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General Abstract
The present thesis investigated how genetically identical twins with discordant

sexual orientations differed in correlates of their sexual orientation in order to
understand to what degree non-genetic factors affect the formation of sexual
orientation. Because identical twins share 100% of their genes, factors other than
genetics may contribute to any differences within these pairs. Chapter 1 gives an
overview of the literature. Chapter 2 focuses on childhood gender nonconformity
(femininity in males, masculinity in females), which predicts a non-straight (gay,
lesbian, or bisexual) sexual orientation in adulthood. In order to avoid the limitations
of self-report measures, gender nonconformity of these twins was assessed via
observer ratings of their photographs from childhood and adulthood. In addition,
although genetically identical twins can differ in their self-reported sexual
orientations, it is unclear to what degree these self-assessments reflect observable
differences in sexual arousal such as genital response or pupil dilation patterns while
viewing sexual stimuli. Chapter 3 focuses on these responses in identical twin pairs
with discordant sexual orientations. Finally, differing intrauterine environments
during the early development could result in a discordant development of sexual
orientation in identical twins. This includes varied prenatal hormonal exposures
between twins. Chapter 4 highlights a putative biomarker of early hormonal exposure:
the ratio of index to ring finger length (2D:4D), within these twin pairs In
combination, findings suggested that these twins differed in many (but not in all)
correlates of their sexual orientation, suggesting non-genetic influences. However,
there were also subtle similarities within pairs that pointed to potential familial (e.g.,

genetic) influences.
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Author Note

Chapters 2 through to 4 of this thesis were written as independent pieces of
research, with the aim of being submitted as peer-reviewed manuscripts for
publications. As such, there is some overlap between chapters. For example, the
General Introduction gives an overview of the literature that motivated each study,
and therefore overlaps strongly with parts of the introductions provided in each
chapter (manuscript). Likewise, there are sections in each chapter’s methods that
necessarily have to be similar across chapters. Chapter 2 is currently under review in
Developmental Psychology; Chapter 3 is being prepared for submission to
Psychological Science; and Chapter 4 is being prepared for submission to Archives of
Sexual Behavior. Each of these journals conforms to APA formatting guidelines. In
addition, given that these are North American journals, some chapters use US English

rather than UK English as the default language.
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1.1 Motivation for Thesis

The present thesis investigates how genetically identical twins with discordant sexual
orientations differed in correlates of their sexual orientation in order to understand to what
degree non-genetic factors affect the formation of sexual orientation. Because identical twins
share 100% of their genes, factors other than genetics may contribute to any differences within
these pairs. This chapter gives an overview of the literature and the several correlates of sexual

orientation that are investigated across the different studies.

Gender nonconformity describes the way in which behaviour diverges from what is
considered gender stereotypical. That is, men who are more feminine, and less masculine, in
their behaviours and interests than most other men can be defined as gender nonconforming;
similarly, gender nonconforming women are more masculine and less feminine than most other
women (Lippa, 2005). Gender nonconformity is characteristic of a homosexual orientation in
both childhood (Bailey, Dunne, & Martin, 2000; Bailey & Zucker, 1995; Rieger, Linsenmeier,
Gygax, & Bailey, 2008) and adulthood (Lippa, 2005, 2008; Rieger et al., 2008; Rieger,
Linsenmeier, Gygax, Garcia, & Bailey, 2010). This co-development of sexual orientation and
gender nonconformity is not fully determined by an individual’s genes (Bailey et al., 2016).
Therefore, factors other than the genetic makeup must be important. Evidence for this comes
from pairs of identical twins who share all of their genes but differ with respect to their sexual
orientation and degree of gender nonconformity. In previous work, identical twins with
discordant sexual orientations have differed in their reported childhood gender nonconformity
(Bailey & Pillard, 1991). However, self-report may be prone to cognitive biases and distort
actual differences in gender nonconformity (Gottschalk, 2003). To avoid such limitations of self-
report, the present research measures gender nonconformity via observer ratings of photos from

childhood and adulthood.
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Similar to the above potential limitations about self-reported gender nonconformity, self-
report measures of sexual attraction and arousal may be prone to several biases in the context of
sexuality research (Friedman et al., 2004; Ragins, Singh, & Cornwell, 2007). The following
work therefore employs measures of attraction and arousal that did not rely on self-report. This
includes the measure of genital arousal and pupil dilation to sexual stimuli; measures that are
highly automatic and are not consciously controlled by the participants. In general, these
automatic measures point to robust sex differences and sexual orientation differences in sexual
attraction and arousal (Chivers, Rieger, Latty, & Bailey, 2004; Rieger et al., 2015; Rieger &
Savin-Williams, 2012a). For this reason they are employed to examine these patterns in

genetically identical twins with self-reported discordant sexual orientations.

Finally, because identical twins share 100% of their genes, factors other than genetics
likely influence the discordant development of their sexual orientations. Such factors could
include differing prenatal environments between twins, consisting of differences in exposure to
androgens during early development. In order to examine possible exposure levels to prenatal
androgens during early development that could have let to a discordant development of these
twins, the ratios of finger lengths (a putative marker of prenatal androgen exposure; (Grimbos,

Dawood, Burriss, Zucker, & Puts, 2010)) are examined in these twins.

The aforementioned studies are designed to independently assess the discordance of
sexual orientation in identical twins by using measures that do not rely on self-report and by
examining factors other than genetics. The present chapter introduces these three studies, which
form the basis of this PhD thesis. The chapter provides an introduction to the literature, which
motivated each study, in a way that demonstrates what insight can be gained from each study

regarding the discordant development of sexual orientation in identical twins.
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1.2 Gender Nonconformity of Identical Twins with
Discordant Sexual Orientations: Evidence from
Childhood Photographs

Masculinity and femininity refer to individual differences in gender-related traits and
behaviours that exist within each sex. That is, those aspects of gender that vary among men and
among women (Lippa, 2005). In this thesis, rather than using the words masculine and feminine,
the terms gender nonconforming and gender conforming are used. Men who are more feminine,
and less masculine, in their behaviours and interests than most men can be defined as gender
nonconforming; similarly, gender nonconforming women are more masculine and less feminine
than most women (Lippa, 2005). Gender nonconformity is more common in non-straight (gay
men who are exclusively attracted to males, lesbian women who are exclusively attracted to
females, and bisexual men and women who show equal attraction to males and females) than
straight men and women, and this difference emerges in early childhood (Bailey & Zucker,
1995; Lippa, 2008; Rieger et al., 2008). In addition, across several studies and across men and
women, genetic variations explain approximately 30% of the differences in sexual orientation
(Bailey et al., 2016). Furthermore, between 10% and 50% of the co-development of sexual
orientation with gender nonconformity is explained by genetic variations (Alanko et al., 2010;
Bailey et al., 2000; Burri, Cherkas, Spector, & Rahman, 2011).

Because genetically identical twins can differ in both their sexual orientations and their
degrees of gender nonconformity, sexual orientation and gender-related behaviour can not be
fully determined by genetics. By self-report, twins with discordant sexual orientations differ in
their gender nonconformity to a degree similar to unrelated straight and non-straight individuals
(Bailey & Pillard, 1991). However, self-reports may distort actual differences in gender
nonconformity (Gottschalk, 2003). The present study therefore examines whether identical twins
with discordant sexual orientations differed in their observable gender nonconformity by

evaluating photographs taken in childhood and adulthood. The present study further compares
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the differences in gender nonconformity between discordant twins to the difference between
twins from concordant straight pairs and twins unrelated to these, from concordant non-straight
pairs. Finally, this study also examines how social reactions from parents and peers during
childhood related to the gender nonconformity of these twins, in order to understand whether
some twins, more than others, may have been discouraged or encouraged to be gender

nonconforming (and, eventually, non-straight).

1.2.1  Gender Nonconformity And Sexual Orientation

Research suggests that on average, pre-homosexual children (children who later become
homosexual adults) show more gender-nonconforming behaviours than pre-heterosexual
children (Bailey et al., 2000; Bailey & Zucker, 1995; Rieger et al., 2008). That is, it has been
empirically shown that pre-homosexual children tend to display behaviour typically associated
with the opposite sex, including more frequent play with toys aimed at the opposite sex, higher
instances of cross-dressing, sex-atypical levels of aggression and identifying more closely with
the opposite sex (Bailey & Zucker, 1995). These effects were large, d = 1.31, 0.45 <95% CI <

3.08, and d = 0.96, 0.26 < 95% CI < 1.66, for boys and girls respectively.

This early-established pattern of gender behaviour during childhood persists into
adulthood, with non-straight adults identified as being more gender nonconforming than their
straight peers, on average. That is, non-straight men and women report more gender-
nonconforming behaviors and interests, on average, than straight adults of their sex (Lippa,
2008; Rieger et al., 2010; Swift-Gallant, Coome, Monks, & VanderLaan, 2017). In one meta-
analysis, gay men reported more feminine and less masculine interests and self-concepts in
adulthood than straight men; lesbians reported more masculine and less feminine interests and
self-concepts than straight women (Lippa, 2005). These effects were also large, 1.28 <d’s <

1.46, 1.18 <95% CI < 1.56, and 0.60 <d’s < 1.28, 0.50 <95% CI < 1.38, and, .28 <d’s < 1.46,
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1.18 <95% CI < 1.56, respectively. It is worth noting that although gender nonconformity and a
non-straight sexual orientation are reliably linked, on average, not all gender nonconforming
children identify as same-sex oriented in adulthood (Green, 1987; Singh, 2012; Steensma, van
der Ende, Verhulst, & Cohen-Kettenis, 2013). That is, the discussed effects only apply in

general, and not to every individual.

However, the majority of previous research on gender nonconformity and sexual
orientation has been conducted retrospectively, relying solely on the use of self-report measures
to investigate the relationship between these traits. Self-report measures in the context of such
research are likely to be subject to biases in recall and memory distortions (Baumrind, 1995;
Gottschalk, 2003). For example, non-straight men and women may overstate the extent to which
they were gender-nonconforming children, whereas straight men and women are likely to
understate their childhood gender nonconformity; these biases could emerge because
retrospective judgements may be prone to sexuality-specific social norms present in adulthood

for or against reporting gender nonconformity during childhood (Ross, 1980).

One way to address the limitations of retrospective work is to conduct prospective
research. Studies have followed children who were referred to clinics due to extreme levels of
gender nonconformity and concern over their gender identity. In adolescence and adulthood,
these groups were substantially more likely to identify as bisexual, gay or lesbian, compared
with individuals who were not gender nonconforming in childhood (Drummond, Bradley,
Peterson-Badali, & Zucker, 2008; Green, 1985; Singh, 2012). One needs to be cautious
regarding whether findings from clinical samples represent the relationship between these
variables for most people. However, two longitudinal studies, using data from the general
population, confirm that early gender-nonconforming behaviours (as early as 3 to 4 years old)
predict a same-sex orientation in adolescence or adulthood (Li, Kung, & Hines, 2017; Steensma,

van der Ende, Verhulst, & Cohen-Kettenis, 2013). Such population-based, longitudinal work
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involves many logistical challenges. It takes years to conduct, needs hundreds of participants to
capture enough with same-sex orientations, and can have substantial attrition rates. An
alternative method is the assessment of gender nonconformity retroactively through the
evaluation of behaviour depicted in visual images from childhood. This method is free of the
limitations of self-report (because it does not rely on subjective accounts), clinical samples
(because it draws from a wider population), and longitudinal studies (because it does not take
years to conduct). Research using this method also suggests that differences in observable gender
nonconformity are predictive of an adulthood sexual orientation from ages 3 to 4 years onwards
(Rieger et al., 2008). That is, for both males and females, pre-homosexual children were rated as
more gender nonconforming, on average, than pre-heterosexual children from age 3 or 4, and

this difference carried into adulthood.

1.2.2 Identical Twins Discordant for Sexual Orientation

Identical twins are considered to be genetically identical (McGue, Osler, & Christensen,
2010). Despite their genetic similarity, identical twins can show phenotypic discordance with
respect to a range of medical, physiological, and psychological conditions such as Type 2
diabetes (Vaag, Henriksen, Madsbad, Holm, & Beck-Nielsen, 1995), obesity (Marniemi et al.,
2002; Ronnemaa, Karonen, Rissanen, Koskenvuo, & Koivisto, 1997) and schizophrenia
(Hobson, 1964; Mosher, Pollin, & Stabenau, 1971). An additional trait for which twins can be

discordant is sexual orientation (Bailey et al., 2000; Whitam, Diamond, & Martin, 1993).

Across several representative samples, and across men and women, this concordance rate
was estimated as 24% (Bailey et al., 2016). That is, about 24% of non-straight twins had a twin
who was non-straight too. In contrast, when considering the population as a whole, the

occurrence of a non-straight sexual orientation is approximately 3.5% across both sexes,
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although other estimates suggest 7% in men, and 13% in women (Gates, 2011; Savin-Williams
& Vrangalova, 2013). Thus, the chance of a same-sex orientation for co-twins of non-straight
twins is higher than that reported for the general population. This suggests that familial factors,
such as shared genetic factors, may be influential in the expression of homosexuality in related
individuals (Sanders et al., 2014). In addition, because a substantial proportion (around 76%) of
identical twins who are non-straight have straight co-twins (Bailey et al., 2000), factors other
than their genes must account for their different sexual orientations. These factors could, in

theory, also affect a correlate of sexual orientation, their degree of gender nonconformity.

1.2.3  Differences in Gender Nonconformity within Discordant
Twin Pairs

Although differences in sexual orientation have been reported in identical twin pairs
(Bailey et al., 2016), twins in these pairs have rarely been systematically compared with respect
to their gender nonconformity. In one study of male pairs with discordant sexual orientations,
non-straight twins reported more childhood gender nonconformity than their straight co-twins.
The average difference was similar to that for unrelated non-straight and straight men,
suggesting substantial environmental (unique, non-genetic) effects on the link of sexual
orientation with gender nonconformity (Bailey & Pillard, 1991). However, this finding is subject
to the potential limitations of retrospective self-reports. Self-reported childhood gender
nonconformity was also assessed in female identical twins with discordant sexual orientations,
but no information was given on their differences or how they compared to unrelated straight
and non-straight women (Bailey, Pillard, Neale, & Agyei, 1993).

To avoid the drawbacks of self-report, the present study investigates possible differences
in the childhood gender nonconformity of discordant twins by examining visual images from

their childhoods. For unrelated individuals, sexual orientation differences in observable gender
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nonconformity, based on evaluations of visual images, emerge by ages 3 to 4 and carry into
adulthood (Rieger et al., 2008). If twins with discordant sexual orientations are like unrelated
straight and non-straight individuals, then differences in their observable gender nonconformity

could emerge at ages 3 to 4, and remain present in adulthood (Hypothesis 2.1).

1.2.4  Correlation of Gender Nonconformity within Discordant
Twin Pairs

Familial influences on the expression of a trait may include genetic or shared
environmental factors. Of these two, the influences of genetic factors on gender behaviour and
sexual orientation have received stronger support in most behavioural genetics studies (Bailey &
Bell, 1993; Bailey et al., 2000; Burri et al., 2011; Kendler, Thornton, Gilman, & Kessler, 2000;
Kirk, Bailey, & Martin, 2000; Langstrom, Rahman, Carlstrém, & Lichtenstein, 2010), although
shared environmental influences on the expression of gender behaviour have been substantial in
other research (Iervolino, Hines, Golombok, Rust, & Plomin, 2005; Knafo, Iervolino, & Plomin,
2005). Whichever the exact familial influences are (shared genes and/or shared environment),
they could affect the co-development of gender nonconformity in related individuals. Further,
both straight and non-straight individuals vary in their degree of gender nonconformity; some
score high relative to others of their sexual orientation, others score low (Rieger et al., 2010).
These variations could be linked in related individuals. That is, familial influences could
contribute to related levels of gender nonconformity, even in twins with discordant sexual
orientations. A non-straight twin who scores high on gender nonconformity, relative to other
non-straight individuals, may have a straight co-twin who scores high on gender nonconformity,
relative to other straight individuals. This would result in a correlation in the twins’ gender

nonconformity, even if they differed on average in their gender nonconformity.
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Previous research has investigated the possibility that identical twins with discordant
sexual orientations have related levels of gender nonconformity. Although a correlation in
gender nonconformity was found in twins with concordant homosexual orientations, this
hypothesis was not confirmed in discordant twins (Bailey & Pillard, 1991; Bailey et al., 1993). It
is possible that there is, indeed, no relationship. Alternatively, failure to find evidence for this
correlation in discordant twin pairs this may have been partly due to the sole reliance on self-
report measures of gender behaviour, which are vulnerable to social desirability and other
psychometric issues including recall biases and memory distortions (Baumrind, 1995;
Gottschalk, 2003). Thus, in the present study, measures of gender nonconformity will include
both self-report measures and observer ratings of gender behaviour from photos and videos from
childhood and adulthood. By gaining potentially more reliable and valid indicators of gender
nonconformity, it may become possible to detect a correlation in levels of gender nonconformity

within discordant twin pairs (Hypothesis 2.2).

1.2.5 A Comparison of Discordant and Concordant Twin Pairs

A parsimonious model assumes that differences in gender nonconformity within twin
pairs with discordant sexual orientations are as strong as those between unrelated individuals
with different sexual orientations. Self-report measures support this hypothesis (Bailey & Pillard,
1991). However, it is also possible that due to shared influences between twins of a pair,
differences in gender nonconformity within discordant twin pairs may be less distinct than those
seen between unrelated straight and non-straight individuals. The present study examines this
possibility by comparing discordant twins to identical twin pairs with concordant straight sexual
orientations and identical twin pairs unrelated to them with concordant non-straight sexual
orientations. Because being an identical twin is held constant across participants, any differences

across twin types could be more easily interpreted with respect to the twins’ similar or dissimilar
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sexual orientations. It is proposed that a difference in observable gender nonconformity within
discordant twin pairs could be smaller than the analogous difference between concordant non-
straight twins and unrelated concordant straight twins (Hypothesis 2.3). It is further examined
whether, as previously reported based on self-reports, the correlation in gender nonconformity is
weaker in discordant twin pairs than concordant twin pairs (Bailey & Pillard, 1991; Bailey et al.,
1993). Unlike self-reports with their possible biases, it is predicted that observer ratings might

show similar correlations in gender nonconformity across twin types (Hypothesis 2.4).

1.2.6 Responses to Gender Nonconformity

Several studies suggest that gender-nonconforming children experience negative
reactions and rejection from others (Caldera, Huston, & O'Brien, 1989; Carter & McCloskey,
1983; Fagot, 1985; Langlois & Downs, 1980; Maccoby, 1998; Smith & Leaper, 2006). Peers can
react negatively to gender nonconformity, and boys are especially critical about gender
nonconformity in other boys (Wallien, Veenstra, Kreukels, & Cohen-Kettenis, 2010; Young &
Sweeting, 2004). Similarly, parents can be more detached and unsupportive if their children are
gender nonconforming (Alanko et al., 2009; Landolt et al., 2004). There are exceptions to these
reactions. In one study on very feminine boys, who likely became non-straight, the most
feminine boys had mothers who responded less negatively, if not more positively, to their sons’
gender nonconformity (Green, 1987). However, the overall conclusion across research is that
more gender-nonconforming children experience more negative reactions (Alanko et al., 2011).
One possibility is that the child’s gender nonconformity causes the parents’ reactions. It is also
possible that gender nonconformity and negative parental reactions reinforce each other; for
example, parents may punish their child for such behaviours, and because punishment means
attention, the child may feel encouraged to continue these behaviours (Alanko et al., 2011). That

is, the child might further engage in gender nonconforming behaviours because of the attention
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they bring (Chance, 2009 as cited in Alanko et al., 2011). This notion is in line with the concept
of learning as proposed by the social cognitive theory (Blakemore, Berenbaum, & Liben, 2009
as cited in Alanko et al., 2011).

Furthermore, because childhood gender nonconformity predicts adulthood gender
nonconformity, adulthood gender nonconformity is also linked to past rejection from others
(Rieger et al., 2008). It is therefore expected that in twins, higher levels of gender nonconformity

in childhood and adulthood would relate to recall of increased rejection (Hypothesis 2.5).

1.2.7 Study 1

Study 1 investigates the development of gender behaviour in identical twins to illuminate
possible non-genetic and familial influences on the expression of sexual orientation. Twin pairs
with either discordant or concordant sexual orientations are recruited and their degree of
observable gender nonconformity is examined via evaluations of photographs taken in childhood
and adulthood. Twins also report their degree of gender nonconformity in childhood and
adulthood and the reactions from others during childhood.

The following hypotheses are tested:

Hypothesis 2.1. Within discordant twin pairs, the non-straight twin is more gender
nonconforming than the straight co-twin. Using observer ratings of their photographs, this
difference might emerge by ages 3 or 4.

Hypothesis 2.2. For discordant twin pairs, the degree of observer-rated gender
nonconformity of non-straight twins correlates with the degree of gender nonconformity of the
straight co-twins.

Hypothesis 2.3. The difference in observer-rated gender nonconformity within
discordant twin pairs is smaller than the analogous difference between concordant non-straight

twins and unrelated concordant straight twins.
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Hypothesis 2.4. The correlation of observer-rated gender nonconformity within
discordant twin pairs is similar to this correlation within concordant twin pairs.
Hypothesis 2.5. Across discordant and concordant twins, higher levels of gender

nonconformity relate to recall of increased rejection by others.

1.3 Physiological Sexual Arousal of Identical Twins with
Discordant Sexual Orientations

The review above suggests that identical twins with discordant sexual orientations might
be less different in their degree of gender nonconformity when using measures that do not rely
on self-report. In a similar manner, measures of physiological sexual arousal could reveal more
than self-report about how different identical individuals with different sexual orientations
actually are. Physiological measures of an individuals’ sexual response are based on automatic
responses. Thus, the following study investigates patterns of sexual arousal within these pairs
based on physiological measures of an individuals’ sexual response, which include genital
arousal and pupil dilation to sexual stimuli (Chivers et al., 2004; Rieger et al., 2015; Rieger &

Savin-Williams, 2012a).

As indicators of sexual orientation, pupil dilation and genital response to sexually explicit
stimuli have been assessed both independently (Chivers et al., 2004; Rieger & Savin-Williams,
2012a) and simultaneously (Rieger et al., 2015). On average, measures of genital arousal
correspond with an individual’s self-reported sexual orientation, particularly for men (Chivers,
2005; Chivers et al., 2004; Huberman & Chivers, 2015; Rieger et al., 2015; Suschinsky,
Lalumiere, & Chivers, 2009). Likewise, in men more so than in women, pupils become more
dilated in response to sexual stimuli corresponding with an individual’s self-reported sexual
orientation (Hess & Polt, 1960; Hess, Seltzer, & Shlien, 1965; Rieger et al., 2015; Rieger et al.,

2013; Rieger & Savin-Williams, 2012a). In addition, measures of pupil dilation and genital
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response correspond with each other and with self-reported sexual attraction to stimuli, but more
strongly so in men than in women (Rieger et al., 2015). The following sections include a review
of research that has employed either or both of these measures and explain how these will be

used within the context of the twin research design.

1.3.1 Sexual Orientation And Genital Arousal

Gentital arousal is influenced by the activation of the autonomic nervous system that
regulates vasocongestion in the genital regions and is unlikely to be in the conscious control of
participants (Levin & Riley, 2007; Meston, 2000; ten Donkelaar, Némcova, Lammens, Overeem,
& Keyser, 2011; Weiss, 1972). In their genital arousal, the majority of men display category-
specific responses with exclusive arousal to the sex that corresponds with their self-reported
sexual orientation (Chivers et al., 2004; Chivers, Seto, & Blanchard, 2007; Rieger et al., 2015;
Rieger et al., 2013; Sakheim, Barlow, Beck, & Abrahamson, 1985). That is, straight men almost
exclusively respond to females over males whereas gay men respond almost exclusively to males
over females. Bisexual men show a more variable pattern of arousal, but respond on, average,
more like gay men than straight men (Rieger et al., 2015; Rieger & Savin-Williams, 2012a).

In women, genital responses correspond less consistently with self-reported sexual
orientation, compared with men. This is so because straight, bisexual and lesbian women show
substantial genital arousal to both male and female sexual stimuli. One qualification of this
pattern is that lesbians and bisexual women show marginally more genital response to females
over males, whereas approximately equal arousal to both sexes is detected in straight women
(Chivers et al., 2007; Rieger, Savin-Williams, Chivers, & Bailey, 2016). In this sense, non-
straight women appear to be more male-typical than other women, responding in a way that is
consistent with self-reported sexual orientation usually seen in men. However, independent of

these differences between specific sexual orientation groups, the overall relationship between
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genital response and self-reported sexual orientation is much stronger in men than in women,
because, as discussed, women are more likely to respond to both sexes (Chivers, 2005; Chivers
et al., 2007; Rieger et al., 2015; Rieger & Savin-Williams, 2012a).

Sex-specific evolutionary selection pressures have been proposed to explain sex
differences in patterns of sexual arousal (Baumeister, 2000; Suschinsky & Lalumiere, 2011). For
instance, Baumeister (2000) argued that the sexes evolved to differ in their sexual responsiveness
as an adaptation to the sexual behaviour of the other sex. One hypothesis related to this proposal
is that sexual response has different biological functions for men and women (Chivers et al.,
2007). For men, an important function is to facilitate erection and penetration; for women, to
facilitate lubrication and prevent genital injury in case of penetration. Indirect support for the
hypothesised function of female arousal is derived from both cross-species and cross-cultural
comparisons. Forced copulation in several species (Galdikas, 1985, McKinney et al., 1983;
Thornhill, 1980) and in most human societies (Palmer, 1989; Sanday, 1981) indicate that it may
have occurred throughout human evolution (Thornhill & Thornhill, 1983). Because forced
copulation can lead to genital trauma (Slaughter et al., 1997), the female response to any sexual
stimulus may have evolved in part to mitigate this risk. Anecdotally, several women who have
been raped reported that they have experienced arousal and lubrication, even though intercourse

was forced and without consent (Chivers et al., 2004; Chivers et al., 2007).

When proposing evolutionary hypotheses for sex differences in sexual arousal, the focus
is on heterosexual men and women. The vast majority of people are heterosexual (Savin-
Williams et al., 2012; Laumann et al., 1994), and a sexual orientation towards the other sex is
likely promoted by evolutionary mechanisms; thus, a focus on heterosexual individuals is
justified. From an evolutionary perspective, exclusive homosexuality as found in humans is a
conundrum. Some research has suggested that, at least in men, the decreased fecundity of

homosexual males is counter-balanced by the increased fecundity of their relatives (Rieger et al.,
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2012). Why such a balancing mechanism might exist and how it would relate to general sex

differences in attraction and arousal is still unknown.

Research assessing genital arousal provides important insight into the different ways in
which men and women respond to sexual stimuli. However, an alternative measure of arousal,
which is considered less invasive, measures the response of another organ common to both men

and women: the eye.

1.3.2  Sexual Orientation And Pupillary Response

Pupil dilation reflects activation of the autonomic nervous system (Bradley, Miccoli,
Escrig, & Lang, 2008; Lang & Bradley, 2010). The autonomic nervous system is also linked
with several automatic processes including blood pressure, heart rate, respiration, erection in
men and vaginal vaso-congestion in women (Levin & Riley, 2007; Meston, 2000; ten Donkelaar
etal., 2011; Weiss, 1972). In addition, pupil dilation reflects automatic responses that indicate an
elevated interest in stimuli, including sexual stimuli (Hess & Polt, 1960; Hess et al., 1965;

Rieger & Savin-Williams, 2012a).

Pupils become more dilated in response to sexual stimuli corresponding with an
individual’s self-reported sexual orientation (Hess & Polt, 1960; Hess et al., 1965; Rieger et al.,
2015; Rieger et al., 2013; Rieger & Savin-Williams, 2012a); although this relationship pattern
appears to be stronger in men than in women (Rieger et al., 2015; Rieger & Savin-Williams,
2012a). This sex difference in effect is comparable to the sex difference in genital response to
sexual stimuli (Chivers et al., 2004; Huberman & Chivers, 2015; Rieger et al., 2015).
Furthermore, within each sex, patterns of pupil dilation in response to sexual stimuli are
comparable to those of genital response patterns (Rieger et al., 2015). In men, sexual orientation

corresponds strongly with pupil dilation to sexual stimuli of the same sex or opposite sex;
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straight men show increased pupillary response to stimuli showing the opposite sex as compared
to non-straight men who show increased pupil dilation to the same sex (Rieger et al., 2015;
Rieger & Savin-Williams, 2012a). In women, sexual orientation is weakly related to their sexual
responses because women show increased pupillary response to both sexes (Rieger et al., 2015;
Rieger & Savin-Williams, 2012a). One exception is that, similarly to their genital responses,
lesbians show a slightly stronger pupil response to females over males. They are therefore
displaying a more male-typical pattern of dilation, similar to what has been described for their

genital arousal patterns (Rieger et al., 2015).

1.3.3 Sexual Arousal within Discordant Twin Pairs

To summarise the above, in their genital arousal and pupil dilation, the majority of men
display arousal that is consistent with their self-reported sexual orientation (Chivers et al., 2004;
Chivers et al., 2007; Rieger et al., 2015; Rieger et al., 2013; Sakheim et al., 1985). In women,
these sexual responses (either genital arousal or pupil dilation) correspond less consistently with
self-reported sexual orientation, compared with men. This is so because straight and non-straight
(lesbian or bisexual) women show substantial sexual arousal to both male and female sexual
stimuli. One qualification of this pattern is that non-straight women show marginally more
genital response to females over males, whereas no preference is detected in straight women

(Chivers et al., 2007; Rieger et al., 2016).

If the responses of identical twins with discordant sexual orientations are like those of
unrelated individuals, then, within male twin pairs, straight male twins will show substantially
stronger genital arousal and pupil dilation to female than male sexual stimuli and their non-
straight co-twins will display stronger responses to male than female stimuli (Hypothesis 3.1).

Within female twin pairs, it is hypothesised that straight and non-straight female twins will show
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similar response to male and female stimuli; however, lesbians may show somewhat stronger

responses to females than males (Hypothesis 3.2).

1.34 Correlation of Sexual Arousal Within Discordant Twin
Pairs

Based on previously observed patterns of sexual arousal in males and females, a simple
model assumes that identical twins with discordant sexual orientations differ in their arousal in
much the same way as unrelated individuals. However, there could be familial, if not genetic,
effects on sexual arousal, which yield similar responses in sexual arousal across twins, even
though they differ with respect to their sexual orientations. For instance, identical twins are more
likely to be similar on several measures of autonomic response, including vasomotor persistence
time and respiration than siblings who are not twins and unrelated individuals. Thus, an
“autonomic constitution” may be partly accounted for by genetics (Jost & Warren Sontag, 1944;
Piha, Ronnemaa, & Koskenvuo, 1994). Because pupillary and genital responses reflect activity
of the autonomic nervous system (Bradley et al., 2008; Lang & Bradley, 2010; ten Donkelaar et
al., 2011), and if such activity is partly driven by genetic influences (Piha et al., 1994), one might
expect that within pairs of identical twins discordant for sexual orientation, average differences
in sexual arousal may be reduced, compared with such arousal patterns of unrelated straight and

non-straight individuals.

Further, regardless of any average differences between these twins, there may exist a
correlation in the twins’ sexual response. This could be conceptualised in two different ways.
Firstly, the straight twin could show a correlation to his or her non-straight co-twin in the
magnitude to his or her sexual response to their preferred sex. That is, straight twins who
respond more strongly to the other sex than the same sex (as compared to other straight

individuals) may have non-straight co-twins who respond more strongly to the same sex than the
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other sex (as compared to other non-straight individuals (Hypothesis 3.3). That pattern would
create a correlation of arousal to the other sex over the same sex in straight twins with arousal to

the same sex over the other sex in non-straight twins.

Alternatively, there may be a correlation in the twins’ degree of sexual arousal to one sex
over the other. That is, straight twins, who have non-straight co-twins who respond more
strongly to the same sex than the other sex (as compared to other non-straight individuals), may
also respond more strongly to the same sex than the other sex (as compared to other straight
individuals (Hypothesis 3.4). That pattern would create a correlation of arousal to the same sex
over the other sex in straight twins with arousal to the same sex over the other sex in non-straight
twins. This could point to a predisposition for traits associated with homosexuality within the

straight twin.

1.3.5 Study 2

Study 2 investigates differences in sexual arousal within identical twins with discordant
sexual orientations by measuring their genital arousal and pupil dilation to explicit sexual
stimuli. In sum, the following hypotheses are tested:

Hypothesis 3.1. In male pairs, straight twins will show substantially more sexual arousal
to females over males, whereas their non-straight co-twin shows show substantially more sexual

arousal to females over males.

Hypothesis 3.2. In female pairs, straight twins will be similar to their non-straight co-
twins in their response to male and female sexual stimuli; however, lesbians may show

somewhat stronger responses to females than males.
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Hypothesis 3.3. Straight twins who respond more strongly to the other sex than the same
sex (as compared to other straight individuals) may have non-straight co-twins who respond

more strongly to the same sex than the other sex (as compared to other non-straight individuals).

Hypothesis 3.4. Alternatively, straight twins, who have non-straight co-twins who
respond more strongly to the same sex than the other sex (as compared to other non-straight
individuals), may also respond more strongly to the same sex than the other sex (as compared to

other straight individuals).

1.4 Hormonal Influences on the Co-Development of
Gender Non-Conformity And Sexual Orientation

Given that approximately one-third of identical twins rely on independent placentas
(Patterson, 2007), and that the placenta may sometimes fail to inhibit the transfer of testosterone
from mother to fetus (Hines et al., 2002), it is feasible that in those twin pairs, in which each
sibling has an independent placenta, each twin is exposed to different levels of prenatal
androgens from the maternal system. Such a factor could be relevant for the development of
discordant sexual orientations in identical twins, given that exposure to atypical levels of
prenatal androgen potentially increases the likelithood of a same-sex sexual orientation (Hines,
2011). Prenatal androgens, including testosterone, also affect the formation of female-typical and
male-typical anatomy, including sex-specific finger length ratios (Zheng & Cohn, 2011). These
finger length ratios, referred to as 2D:4D, are the length of the second finger divided by the
length of the fourth finger and are putative biomarkers of exposure to prenatal androgens.
Women have, on average, higher 2D:4D ratios than men, indicating that they are exposed to
lower levels of testosterone in utero than men (see meta-analysis by Grimbos et al., 2010).

Further, 2D:4D may be an indicator of early androgen exposure relating to future sexual
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orientation (Breedlove, 2010; Grimbos et al., 2010; Hall & Love, 2003; Hines, 2011; Pasterski et
al., 2015; Putz, Gaulin, Sporter, & McBurney, 2004; Rahman & Wilson, 2003¢c; Williams et al.,
2000). At least in females, the finger length ratios of non-straight (bisexual or lesbian) women
are more male-typical than the finger length ratios of straight women (Grimbos et al., 2010).
Moreover, identical female twins with discordant sexual orientations can differ in their 2D:4D in
a manner consistent with the hypothesis that the non-straight twin was exposed to higher levels
of prenatal androgens; for male pairs the hypothesised reversed pattern (whereby the non-straight
twin is exposed to lower levels of prenatal androgens) is less clear (Hall & Love, 2003; Hiraishi,
Sasaki, Shikishima, & Ando, 2012). In this study, it is investigated whether these patterns could
be replicated in a much larger sample of identical twins than have been previously studied, to
test the hypothesis that prenatal androgens influence the discordant development of sexual

orientations in identical twins.

1.4.1 Prenatal Androgen Exposure

Research focus has been given to the possibility that sexual orientation for both men and
women are predetermined during the intrauterine period, partly via exposure to prenatal
androgens including testosterone (Balthazart, 2011; Bao & Swaab, 2011; Hines, 2011; Hines et
al., 2002; Rahman, 2005; Rahman & Wilson, 2003a; Rahman & Wilson, 2003c¢). Fetal gonads,
the structure of which may be at least partly determined by genetic factors, are the primary
source of prenatal androgens in males. In comparison to the male fetus, the gonads of the female
fetus produce only very small amounts of prenatal androgens, and the adrenal glands are the
main source (Hines et al., 2002). A further source of prenatal testosterone for the fetus is the
maternal system. That is, testosterone may be passed from the mother onto a developing fetus
(Hines, 2011; Hines et al., 2002). The placenta normally provides some level of protection from

this hormonal transfer, but there may be instances in which it fails (Hines et al., 2002). Such
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failure yields higher exposer of the fetus to maternal testosterone. In sum, there are different
sources of testosterone, including gonads, adrenalin glands, and the mothers’ hormonal system,

all of which can contribute to the level of androgenisation of the fetus.

Given that approximately one-third of identical twins rely on independent placentas
(Patterson, 2007), it is feasible that, in those twin pairs in which each sibling has an independent
placenta, each twin is exposed to different levels of prenatal androgens from the maternal
system. Furthermore, because identical twins share 100% of their genes, they are likely to share
the same genetic factors that influence gonadal and adrenal androgen levels. Thus, any
differences in the levels of exposure to prenatal androgens within pairs of identical twins
possibly result from differences in the makeup of their placenta, which may fail to protect one or
both foetuses from hormonal transfer from the maternal system. Together, these factors may
impact the discordant development of sexual orientation in pairs of identical twins. In males, it is
possible that those who were exposed to lower levels of testosterone in utero are more feminized
and more likely to develop a non-straight sexual orientation as compared to those who are
exposed to higher levels of prenatal testosterone. In females, it is possible that those who were
exposed to higher levels of prenatal testosterone are also more masculinized and more likely to

develop a non-straight sexual orientation.

1.4.2  Prenatal Hormones And Finger Length Ratios

The finger digits develop at a time in prenatal development during which the circulation
of androgens affects the masculinization of morphology and tissue, including human genitals
(Hines, 2011; van Anders, Vernon, & Wilbur, 2006). It is therefore likely that the presence of
androgens has an impact on the development of the finger length (Hines, 2011; van Anders et al.,

2006). All correlational studies in humans, experimental studies in animals, and theoretical
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reviews on this topic point to the possibility that finger length is sensitive to prenatal androgen
exposure (Breedlove, 2010; Grimbos et al., 2010; Hines, 2011; Manning, Kilduff, Cook,
Crewther, & Fink, 2014; Manning, 2011; Putz et al., 2004; Williams et al., 2000; Zheng & Cohn,

2011).

The mechanism for the action of androgens, including testosterone, on the growth of the
finger digits and genitals is likely through the expression of Homeobox (Hox) genes (Cohen-
Bendahan, van de Beek, & Berenbaum, 2005; Kondo, Zakany, Innis, & Duboule, 1997). Hox
genes influence the formation of a number of body structures including the limbs during early
embryonic development (Kondo et al., 1997). Testosterone regulates the expression of Hox

genes, and in this way, has an indirect effect on the growth of finger digits (Kondo et al., 1997).

The ratio of the length of the second finger digit (index finger) to that of the fourth digit
(ring finger), known as the 2D:4D ratio, provides one indication of exposure levels to prenatal
testosterone. In particular, testosterone influences the growth of the fourth finger digit
(Breedlove, 2010; Grimbos et al., 2010; Hines, 2011; Manning et al., 2014; Manning, 2011; Putz
et al., 2004; Williams et al., 2000; Zheng & Cohn, 2011). Exposure to high levels of testosterone
in utero, is likely to result in a longer fourth finger digit relative to the index finger, resulting in a
lower ratio, which is calculated by dividing the length of the 2™ digit by the length of the 4™
digit. Men have smaller 2D:4D ratios than women, indicating that men are exposed to higher
levels of testosterone in utero than women (Breedlove, 2010; Grimbos et al., 2010; Hines, 2011;

Putz et al., 2004; Williams et al., 2000).

As reviewed in the following sections, the 2D:4D ratio, and as such levels of prenatal
androgen and prenatal estrogen, may not only differ by sex but can also be a significant predictor
of sexual orientation (Breedlove, 2010; Grimbos et al., 2010; Hall & Love, 2003; Hines, 2011;

Putz et al., 2004; Rahman & Wilson, 2003c; Williams et al., 2000).
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1.4.3 2D:4D And Sexual Orientation

Women of a non-straight sexual orientation show a more masculinised or lower 2D:4D
ratio in comparison to straight women (Grimbos et al., 2010; Hines, 2011; Putz et al., 2004;
Rahman & Wilson, 2003¢). In addition, lesbians who report themselves as “butch” tend to have
lower or more masculinized finger length ratios than those describe themselves as “femme”
(Brown, Finn, Cooke, & Breedlove, 2002a). A further example of the effect of exposure to
elevated levels of testosterone in early foetal development comes from cases of Congenital
Adrenal Hyperplasia (CAH) in women. Due to a genetic condition, women with CAH are
exposed to unusually high levels of testosterone during their intrauterine period (Berenbaum,
1999; Berenbaum & Bailey, 2003). Females with CAH display a lower, or more masculinized,
2D:4D ratio on the right hand, than females without CAH (Brown, Hines, Fane, & Breedlove,
2002b). In adulthood, women with CAH are also more likely to identify as non-straight than
typically developed women (Dittmann, Kappes, & Kappes, 1992). Thus, non-straight women
may be exposed to elevated levels of prenatal androgens, including testosterone, as compared
with straight women. In one meta-analysis, non-straight women had lower or more masculine
2D:4D in the right and left hand than unrelated straight women (Grimbos et al., 2010). These
effects were small to medium, .23 < Hedges g’s < .29, .04 <95% CI < .51.

Compared to research on women, research investigating the relationship between the
2D:4D ratio and sexual orientation in men has been far less consistent (Grimbos et al., 2010),
even when very large samples (over 200,000 individuals) were studied (Collaer, Reimers, &
Manning, 2007). Although hypothesised relationships between 2D:4D ratios and sexual
orientation in men have been confirmed in some studies (Lippa, 2003; McFadden & Shubel,
2002), other research has failed to replicate such findings or has even found the opposite pattern

of results (Grimbos et al., 2010). For instance, samples of biological males with Complete
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Androgen Insensitivity Syndrome (CAIS), which renders them completely unresponsive to
androgens during development, are more likely to be attracted to men (Hines, Ahmed, &
Hughes, 2003) and show a more female-typical 2D:4D ratio than control males (Berenbaum,
Bryk, Nowak, Quigley, & Moffat, 2009). In a meta-analysis, when comparing non-straight and
straight men, no difference was detected in 2D:4D in the left or right hand, g for either hand = -
.02, -17 <95% CI < .13 (Grimbos et al., 2010). Thus, in general, the hypothesized link between
2D:4D and sexual orientation appears more inconsistent for males than females.

If a relationship between finger length ratios and sexual orientation in men exists at all, it
may therefore be, smaller than the corresponding effect for women. Hence, compared with the
effect for females, the effect for males might be more prone to measurement error. If so, this
effect might be better detected in a more controlled research design than those previously
employed, such as by comparing identical twins discordant for sexual orientation. By comparing
genetically identical individuals who differ with respect to their sexual orientation, one might
therefore have more statistical power to detect reliable effects, even if they are small in

magnitude.

1.4.4 Differences in 2D:4D within Discordant Twin Pairs

Previous research supports the hypothesis that discordant female twins are exposed to
different prenatal environments (Hall & Love, 2003; Hiraishi et al., 2012). In seven pairs of
female identical twins with discordant sexual orientations, the non-straight female twins showed
a significantly lower 2D:4D ratio than their straight co-twins on both hands (Hall & Love, 2003).
This effect was partially replicated in another study with eight female pairs with discordant
sexual orientation: The non-straight twins had a lower, or more masculinized, 2D:4D ratio on

their left hand than their straight co-twins, suggesting stronger exposure to prenatal androgen for
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the non-straight twin than her straight co-twin; however, a similar effect was not found in the
right hand (Hiraishi et al., 2012).

Within four male pairs, those who identified as non-straight had significantly higher or
more feminized left hand 2D:4D ratios than their straight co-twins (Hiraishi et al., 2012).
Because a higher 2D:4D ratio is more typical in females, a potential hypothesis is that the non-
straight twin has been exposed to a lower level of prenatal testosterone than his straight co-twin.

If such effects can be replicated in the present sample of twins, then, within female pairs,
the non-straight twin will display a lower 2D:4D ratio than her straight co-twin (Hypothesis 4.1).
In male pairs, the non-straight twin will display a higher 2D:4D ratio than his straight co-twin
(Hypothesis 4.2). It was further tested whether such effects were stronger in the left or right

hand.

1.4.5 Sex Differences in 2D:4D

In addition to sexual orientation differences, the present research examined sex
differences in 2D:4D. Because finger digits develop at a time in prenatal development during
which the circulation of androgens affects the development of male-typical and female-typical
anatomy, morphology and tissue it is possible that the presence of androgens has an impact on
the development of male-typical and female-typical finger length (Hines, 2011; van Anders et
al., 2006). Elevated testosterone exposure in utero influences the growth of the fourth finger
digit. This should result in a longer fourth finger digit relative to the index finger, and a lower
second to fourth finger length ratio in most males, as compared with most females (Breedlove,
2010; Grimbos et al., 2010; Hines, 2011; Manning et al., 2014; Manning, 2011). In fact, on
average, women have higher 2D:4D ratios than men, in the left and right hand, p <.001, g = .44,
and p <.001, g = .55, indicating that women are exposed to lower levels of testosterone in utero

than men (Breedlove, 2010; Grimbos et al., 2010; Hines, 2011). In the present study on identical
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twins, it is predicted that females will have, on average, significantly higher finger length ratios
than males (Hypothesis 4.3). If the aforementioned sexual orientation differences in 2D:4D are

correct then sex differences should be stronger when straight males and females are compared.

1.4.6 Study3

Study 3 investigates patterns of 2D:4D ratios of identical twins with discordant sexual
orientations. In addition, raw data are available from two previous samples of discordant twin
pairs (Hall & Love, 2003; Hiraishi et al., 2012), and these will be included in analyses as part of
the present study. Because data on finger length ratios of identical twins with discordant sexual
orientations are scarce and some previous samples were very small, a combination of present
data with previous data will allow more powerful analyses than each individual study would,
therefore yielding potentially more reliable results. In sum, the following hypotheses are tested:

Hypothesis 4.1. In female pairs, the non-straight twin will display a lower 2D:4D ratio
than her straight co-twin.

Hypothesis 4.2. In male pairs, the non-straight twin will display a higher 2D:4D ratio than
his straight co-twin.

Hypothesis 4.3. Females will have significantly higher finger length ratios than males.

1.5 Structure of Thesis

The goal of the present thesis is to examine how identical twins with discordant sexual
orientations effectively differ in their degree of gender nonconformity and physiological sexual
arousal and how differences between twins could be explained by variations of potential

androgen cxposure.
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Chapter 2 presents Study 1, which investigates how gender nonconformity is expressed
within 56 pairs (24 male pairs, 32 female pairs) of identical twins discordant for sexual
orientation. This is investigated via observer ratings of photos from childhood and adulthood in
order to overcome the potential limitations associated with the self-report method. In addition,
Study 1 investigates social developmental factors that may have influenced the co-development
of gender nonconformity and sexual orientation in discordant twin pairs. In particular, this study
investigates how early responses from parents and peers during childhood are linked to gender

nonconformity and sexual orientation in adulthood.

Chapter 3 presents Study 2, which assesses genital arousal and pupil dilation in response
to sexual stimuli in order to objectively evaluate differences between identical twins with
discordant sexual orientations on a physiological level. This study includes a sample of 15 pairs

(6 male pairs, 9 female pairs) of identical twins.

Chapter 4 presents Study 3, which examines how prenatal androgen exposure affects the
discordant development of sexual orientation in 32 pairs (14 male pairs, 18 female pairs) of
identical twins. The ratio of the length of the index to ring finger is used as a marker for prenatal
androgen exposure in this study. This finger length ratio is used to assess how prenatal androgen

exposure in utero is linked to sexual orientation of these twins.

Finally, Chapter 5 provides a general discussion, which summarizes findings from
Studies 1-3. In addition, this chapter highlights the implications of findings and directions for

future research.
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2.1 Abstract

Childhood gender nonconformity (femininity in males, masculinity in females) predicts a non-
straight (gay, lesbian, or bisexual) sexual orientation in adulthood. In previous work, non-straight
twins reported more childhood gender nonconformity than their genetically identical, but
straight, co-twins. However, self-reports could be biased. We therefore assessed gender
nonconformity via ratings of photographs from childhood and adulthood. These ratings came
from independent observers naive to study hypotheses. Identical twins with discordant sexual
orientations (24 male pairs, 32 female pairs) visibly differed in their gender nonconformity from
mid-childhood, with higher levels of gender nonconformity for the non-straight twins. This
difference was smaller than the analogous difference between identical twins who were
concordant straight (4 male pairs, 11 female pairs) and identical twins unrelated to them who
were concordant non-straight (19 male pairs, 8 female pairs). Further, twins in discordant pairs
correlated in their observer-rated gender nonconformity. Non-genetic factors likely differentiated
the discordant twins’ gender-related characteristics in childhood, but shared influences made
them similar in some respects. We further tested how recall of past rejection from others related
to gender nonconformity. Rejection generally increased with gender nonconformity, but this

effect varied by the twins’ sexual orientation.
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2.2 Introduction

Men who are more feminine, and less masculine, in their behaviours and interests than
most other men can be defined as gender nonconforming; similarly, gender nonconforming
women are more masculine and less feminine than other women (Lippa, 2005). Gender
nonconformity is more common in non-straight (gay, lesbian, and bisexual) than straight men
and women, and this difference emerges in early childhood (Bailey & Zucker, 1995; Lippa,
2008; Rieger et al., 2008). Another line of research suggests that across men and women, genetic
variation explains approximately 30% of the differences in sexual orientation (Bailey et al.,
2016). Furthermore, between 10% and 50% of the co-development of sexual orientation with
gender nonconformity is explained by genetic variation (Alanko et al., 2010; Bailey et al., 2000;
Burri et al., 2011).

Because sexual orientation and gender-related behaviour are not fully determined by
genetics, genetically identical twins can differ in both their sexual orientations and their level of
gender nonconformity. By self-report, twins with discordant sexual orientations differ in their
gender nonconformity to a degree similar to unrelated straight and non-straight individuals
(Bailey & Pillard, 1991). However, self-reports may distort actual differences in gender
nonconformity (Gottschalk, 2003). We therefore examined whether identical twins with
discordant sexual orientations differed in their observable gender nonconformity by evaluating
photographs taken in childhood and adulthood. We further compared their difference in gender
nonconformity to the difference between pairs where both twins were straight and pairs unrelated
to them where