantly older

than both asexual and heterosexual women, and asexual women

being significantly older than heterosexuals. The average age of

male participants was 26.9 years for asexual men (SD= 10.5),

25.2 years for heterosexual men (SD= 8.5), and 28.8 years for

non-heterosexual men (SD = 9.9), and there was a significant

group difference in age, F(2, 311) = 3.66, p = .027, with non-

heterosexual men being significantly older than heterosexuals.

Therewerenosignificantgroupdifferences inhighest levelof

education achieved, v2(2) = 3.55, with the majority of partici-

pants (89 %asexual, 84 % heterosexual, 87 % non-heterosexual)

having received at least some post-secondary education. Four-

teen percent of asexual, 53 % of heterosexual, and 57 % of non-

heterosexual individuals indicated that they were in a relation-

ship, either committed or non-committed, and these proportions

differed significantly, v2(2) = 158.20, p\.001, with asexual

participants being least likely to be in a relationship.

Procedure

TheUniversityofBritishColumbiaBehavioralResearchEthics

Board approved all procedures. Data were collected between

September and December 2010 via a web-based survey hosted

by SurveyMonkey (Gordon, 2002). Data were collected using

questionnaires that assessed demographic, physical and mental

health, sexual functioning, and sexual behaviors that took an

average of 60 min to complete.

Measures

Demographic Information

Participants reported their ethnicity as: Caucasian/White, East

Asian(Chinese,JapaneseorKorean),SouthAsian,AfricanAmeri-

can/Canadian, First Nations/Aboriginal, Hispanic, or ‘‘other.’’

Ninety-threepercentofasexualmenand86 %ofasexualwomen,

59 % of heterosexual men and 45 % of heterosexual women, and

61 % of non-heterosexual men and 74 % of non-heterosexual

women identified as Caucasian. The asexual samples were more

likely to be Caucasian than the heterosexual or non-heterosexual

samples, and 32 % of the heterosexual participants identified as

EastAsian.Theethnicmake-upofoursamplewasofsignificance

given the finding that 2D:4D ratios vary widely across ethnic

groups (Manning, 2002; Manning, Churchill, & Peters, 2007).

Edinburgh Handedness Inventory (EHI)

The Edinburgh Handedness Inventory (Oldfield, 1971) is a mea-

surement scalewidelyused toassess thedominanceofaperson’s

right or left hand in everyday activities ranging from writing to

opening a box. This 10-item measure produces scores ranging

from -100 (indicating strong left-handedness) to ?100 (strong

right-handedness), and a designation of left-handedness is usu-

ally assigned to those who score less than -40, ambidextrous to

those who score between -40 and ?40, and right-handed to those

whoscoremorethan?40onthismeasure.TheEHIhasgoodtest–

retest reliability. We pooled left-handed and ambidextrous par-

ticipants as non-right-handed, according to the widely accepted

definition of handedness put forward by Rife (1940).

Number of Older Brothers and Sisters

Participants responded to three questions that assessed their

numberofolderbrothersandsisters:‘‘Doyouhaveanybiological

siblings?’’and‘‘Ifyouansweredyes to thepreviousquestion,how

many older brothers (sisters) do you have?’’

Finger Length Measurement

Finger lengths were self-measured following the methodology

reportedbyManning,Scutt,Wilson,andLewis-Jones(1998).Par-

ticipants were provided with a link to an online ruler (http://iruler.

net) and the instructions ‘‘Hold your right hand in front of you.

Look at where your ring finger joins the palm of your hand. Find

the bottom crease. Put the 0 of your ruler exactly on the middle of

the bottom crease. Make sure the ruler runs straight up the middle

of your finger. Measure to the tip of your finger (not your nail) in

millimetres. It is important to do this as accurately as possible,

every millimetre counts! Enter your finger-length measurements

intotheappropriateboxesbelow.Repeat foryourright-handindex

finger.Repeatmeasurements for the ringand indexfingersofyour

left hand.’’

Statistical Analysis

Baseline group comparisons used analysis of covariance

(ANCOVA), with age included as the covariate, followed by

Tukey’smultiplecomparisonstest incasesofasignificantoverall

effect.As2D:4Dfinger-lengthratiosandhandednessappeartobe

stable over time, and do not seem to be affected by postnatal

variations in hormone levels (Manning, 2002), and because age

did not affect 2D:4D ratios in men or women, we did not control

for age in these analyses.
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Results

Handedness

There were 1,270 participants who provided information on

handedness. We first analyzed sex differences in handedness.

For heterosexual participants alone, there was no statistically

significant relationship between sex and handedness,v2(1)\1

(see below). In contrast, non-heterosexual participants showed

a sex difference in handedness that approached significance,

v2(1) = 3.82, p = .051, with the percentage of non-right-handed

non-heterosexualwomen(20 %)beinggreaterthanthepercentage

ofnon-right-handednon-heterosexualmen(10 %).Therewereno

significant sex differences in handedness among asexual partici-

pantsalone,v2(1)\1.A2(Handedness)9 3(SexualOrientation)

Chi square test revealed an overall significant effect between sex-

ualorientationgroups,v2(2) = 8.49,p = .014formen,andv2(2)=

23.06, p\.001 for women.

Handedness in Women as a Function of Sexual Orientation

A series of 2 9 2 Chi square tests revealed asexual and non-

heterosexual women to be significantly more likely to be non-

right-handed than heterosexual women, v2(1) = 22.24, p\.001,

odds ratio = 2.51, and v2(1) = 8.40, p\.01, odds ratio = 1.89,

respectively. However, there was no statistically significant dif-

ference between asexual and non-heterosexual women on this

measure. Twenty-five percent of asexual women, 20 % of non-

heterosexual women, and 12 % of heterosexual women reported

being non-right-handed (Fig. 1).

Handedness in Men as a Function of Sexual Orientation

A series of 2 x 2 Chi square tests revealed asexual men to be

significantly more likely to be non-right-handed than both non-

heterosexual and heterosexual men, v2(1) = 6.38, p = .012, and

v2(1) = 6.01, p = .014, respectively (odds ratio = 2.39 compared

to heterosexual men). Heterosexual men did not differ from non-

heterosexualmenonmeasuresofhandedness(oddsratio = 0.68).

Twenty-seven percent of asexual men, 10 % of non-heterosexual

men, and 13 % of heterosexual men reported being non-right-

handed (Fig. 2).

Birth Order Effects: Older Brothers

Older Brothers in Men as a Function of Sexual Orientation

There was a statistically significant difference in number of older

brothers between sexual orientation groups for men, F(2, 311) =

3.48, p = .032. Post-hoc tests showed that asexual men had more

older brothers than their heterosexual counterparts, p = .028. All

othercomparisonswerenon-significant(Fig. 3a).Therewasasta-

tistically significantdifferencebetween sexualorientation groups

for right-handed men, F(2, 258) = 5.55, p\.01, but not for non-

right-handed men, F(2, 44) = 1.11 (Fig. 3b, c). Post-hoc tests

showed that right-handed asexual men had significantly more

older brothers than their right-handed heterosexual counterparts,

p\.01.

Older Brothers inWomen as aFunctionofSexual Orientation

There was also a statistically significant difference in number of

olderbrothersbetweensexualorientationgroupsforwomen,F(2,

966) = 3.20, p = .041. Post-hoc tests showed asexualwomen had

fewer older brothers than their non-heterosexual counterparts,

p = .036. All other comparisons were non-significant (Fig. 4a).

There was no statistically significant difference between sexual

orientationgroups for right-handedwomen,F(2,793) = 1.19,but

there was a marginally significant difference for non-right-han-

dedwomen,F(2,163) = 2.69,p = .07(Fig. 4b,c).Post-hoc tests

showed that non-right-handed asexual women had fewer older

brothers than theirnon-heterosexualcounterparts,p = .056.There

was no statistically significant difference between non-right-han-

ded asexual women and their heterosexual counterparts.
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Birth Order Effects: Older Sisters

Older Sisters in Men as a Function of Sexual Orientation

There was a statistically significant difference in number of older

sisters between sexual orientation groups for men, F(2, 311) =

7.66, p = .001. Post-hoc tests showed that asexual men were less

likely to have older sisters than their non-heterosexual counter-

parts, p\.01. Non-heterosexual men were more likely to have

older sisters than their heterosexual counterparts, p\.001. There

was no significant difference in number of older sisters between

asexual and heterosexual men (Fig. 5a). There was a statistically

significant difference in number of older sisters between sexual

orientationgroupsforright-handedmen,F(2,258)=6.25,p\.01,

but not for non-right-handed men, F(2, 44)=1.37 (Fig.5b, c).

Post-hoc tests showed that right-handed asexual men had fewer

older sisters than their non-heterosexual counterparts, p = .043,

while non-heterosexual men had more older sisters than their

heterosexual counterparts, p\.01.

Older Sisters in Women as a Function of Sexual Orientation

There was a statistically significant difference in number of

older sisters between sexual orientation groups for women, F(2,

966) = 5.72, p\.01. Post-hoc tests showed that asexual women

had fewer older sisters than both their heterosexual and non-

heterosexual counterparts, p = .030 and p\.01 respectively.

Allothercomparisonswerenon-significant (Fig. 6a).Therewas

a statistically significant difference between sexual orientation

groupsforright-handedwomen,F(2,793) = 5.88,p\.01.Post-

hoc tests showed that right-handed asexual women had fewer

older sisters than both their right-handed heterosexual and non-

heterosexual counterparts, p = .015 and p\.01, respectively

(Fig. 6b). Finally, there was no statistically significant difference

in number of older sisters between sexual orientation groups for

non-right-handed women, F(2, 163)\1 (Fig. 6c).

Older Siblings in Men as a Function of Sexual Orientation

There was a significant difference in number of older siblings

between sexual orientation groups in men, F(2, 217) = 5.20, p\
.01.Post-hoctestsshowedthatbothasexualandnon-heterosexual

menhadagreaternumberofoldersiblingsthanheterosexualmen,

p= .034andp = .027,respectively,makingthemmorelikelytobe

later-born.However, therewasnosignificantdifference innumber

of older siblings between asexual and non-heterosexual men.

Older Siblings in Women as a Function of Sexual Orientation

Similarly, there was a significant difference in number of older

siblings between sexual orientation groups in women, F(2, 746)=

6.65, p= .001. Asexual women had fewer older siblings than non-

heterosexual women, p= .001, and thus were more likely to be

earlier-born. Asexual and non-heterosexual women did not differ

in the number of older siblings from heterosexual women; how-

ever, non-heterosexual women tended to have a greater number of

older siblings than heterosexual women, p= .054.

Finger Length Ratios (2D:4D)

Toreducepotentialvariancein2D:4Dratiosduetoethnicity,we

restricted analyses to those who self-identified as Caucasian/

Fig. 3 Number of older brothers

by sexual orientation for a all

men, b right-handed men only,

and c non-right-handed men

only. *p\.05, **p\.01
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White.1 Further, while Caswell and Manning (2009) found self-

reported 2D:4D measurements to be a reliable method of digit-

ratio measurement, we followed their suggestion to remove

extremeoutliers (e.g., those measurements which were unlikely

to be accurate). Based on criteria put forward by Manning,

Churchill,andPeters (2007),werestricted the rangeof2D:4Dto

values from .80 to 1.20, which resulted in the removal of 1 % of
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1 Identical analyses performed on all ethnicities in this sample revealed

a similar pattern of results.
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the participants’ data (n = 7; 2 men and 5 women). This resulted

in 622 participants who reported finger-length measurements

allowing a calculation of 2D:4D ratios.

Forheterosexualparticipantsonly, a2(Sex)x2(Hand:Right

vs.Left) repeated-measuresanalysisofvariance(ANOVA)was

conducted for 2D:4D ratios, with sex of participant a between-

subjects factor and hand a within-subjects factor. There were no

significant main effects for Sex, F(1, 261)\1 or for Hand, F(1,

261)\1,norwas thereasignificantSexxHandinteraction,F(1,

261)\1.

For male participants only, a 3 (Sexual Orientation Group) x

2 (Hand) repeated-measures ANOVA was conducted for 2D:

4Dratios. Therewere nosignificantmaineffects forSexualOri-

entationGroup,F(2,149) = 1.09,orforHand,F(1,149)\1,nor

was there an interaction between Sexual Orientation Group and

Hand,F(2,149)\1.Theequivalentrepeated-measuresANOVA

for women similarly revealed no significant main effects for Sex-

ual Orientation Group, F(2, 464)\1, or for Hand, F(1, 464) =

1.35, nor was there an interaction between Sexual Orientation

Group and Hand, F(2, 149)\1 (Table 1).

Discussion

Summary of Findings

This study used three putative biological markers of sexual ori-

entation (handedness, birth order, and digit ratios) to investigate

the notion that asexuality could be conceptualized as a sexual

orientation. We found that asexual men and women were signifi-

cantly more likely to be non-right-handed than their heterosexual

counterparts. Also novel to this study, there were significant dif-

ferences between sexual orientation groups on number of older

siblings, both sisters and brothers, for all asexuals. Specifically,

asexual men had significantly more older brothers and signifi-

cantly fewer older sisters compared to the othergroups, and asex-

ual women had significantly fewer older brothers and sisters than

the other groups. There were no significant differences between

sexual orientation groups on measures of finger length ratio in

Caucasian participants.

Handedness

The current results supported previous findings (Lalumière et al.,

2000;Lippa, 2003b;Mustanski et al., 2002a;Rahman &Wilson,

2003) of an association between handedness and sexual orien-

tation, with non-heterosexual women being significantly more

likely to be non-right-handed than heterosexual women. We

found non-heterosexual men not to differ on measures of hand-

ednessfromtheirheterosexualcounterparts;however, this lackof

effect may be accounted for by our relatively small sample size

of 59 non-heterosexual men who completed this measure. Impor-

tantly, and novel to this study, both asexual men and asexual

women were significantly more likely to display non-right-

handedness than their heterosexual counterparts, with odds ratios

Fig. 6 Numberofolder sistersby

sexual orientation for a all

women, b right-handed women

only, and c non-right-handed

women only. *p\.05, **p\.01
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of 2.39 and 2.51, respectively, compared to the heterosexual

groups. A large proportion of our asexual sample were non-right-

handed (25 % of asexual women, and 27 % of asexual men), a

proportion that is three times higher than the estimated incidence

of non-right-handedness in the general population, which ranges

from 9 to 11 % (Corballis, 1991).

According to the linear prenatal hormone theory of sexual ori-

entation, non-right-handedness is associated with hyper-andro-

genization in the prenatal environment. If this theory were true for

asexuality, itwouldsuggestthatasexualindividualsmayhavebeen

exposed to higher levels of prenatal androgens. Clearly, this is

not the case given their lack of, as opposed to excess of, sexual

attraction. A non-linear prenatal hormone theory, which posits

that androgens may masculinize structures up to a certain point,

but once androgens reach a critical threshold, they then lead to

feminization of these same structures (Lippa, 2003a), may be

more suitable to account for the development of asexuality. It has

also been theorized that the effects of prenatal androgens are

dependentonthetimingofsurgesanddeclinesofandrogenlevels

and/or the individual’s ability to utilize these androgens (Beren-

baum,2002;McFadden,2002).Further, ithasbeenproposed that

handedness is genetically determined (Klar, 2003; Rife, 1940)

and thus may be independent from prenatal hormones. Hence,

whilethecurrentstudyrevealedasignificantrelationshipbetween

handedness and asexuality, the underlying mechanisms remain

unknown. Because scholars have argued that the increased rate

of non-right-handedness within a group establishes a clear link

between brain development and the variable of interest (Cantor

et al., 2004), it is likely that neurodevelopmental processes are

also involved in the development of asexuality.

Of note, the high prevalence of non-right-handedness in asex-

uals does not, in itself, establish asexuality as a sexual orientation

given that similarly high proportions of left-handedness have

been found in pedophiles and hebephiles (Blanchard et al., 2007;

Bogaert, 2001; Cantor et al., 2004, 2005) (although, notably, an

argument has recently been made for conceptualizing pedophilia

asasexualorientation)(Seto,2012). It ispossible thata third-vari-

able model may account for the relationship between these two

phenomena;namely,thataperturbationinearlybraindevelopment

causes both non-right-handedness and pedophilic interests.

Thus, non-right-handedness is a marker, not a causal agent, of

pedophilia. The same might apply to asexuality.

Birth Order

Previous research has consistently found evidence for the FBO

effect: thathavingagreaternumberofolderbrothersincreasesthe

odds of homosexuality in men (Blanchard & Lippa, 2007). This

patternhasnotbeenpreviouslyobservedinwomennorhasitbeen

showntruefornumberofoldersisters,youngerbrothers,oryoun-

gersisters(Blanchard,2004;Camperio-Ciani,Corna,&Capiluppi,

2004; Green, 2000). As discussed earlier, because the FBO effect

holds true even for biological brothers raised in separate house-

holds, but not for step-brothers or adoptive brothers, it is hypo-

thesized to be due to effects of the prenatal milieu and possibly to

the progressive production by some mothers of anti-male anti-

bodies inresponse toeachsuccessivemalefetus,which thenhave

an effect on the sexual differentiation of a later born male fetus

(Blanchard & Bogaert, 1996).

Novel to this study was the finding of a significant relationship

between number of older siblings, both sisters and brothers, and

asexuality. Although our findings were not statistically significant

for non-heterosexual men, the current findings support the obser-

vation (Blanchard & Lippa, 2007) that the effect of older brothers

onsexualorientationis trueforright-handedmenonlyandextends

these findings to asexual men. We could speculate based on pre-

vious theories, such as the maternal immune hypothesis, that the

prenatal environment is influenced by older male siblings, which

in turn influences the development of sexual attraction in the asex-

ualmale.However, theremaybemultiple influenceson thedevel-

opment of sexual orientation and this would apply also to asexu-

ality. Further complicating matters, our unexpected finding that

non-right-handed asexual women had significantly fewer older

brothers than sexual women, as well as our finding of a statisti-

cally significant relationship between older sisters and asexuality

in both men and women (asexuals had fewer older sisters than

other groups), makes it more difficult to speculate on a unified

hypothesis as to the mechanism that might link number of older

siblings and asexuality.

It is possible that prenatal stress might play a role, given the

speculationthatbothleft-handednessandhomosexualityarecorre-

lated with stressful prenatal conditions in general (Lalumière et al.,

2000). The maternal immune hypothesis implies prenatal stress

and this may be an explanation for the association between hand-

edness,birthorder,andsexualorientation.Ithasbeenhypothesized

that because later-born children are likely born to older mothers,

theymayhavebeenexposedtoprenatalstressorsdirectlyasaresult

ofhavinganoldermother (Bogaert,2003). Itmaybehypothesized

that the current findings were due to number of older siblings

in general, which may be a proxy for maternal age. Asexual

men, for example, had a significantly greater number of older

siblings than heterosexual men, which may suggest elevated

Table 1 Digit ratio (2D:4D) data for Caucasian participants by sexual

orientation

Variable Asexuals

M (SD)

Non-heterosexual

M (SD)

Heterosexuals

M (SD)

Women (n = 186) (n = 106) (n = 177)

Right .995 (.054) .999 (.049) .996 (.062)

Left .992 (.050) .997 (.058) .995 (.054)

Men (n = 41) (n = 26) (n = 86)

Right .989 (.050) .972 (.041) .989 (.065)

Left .997 (.053) .978 (.057) .987 (.055)

n = number of participants

All ps[.05
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maternal age. Unfortunately, mother’s age at participant’s

birth was not assessed in this study.

Finger Length Ratios

There are methodological concerns when utilizing techniques

such as self-reported 2D:4D measurements over the Internet.

Caswell and Manning (2009) noted that minor errors in self-

measurement likely result in a reduction of effect size for both

sexual dimorphism of 2D:4D and for correlations of 2D:4D with

targetvariables, suchassexualorientation.Theysuggestedtheuse

of very large sample sizes, such as that used in the BBC Sex Dif-

ferences Survey (Reimers, 2007), which had over 250,000 par-

ticipants. While the BBC Internet Survey found significant sexual

dimorphismin2D:4Dsuch that, asexpected,maleshad lower2D:

4D than females, and significant differences were found between

malesexualorientationgroups, theirself-reportmeasuresdidhave

higher than expected mean 2D:4D and lower than expected effect

sizes(Caswell&Manning,2009;Manningetal.,2007).Duetothe

difficulty in sampling a sufficiently large asexual sample, and the

necessity of using an Internet-based methodology in finger-length

measurement, itmay be that the current sample wasof insufficient

size to detect variations in 2D:4D between sexual orientation

groups.Wesuspectthistobethecaseinthecurrentsample,asthere

was no evidence of sex differences, which is inconsistent with

most of the existing literature (Manning, 2002). This problem was

further compounded by previously observed differences in finger

lengths between ethnic groups (Manning, 2002; Manning et al.,

2007), which necessitated the exclusion of a number of non-

Caucasian participants.

Internetsurveysallowonetocollecta largeamountofdataand

are particularly useful for the study of populations that are widely

dispersed and may not otherwise be accessible–asexual individ-

uals being a particularly good example of this. Thus, although

using the Internet to measure 2D:4D lengths is not without its

limitations, it is an invaluablemethodforcollectingdata thatmay

be less influenced by measurement error. Further, while there is

someconcernthatInternetsurveysmayresult inrepeatresponses,

haphazardparticipation,ormaladjusted,sociallyisolatedsamples

participating, these concerns have been allayed by researchers

whonoted that Internetmethodscouldactuallybenefit researchers

in that they can result in large and diverse samples with motivated

respondents (Gosling,Vazire,Srivastava,&John,2004).Despite

the potential methodological flaws with gathering finger length

measurements thatmayhavecompromisedourfindings,wehave

no reason to be concerned about the data gathered on handedness

and siblings.

Conceptual Model of Asexuality

As reviewed, our finding of increased rates of non-right-hand-

edness in both male and female asexuals likely fits a non-linear

prenatal hormone theory of sexual orientation development, in

which low levels of prenatal androgens may masculinize struc-

tures and higher levels might lead to the feminization of these

same structures. Further, it may be that the timing of surges and

declines in prenatal androgen levels influences brain develop-

ment in a manner that may directly contribute to the lack of

sexual attraction characteristic of asexuality.

Our findings regarding number of older siblings also raise the

possibility that theprenatalenvironmentis important inthedevel-

opment of asexuality, and in particular, that number of older

brothers plays a role. However, this interpretation is complicated

by our unexpected finding of fewer older sisters in both asexual

men and women, making it challenging to speculate on a single,

unified hypothesis to account for how older siblings might influ-

ence development of asexuality.

As suggested by Ellis and Ames (1987), an inversion of mas-

culinization and feminization may occur in homosexual men and

women during prenatal development. How this behavioral cor-

relate of sexual orientation manifests in asexual individuals is

unknown, but it has been hypothesized that asexual individuals

conform less to traditional gender roles than do heterosexual

individuals, perhaps indicating an alteration in the process that

produces gender identity (Bogaert, 2012). Bogaert speculated

that asexual brains are neither‘‘masculine’’nor‘‘feminine’’due to

a combination of atypical prenatal hormones and/or genes (e.g.,

certain hormone receptor genes, such as the androgen receptor,

have been implicated in male-to-female transsexualism (Hare

et al., 2009) and handedness (Medland et al., 2005)). An addi-

tional influencing factor might be that of the sex (both male and

female) of older siblings. Clearly, linear explanations espousing

increases or decreases in prenatal hormone levels are inadequate

and more research is needed to adequately test mechanisms of

development.

In addition, ashas been noted elsewhere (Cantor, 2012), while

male andfemale homosexuality seemtobe obviously analogous,

there is actually no foundation for the assertion that homosexual

men are homosexual for the same reason that homosexual women

are homosexual. Male homosexuality and female homosexuality

are associated with different sets of correlates and thus may have

differentetiologicalpathways. It isentirelypossible, therefore, that

male and female asexuality may also result from different etio-

logical and developmental pathways.

Limitations

We were unable to distinguish between maternal and paternal

half-siblings due to the wording of the question assessing the

number of siblings. This potentially complicates the interpreta-

tion of the sibling data, as paternal half-siblings would not be

relevant to maternal immunization hypotheses whereas maternal

half-siblingswouldinfluencetheFBOeffect.Moreover,weunfor-

tunatelydidnotcollectanydataonthenumberofyoungersiblings,

thus we were not able to calculate a possible sibling ratio effect

(Blanchard, 1997). Although this study focused on putative

308 Arch Sex Behav (2014) 43:299–310

123



biological correlates of the development of asexuality, this study

does not address the possibility that non-biological or, in fact,

post-natal events (whether biological or not) may contribute

to the development of asexuality. However, it is worth noting

that an earlier study found no evidence of higher rates of

psychopathology in asexual individuals compared to those in

the general population (Brotto et al., 2010).

Conclusion

This was the first study to test and provide empirical evidence for

biological correlates of the lack of sexual attraction characteristic

of asexuality and was consistent with the demonstrated link

between prenatal events and homosexual orientation devel-

opment. It is unclear at this point, however, how this disposition

arises, or at what stage in development it may occur. In fact, even

the most essentialist supporters of biological determinism of sex-

ual orientation acknowledge the multi-factorial and complex

influences that likely lead to its development, and this is likely

the case for the development of lack of sexual attraction. Taken

together, however, in light of the conceptual/theoretical support

in favor of classifying asexualityas a sexualorientation (Bogaert,

2006b), laboratory evidence that asexual women respond phys-

iologically similar to other sexual orientation groups (Brotto &

Yule, 2011), and the current findings which illustrate some of the

same biologicalpathwaysimplicatedinthedevelopmentofhomo-

sexuality are present in asexuality, we conclude that asexuality is

likely best conceptualized as a unique sexual orientation. Further

researchintogenetic,hormonal,environmental,andsocial influen-

cesonasexualityisnecessary,andadditionallarge-scalestudiesare

required to replicate the current findings on handedness and older

siblings, and to gain insight into the relationship between finger-

length ratios and asexuality.
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