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1. Introduction

In Western societies, around 2-5% of men and women identify as gay, lesbian, or bisexual
(i.e. nonheterosexual), and at least 10% report at least some attraction to same-sex
individuals (Sell et al. 1995; Kendler et al. 2000; Kirk et al. 2000). Nonheterosexuality is not
limited to today’s Western societies, but has been commonly observed in other cultures
today and throughout history (e.g. Hinsch 1992; Murray and Roscoe 1998; Vasey and
VanderLaan 2007). In this chapter I firstly outline extensive and robust evidence that sexual
minorities are at greater risk of psychiatric disorder than are heterosexuals (Section 2). In
Section 3, I explore possible explanations for why this might be the case. I discuss the
dominant ‘minority stress hypothesis’ (Section 3.1); lifestyle factors associated with
nonheterosexuality that may exacerbate psychiatric vulnerability (Section 3.2); and ‘common
cause’ explanations involving genetic factors (Section 3.3.1) and adverse childhood
experiences (Section 3.3.2), which appear to predispose to both nonheterosexuality and
psychiatric disorder. I also propose a novel neurohormonal explanation to account for how
the same genetic factors and childhood experiences might affect both sexual orientation and
psychiatric risk (Sections 3.3.1.3 and 3.3.2). In Section 4 I conclude and draw attention to
areas in which much more research is needed.

2. Nonheterosexuals are at elevated risk of psychiatric disorder

Prior to 1973, homosexuality was classified by the American Psychiatric Association as a
disorder in and of itself. However, in that year homosexuality was removed from the DSM
II and subsequent editions, and is not now considered a disorder in the psychiatric
community (American Psychiatric Association 1973). This chapter describes and proposes
explanations for robust findings that nonheterosexuals are at greater risk of psychiatric
disorder than the general population. However, it cannot be emphasized strongly enough
that this should in no way pathologise nonheterosexuality itself, any more than we should
pathologise non-right-handedness, for example, which is also associated with higher rates of
psychiatric disorder (Elias et al. 2001; DeLisi et al. 2002).
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Several recent large-scale studies have indicated that nonheterosexuals are at elevated risk
for many psychiatric symptoms and disorders, including mood disorders (e.g., major
depression, bipolar disorder), anxiety disorders (e.g., generalized anxiety disorder, phobic
disorders, obsessive compulsive disorder), eating disorders, conduct disorder, substance
misuse, suicidal ideation, and suicide attempts (Fergusson et al. 1999; Sandfort et al. 2001;
Meyer 2003; Mills et al. 2004; Sandfort et al. 2006; King et al. 2008; Frisell et al. 2010; Bolton
and Sareen 2011). These studies have used population samples in several different countries,
so the results are unlikely to be due to sampling bias, and the size of the samples and the
numerous replications suggests that the findings are not due to sampling error.
Furthermore, the size of the effects are by no means trivial - for example, a recent meta-
analysis revealed that, compared to heterosexuals, nonheterosexuals are at approximately
twice the risk of major depressive disorder (depression) and anxiety disorders, deliberate
self harm and attempted suicide (King et al. 2008).

Some studies, particularly earlier ones, suffered from the problems associated with
convenience sampling, potentially biasing the estimates of psychiatric risk. However,
larger and more representative samples have confirmed the findings. Table 1 shows
results of major population-based studies comparing psychiatric risk in heterosexuals
and nonheterosexuals in which odds ratios (in comparison with heterosexuals) are
provided.

Fergusson et al. 1999 Men and women pooled N= 1007 (2.8% identify nonheterosexual
i.e. gay/lesbian/bisexual)
Major depression - OR 4.0; 95%CI 1.8-9.3
Generalized anxiety disorder - OR 2.8; 95%CI 1.2-6.5
Conduct disorder - OR 3.8; 95%CI 1.7-8.7
Nicotine dependence - OR 5.0; 95%CI 2.3-10.9
Other substance abuse and/or dependence - OR 1.9; 95%CI 0.9-4.2
Multiple disorders - OR 5.9; 95%CI 2.4-14.8
Cochran and Mays N=9,908 (2.0% had same-sex partner in previous year)
2000 Men
Major depression - 2.94 (1.38-6.28)
Generalized anxiety disorder - 2.32 (0.55-9.70)
Agoraphobia - 4.85 (0.94-25.17)
Panic attack - 4.30 (1.53-12.13)
Drug dependency - 2.05 (CI 0.86-4.93)
Alcohol dependency - 1.33 (0.55-3.22)
Any psychiatric syndrome - 2.26 (1.34-3.89)
Women
Major depression - 1.79 (0.74-4.32)
Generalized anxiety disorder - OR 1.54 (CI 0.49-4.86)
Agoraphobia - 1.41 (0.52-3.84)
Panic attack - 1.78 (0.40-8.33)
Drug dependency - 3.27 (1.23-8.70)
Alcohol dependency - 2.85 (1.16-6.98)
Any psychiatric syndrome - 1.63 (CI 0.76-3.48)
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(Sandfort et al. Men N=2,878 (2.8% had same-sex partner in previous year)
2001)Sandfortetal. =~ Mood disorders - 3.11(1.91-5.05)

2001 Major depression - 2.35 (1.39-3.97)

Dysthymia 2.33 (0.94-5.75)
Bipolar disorder 7.27 (2.85-18.52)
Anxiety disorders 2.67 (1.62-4.41)
Panic disorder 4.21 (1.65-10.77)
Agoraphobia (without panic) 4.54 (1.79-11.53)
Simple phobia 3.61 (1.94-6.74)
Social phobia 2.29 (1.17-4.50)
Generalized anxiety disorder 2.88 (0.82-10.18)
Obsessive compulsive disorder 6.20 (2.03-18.90)
Substance use disorders total 0.79 (0.48-1.32)
Alcohol abuse 0.48 (0.24-0.95)
Alcohol dependence 1.23 (0.62-2.44)
Drug abuse 1.34 (0.45-4.01)
Drug dependence 2.47 (0.82-7.45)
Women N=3,120 (1.4% had same-sex partner in previous year)
Mood disorders 2.41 (1.26-4.63)
Major depression 2.44 (1.26-4.72)
Dysthymia 1.62 (0.65-4.02)
Bipolar disorder 0.92 (0.12-6.97)
Anxiety disorders 0.96 (0.46-1.97)
Panic disorder 0.75 (0.18-3.20)
Agoraphobia (without panic) 1.36 (0.41-4.56)
Simple phobia 1.27 (0.51-2.97)
Social phobia 1.81 (0.79-4.14)
Generalized anxiety disorder 0.84 (0.11-6.28)
Obsessive compulsive disorder --
Sandfort et al. 2001 Substance use disorders total 3.43 (1.60-7.33)
(continued) Alcohol abuse 2.01 (0.60-6.79)
Alcohol dependence 3.59 (1.16-11.18)
Drug abuse 1.88 (0.23-15.33)
Drug dependence 8.04 (2.49-25.91)
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Gilman et al. 2001

Men N=2,384 (3.1% had same-sex partner in previous year)
Anxiety disorders 1.3 (0.8-2.4)
Agoraphobia 1.1 (0.3-3.9)
Generalised anxiety disorder 2.8 (1.0-8.0)
Panic 1.2 (0.2-6.5)
Social phobia 1.6 (0.7-3.5)
Simple phobia 1.0 (0.4-2.5)
Post-traumatic stress disorder 1.1 (0.5-2.5)
Mood disorders 1.3 (0.8-2.4)
Major depression 1.5 (0.7-3.0)
Dysthymia 1.1 (0.4-2.8)
Substance use disorders 1.5 (0.8-2.8)
Alcohol abuse 1.2 (0.7-2.3)
Alcohol dependence 1.4 (0.6-3.0)
Drug abuse 2.8 (1.6-5.1)
Drug dependence 2.4 (1.2-4.8)
Women N=2,526 (2.0% had same-sex partner in previous year)
Anxiety disorders 1.8 (1.2-2.8)
Agoraphobia 1.1 (0.2-5.9)
Generalised anxiety disorder 3.2 (1.4-7.3)
Panic 2.6 (0.9-7.7)
Social phobia 1.5 (0.7-3.3)
Simple phobia 1.8 (1.2-2.9)
Post-traumatic stress disorder 2.7 (1.2-6.1)
Mood disorders 2.0 (1.1- 3.5)
Major depression 1.9 (1.0-3.3)
Dysthymia 1.9 (0.8-4.4)
Substance use disorders 2.4 (1.3-4.4)
Alcohol abuse 1.8 (0.7-4.5)
Alcohol dependence 2.2 (0.9-5.6)
Drug abuse 4.4 (2.4-8.1)
Drug dependence 1.7 (0.5-5.5)

Chakraborty et al.

Men and women pooled N=7,403 (8.8% identify nonheterosexual
i.e. gay/lesbian/bisexual)

Depressive episode - 1.80 ( 1.13-2.87)

Generalised anxiety disorder - 1.49 (1.03-2.15)
Obsessive-compulsive disorder - 2.24 (1.18-4.27)

Phobic disorder - 1.91 ( 1.07-3.39)

Probable psychosis - 3.75 (CI 1.76-8.00)

Drug dependence - 1.70 ( 1.06-2.73)

Alcohol dependence - 2.05 ( 1.45-2.90)
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Bolton and Sareen Men N=14,449 (1.3% identify gay, 0.6% bisexual, 0.5% not sure)
2011 Any mood disorder [Gay] 2.98 (2.11-4.20) [Bi] 2.36 (1.44-3.88) [Not
* Using the same sure] 1.93 (1.04-3.59)

dataset, Bostwick et  Any anxiety disorder 2.66(1.78-3.97); 2.09(1.20-3.64) ; 2.07 (1.06-4.03)
al (2010) show the Any substance use disorder 1.77 (1.25-2.51) ; 1.30 (0.71-2.36) ; 0.77
elevation in (0.41-1.45)

psychiatric risk Any personality disorder 1.82 (1.19-2.77) ; 1.66 (0.98-2.82) ; 2.46
differs depending on  (1.34-4.51)

the measure of sexual Schizophrenia, psychotic illness, or episode 2.85 (1.57-5.15) ; [—] ;

orientation used. 3.80 (1.44-10.04)
Women N=19,896 (0.7% identify lesbian, 0.8% bisexual, 0.5% not
sure)

Any mood disorder [Lesbian] 1.60 (1.05-2.44) [Bi] 2.66 (1.83-3.89)
[Not sure] 1.23 (0.70-2.16)
Any anxiety disorder 1.53 (1.01-2.32); 3.09 (2.04-4.68); 1.17 (0.69-1.99)
Any substance use disorder 1.37 3.41 (2.13-5.44); 3.90 (2.64-5.75);
1.88 (1.01-3.49)
Any personality disorder 1.74 (1.13-2.69); 2.12 (1.43-3.13); 1.65
(0.87-3.15)
Schizophrenia, psychotic illness, or episode [—]; 3.18 (1.78-5.69);
(-]

Zietsch et al. in press N= 9,884
Men (4.3% identify nonheterosexual i.e. gay/lesbian/bisexual)
Lifetime depression 2.8 (2.0-3.9)
Women (3.3% identify nonheterosexual i.e. gay/lesbian/bisexual)
Lifetime depression 2.7 (1.9-3.7)

Table 1. Major population-based studies comparing psychiatric risk in heterosexuals and
nonheterosexuals. Odds ratios are with reference to rates in heterosexuals (i.e. for whom
OR=1), and are accompanied by 95% confidence intervals in brackets. Where applicable,
odds ratios presented are those adjusted for possible confounds. NB: We focus here on
psychiatric risk and do not include several studies on suicidality.

3. What might explain the elevated psychiatric vulnerability in
nonheterosexuals?

3.1 The minority stress hypothesis

Perhaps the first explanation that comes to mind is that nonheterosexuality is stigmatised in
many societies, and that it must be stressful and depressing to be frequently subject to
prejudice and discrimination. Indeed, this is the basis of the “minority stress” hypothesis,
the dominant explanation for explaining elevated psychiatric vulnerability in
nonheterosexuals (Meyer 1995; Mays and Cochran 2001; Meyer 2003; Lehavot and Simoni
2011). Meyer (2003) describes a number of stress processes that may increase psychiatric risk
in nonheterosexuals. These include the experience of prejudice events, expectations of
rejection, hiding and concealing, internalized homophobia, and ameliorative coping
processes. Some experiences of prejudice may be institutionalised discrimination, such as
legal bans on gay marriage or religious intolerance of homosexuality, but many are likely to
be everyday experiences of negativity, rejection, and labelling (Meyer 1995). Hatzenbuehler
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(2009) describes a theoretical framework for understanding psychological mechanisms by
which these stigma-related experiences may cause psychopathology.

Minority-
related
stressors

Psychiatric
Risk

Nonhetero-
sexuality

Fig. 1. Nonheterosexuality leads to exposure to minority-related stressors, which leads to
elevated psychiatric risk.

Two studies provide strong evidence that homophobic prejudice and discrimination are
indeed involved in elevated psychiatric risk in nonheterosexuals (Mays and Cochran 2001;
Frisell et al. 2010). In community-based samples, both studies confirmed that
nonheterosexuals reported more prejudice and discrimination than heterosexuals (e.g. being
fired from a job, or threatened, harassed, or insulted), and found that controlling for
reported levels of discrimination attenuated the relationship between sexual orientation and
psychiatric disorder.

While it is tempting to dust off the hands and proclaim the mystery solved, there are
indications that minority stress may not be a complete explanation. Firstly, in both studies
mentioned above (Mays and Cochran 2001; Frisell et al. 2010), even after controlling for
reported levels of prejudice and discrimination there remained considerable elevation in
psychiatric risk in nonheterosexuals. Secondly, heterosexual relatives of nonheterosexuals
are also at greater psychiatric risk than the general population (Frisell et al. 2010; Zietsch et
al. in press), suggesting that familial (i.e. genetic or family environmental) factors other than
minority stress are also important. Thirdly, studies show the relationship between sexual
orientation and mental health is just as strong in The Netherlands, where there has long
been greater cultural acceptance of homosexuality than in other countries (Sandfort et al.
2001; Lewis 2009). Fourth, racial-ethnic minorities in the US appear to have lower psychiatric
risk than the majority white population, despite their experiences of minority-related
prejudice and discrimination (Breslau et al. 2006). Nonheterosexuals’ minority status
probably impacts differently on their mental health because they normally have
heterosexual family members who may also stigmatise nonheterosexuality. However, it
appears that individuals with developmental physical disabilities (who may also be
stigmatised and not have similarly affected family members) also have similar or lower risk
of psychiatric disorder than the general population (Australian Bureau of Statistics 1998;
Hagiliassis et al. 2005; Ostlie et al. 2010), reinforcing the suggestion that minority stress does
not necessarily elevate psychiatric risk.

As such, there may be additional mechanisms generating the link between sexual
orientation and psychiatric risk. This does not imply that I am skeptical of the role of
minority stress, only that additional explanations warrant investigation. To date, additional
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explanations have hardly even been discussed, let alone empirically investigated. Below I
describe some of these possible additional explanations, and any relevant evidence.

3.2 Lifestyle factors associated with nonheterosexuality

It has been suggested that lifestyle factors associated with nonheterosexuality may explain
some of its link with elevated psychiatric risk (Bailey 1999). This is a broad explanation that
depends firstly on understanding how the lifestyles of nonheterosexuals tend to differ from
those of heterosexuals, and secondly identifying those lifestyle differences that could be
relevant to psychiatric risk. Below I outline a number of lifestyle factors for which are likely
to differ with sexual orientation and may also be related to psychiatric risk, but the list is not
intended to be exhaustive.

Psychiatric
Risk

Lifestyle
factors

Nonhetero-
sexuality

Fig. 2. Nonheterosexuality leads to associated lifestyle factors, which lead to elevated
psychiatric risk.

3.2.1 Relationship stability

It appears that gay and lesbian relationships tend to be less stable than heterosexual
relationships; in a 5-year study, both gay and lesbian cohabiting couples were more likely to
breakup than were heterosexual married couples (Kurdek 1998). (Note that this could be
related to legal barriers to a) homosexuals wishing to get married and b) heterosexual
married couples wishing to break up.) If homosexual relationships are less stable, it could
pose a risk to mental health to nonheterosexuals given that relationship dissolution is a
major life stressor that can provoke psychiatric problems (Chung et al. 2002).

3.2.2 Difficulty of having children

An important lifestyle consideration distinctive to homosexual couples is that, without the
aid of a third party, they cannot have children. In addition, homosexual couples wishing to
have or adopt a child may face legal obstacles in many countries. The little evidence there is
suggests that lesbian women’s desire to have children is at least as strong as their
heterosexual counterparts (Bos et al. 2003). The difficulty of fulfilling this desire could be a
psychiatric risk factor, especially in light of findings infertile women have elevated risk of
psychiatric disorder (Noorbala et al. 2009). In the absence of evidence to the contrary, it can
only be assumed that the same issues apply to gay men.

3.2.3 Substance use
Substance use and dependence is more prevalent among nonheterosexuals (McKirnan and
Peterson 1989a; Fergusson et al. 1999; Cochran and Mays 2000; Chakraborty et al. 2011), and
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is also a risk factor for psychiatric disorder (Semple et al. 2005). It is unclear if drug use is
more often part of nonheterosexuals’ chosen lifestyles, and/or if increased drug use is a
coping mechanism for the stressors and psychiatric difficulties nonheterosexuals are more
likely to encounter. There is evidence that the latter is true (McKirnan and Peterson 1989b),
but if the former is also true (e.g. Mansergh et al. 2001), one way to reduce mental health risk
in nonheterosexuals may be to target recreational drug use in the gay and lesbian
communities. Other mechanisms are also possible (e.g. common causes, see Section 3.3.
below).

3.2.4 Sexually transmitted disease and general health

Sexually transmitted diseases, including AIDS, are more common in male nonheterosexuals
than in male heterosexuals, due to higher incidence of risky sexual behaviours (Cates and
Panel Am Social Hlth Assoc 1999; Stolte and Coutinho 2002). Acquiring sexually transmitted
diseases is associated with distress (Cochran and Mays 2007), and AIDS is certainly a major
life stressor. Both male and female nonheterosexuals report poorer physical health in
general than heterosexuals (Sandfort et al. 2006; Cochran and Mays 2007), though it is
unclear whether this is due to lifestyle choices, minority-related stressors, or some other
mechanism (e.g. common causes, see Section 3.3. below).

3.2.5 Body image

Nonheterosexual men have greater concerns about body image and greater incidence of
eating disorders than do heterosexual men; on the other hand, nonheterosexual women
actually have fewer problems than heterosexuals with body image and eating disorders
(Herzog et al. 1992; Gettelman and Thompson 1993; French et al. 1996). This may be because
men are the sexual targets of homosexual men and heterosexual women, with men placing
higher importance on physical appearance than women (Buss 1989).

3.3 Common causes of nonheterosexuality and psychiatric disorder

It is obvious to ask if the link between nonheterosexuality and psychiatric risk is due to
factors that cause both, but it is difficult to answer in practice due to our limited
understanding of the causes of either psychiatric disorder or, especially, nonheterosexuality.
Here I will focus on genetic factors and adverse childhood experiences, which are associated
with both sexual orientation and psychiatric risk.

Common
causes

Nonhetero- Psychiatric
sexuality Risk

Fig. 3. Common causes lead to both nonheterosexuality and psychiatric risk.
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3.3.1 Genetic factors

It is well established that genetic factors influence sexual orientation. Early family studies
in men (Bailey and Pillard 1991) and women (Bailey et al. 1993) revealed that biological
siblings (twins) were much more concordant in their sexual orientation than were adoptive
siblings, suggesting that genes or intrauterine effects were more important than factors
associated with the family environment. They also showed that identical (monozygotic; MZ)
twins, who share 100% of their genes, were more concordant than nonidentical (dizygotic;
DZ) twins, who share on average 50% of their genes - this indicated that the familial effects
were at least partly genetic; statistical modeling procedures (Neale and Cardon 1992;
Posthuma et al. 2003) yielded estimates that genetic factors accounted for at least half of the
variance in sexual orientation (i.e. heritability > 50%).

These early studies were criticized for using convenience samples (Lidz 1993), which may
have biased the heritability estimates. Indeed, the numerous subsequent studies using very
large, representative, community-based twin samples, have often yielded somewhat lower
heritability estimates (=20-50%), but they have consistently replicated the finding that MZ
twins are more concordant in their sexuality than DZ twins (Bailey et al. 2000; Kendler et al.
2000; Santtila et al. 2008; Zietsch et al. 2008; Langstrom et al. 2010). Table 2 summarizes the
findings of major twin studies on sexual orientation.

Bailey and Pillard Recruitment
1991 nonheterosexual probands recruited through ads in gay-
oriented publications
Classification
[homosexual/bisexual] vs heterosexual
Men
52% MZ concordance (N=56 pairs)
22% DZ concordance (N=54 pairs)
11% adoptive brothers concordance (N=57 pairs)
Bailey et al. 1993 Recruitment
nonheterosexual probands recruited through ads in gay-
oriented publications
Classification
[homosexual/bisexual] vs heterosexual
Women
48% MZ concordance (N=71 pairs)
16% DZ concordance (N=37 pairs)
6% adoptive sisters concordance (N=35 pairs)
Kendler etal. 2000  Recruitment
national twin sample
Classification
[homosexual/ bisexual] vs heterosexual
Men and women combined
.68 MZ twin pair correlation (N=324 pairs)
.43 DZ twin/sibling pair correlation (1806 pairs)




286

Psychiatric Disorders — Worldwide Advances

Zietsch et al. 2008
*Bailey et al (2000)
analyzed the same
dataset but used a
more complex,
composite measure
of sexual orientation,
which yielded lower
heritability estimates
of female sexual
orientation.

Recruitment

community-based twin sample
Classification

[Kinsey attraction scale 2 1] vs [Kinsey attraction scale < 1]
Men
57 (95%CI: .33-.74) MZ twin pair correlation (N=312 pairs)
.20 (95%CI: -.11 -..49) DZ twin pair correlation (N=185 pairs)
Women
47 (95%CI: .33-.74) MZ twin pair correlation (N=667 pairs)
37 (95%CI: .33-.74) DZ twin pair correlation (N=377 pairs)
Opposite sex twin pairs
-.01 (95%ClI: .33-.74) DZ twin pair correlation (N=366 pairs)

Santtila et al. 2008

Recruitment

community-based twin sample
Classification

potential for homosexual response: 6-point scale; quite
impossible - very likely
Men (N=3152 individuals)
.53 (SE=.08) MZ twin pair correlation
.23 (SE=.11) DZ twin pair correlation
Women (N=6001 individuals)
.53 (SE=.04) MZ twin pair correlation
.26 (SE=.05) DZ twin pair correlation

Langstrom et al.
2010

Recruitment
national twin sample
Classification
[any same-sex sexual partners] vs [no same-sex sexual partners]
Men
.39 MZ twin pair correlation (N=807 pairs)
.19 DZ twin pair correlation (N=517 pairs)
Women
.36 MZ twin pair correlation (N=1513 pairs)
.27 DZ twin pair correlation (N=989 pairs)

Zietsch et al. in press

Recruitment

community-based sample
Classification

[homosexual/ bisexual] vs heterosexual
Men
.50 (95%CI: .25-.60) MZ twin pair correlation (N=633 pairs)
.27 (95%CI: -12-.60) DZ twin pair correlation (N=503 pairs)
Women
.53 (95%CI: .33-.70) MZ twin pair correlation (N=1079 pairs)
.33 (95%CI: .04-.57) DZ twin pair correlation (N=811 pairs)
Opposite-sex pairs
43 (95%CI: .12-.66) DZ twin pair correlation (N=866 pairs)

Table 2. Tetrachoric correlations (i.e. twin similarity) for sexual orientation in identical (MZ)
and nonidentical (DZ) twin pairs in major studies.
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Many large twin studies have also consistently shown that psychiatric disorders are
substantially influenced by genetic factors (see Sullivan et al. 2000; Bouchard and McGue
2003; Sullivan et al. 2003 for reviews), with a wide range of heritabilities from around 40%
for depression to around 80% for schizophrenia. Many psychiatric disorders are highly
comorbid (i.e. they are often found together in the same individuals), particularly those
related to anxiety and depression, including phobias, generalised anxiety disorder, major
depressive disorder, obsessive compulsive disorder, and substance use disorders (Rohde et
al. 1991; Kendler et al. 1992). As well as estimating genetic influence on variation in a
psychiatric disorder, twin studies can also be used to estimate the genetic influence on
covariation between different disorders, by modelling cross-twin cross-trait correlations. If
the cross-twin cross-trait correlation is greater in MZ pairs than in DZ pairs it suggests a
genetic correlation between the traits, and modelling can estimate what proportion of the
total correlation between the traits is due to this genetic correlation (as opposed to
correlation of environmental factors); see Neale and Cardon (1992) or Posthuma et al (2003)
for details. This type of multivariate genetic analysis has revealed that comorbidity between
the various anxiety-related psychiatric disorders is largely due to overlapping genetic
influences (Kendler et al. 1992; Hettema et al. 2005). This suggests that the genetic factors
involved are pleiotropic (i.e. have multiple effects, e.g. predispose to multiple disorders),
though it should be noted that these genetic factors could influence the different disorders
via different genes that are in linkage disequilibrium (i.e. genes that tend to be inherited
together).

Given that we know that genetic factors influence both psychiatric disorder and sexual
orientation, the next question is, do these genetic factors overlap? A genetic correlation
would be necessary for a genetic ‘common causes’ explanation to be plausible. My
colleagues and I (Zietsch et al. 2011) first tested this possibility in a large twin sample
(N=4904) by investigating the relationship between sexual orientation and Eysenck’s
personality traits Neuroticism and Psychoticism, putative measures of vulnerability to
internalizing (e.g. depressive and anxiety) disorders and psychotic disorders (e.g.
schizophrenic), respectively (Eysenck 1967; Eysenck and Eysenck 1976). Neuroticism has
been shown to be a premorbid predictor of depression (Kendler et al. 1993; Ormel et al.
2004), accounts for comorbidity with anxiety (Andrews 1996, Khan et al. 2005), and is also
associated with eating disorders (Cassin and von Ranson 2005). Similarly, Psychoticism is a
premorbid predictor of schizophrenia and other psychotic disorders (Claridge et al. 1983;
Laurent et al. 2002) and is related to antisocial behavior and conduct problems (Tranah et al.
1998; Miller and Lynam 2001; Cale 2006). Both Neuroticism and Psychoticism are related to
suicidal behavior (Nordstrom et al. 1995). We found that nonheterosexual men and women
scored significantly higher on both Neuroticism and Psychoticism than their heterosexual
counterparts, consistent with their greater psychiatric risk found elsewhere. Using bivariate
genetic models, we showed that the association of sexual orientation with both Neuroticism
and Psychoticism was due primarily to significant genetic correlations, whereas the
corresponding environmental correlations were not significant. This provides some support
for the idea that overlapping genetic factors act as a common cause of both sexual
orientation and psychiatric vulnerability.

In a second study testing this idea, my colleagues and I (Zietsch et al. in press) investigated
the relationship between sexual orientation and depression in a large twin sample
(N=9,884). We found that nonheterosexuals were at significantly greater risk of depression
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and again we found that a significant genetic correlation was primarily responsible,
accounting for 60% of the total correlation between sexual orientation and depression.

Since it appears that pleiotropic genetic factors may act as a common cause of
nonheterosexuality and psychiatric risk, it is natural to ask: what mechanisms might confer
this shared genetic risk? Below I describe why explanations involving specific genes or
general mutation load are unlikely to be viable. I then propose a more plausible theory
involving interaction between the hypothalamic-pituitary-gonadal (HPG) axis and the
hypothalamic-pituitary-adrenal (HPA) axis.

3.3.1.1 Specific genes

The recent availability of high-density genotype information has enabled studies that test for
association between hundreds of thousands of genetic variants (single nucleotide
polymorphisms; SNPs) and any given trait. These genome-wide association (GWA) studies
have yielded very few robustly replicated associations between specific genes and complex
psychological traits, including psychiatric disorder (Manolio et al. 2009; Sullivan et al. 2009;
Verweij et al. 2010). Genes previously ‘identified’ using earlier approaches (linkage,
candidate gene association) as influencing traits such as personality (e.g. Ebstein et al. 1996),
depression (e.g. Ogilvie et al. 1996), or substance use (see Agrawal and Lynskey 2009) have
generally failed to replicate using these more powerful methods (Verweij et al. 2010; Bosker
et al. 2011; Verweij et al. 2011). This suggests publication bias towards positive findings and
replications may have resulted in a high proportion of the reports being false positives.
Early findings of linkage of a gene on the X-chromosome with sexual orientation (Hamer et
al. 1993; Hu et al. 1995) failed to consistently replicate in subsequent studies (Rice et al. 1999;
Mustanski et al. 2005). Sexual orientation has not yet been subject to GWA analysis (it is
very expensive and requires very large samples), but it seems highly unlikely that
variation in sexual orientation could be explained with a small number of genes of large
effect given that this is not the case for any other psychological trait that has been studied
with GWA methodology (Manolio et al. 2009).

Studies examining the combined effects of thousands of SNPs on complex traits suggest that
‘missing heritability” (the discrepancy between high heritability estimates from twin-family
studies and inability to identify the specific genetic variants responsible) is partly because of
the extremely small effect sizes of any individual genetic variant, and partly because many
of the genetic variants involved are rare in the population (conventional GWA studies
cannot detect rare variants) (Manolio et al. 2009; The International Schizophrenia
Consortium 2009; Yang et al. 2010). Variation in both sexual orientation and depression is
likely to be due to thousands of genetic variants of tiny effect size. If this is the case, the
large genetic correlation between sexual orientation and depression could not be due to a
few key genes.

3.3.1.2 Mutation load

Bailey (1999) suggested that elevated rates of nonrighthandness that have been observed in
both nonheterosexuals and the mentally ill may reflect a biological factor that manifests in
unusual laterality, sexual orientation, and psychiatric problems.

Mutation load is an individual’s aggregate of mildly deleterious mutations acquired in
recent generations. It is thought to be related to psychiatric disorder via increased
developmental instability (Yeo et al. 1999; Keller and Miller 2006). In theory, a high mutation
load could predispose to both depression and nonheterosexuality via multiple downstream



Explanations for Elevated Psychiatric Vulnerability in Nonheterosexuals:
Environmental Stressors, Genetics, and the HPA and HPG Axes 289

effects of the destabilising mutations. Indeed, both nonheterosexuals and those with
psychiatric disorders are more likely to be nonrighthanded (Hicks and Pellegrini 1978; Elias
et al. 2001; DeLisi et al. 2002; Lippa 2003), which is thought to be an indicator of
developmental instability (Yeo and Gangestad 1993; Yeo et al. 1993).

However, traits affected by mutation load are also expected to be associated with advanced
paternal age, since the sperm of older men carry more de novo mutations (Crow 2000).
Accordingly, advanced paternal age has been associated with higher risk of autism, bipolar,
schizophrenia, and lower IQ (Auroux et al. 1989; Malaspina et al. 2001; Reichenberg et al.
2006; Frans et al. 2008; Saha et al. 2009). In contrast, paternal (or maternal) age appears to
have no effect on either sexual orientation or depression (Zietsch et al. in press).
Furthermore, previous studies found no correlation between sexual orientation and
fluctuating asymmetry (Mustanski et al. 2000; Rahman and Wilson 2003b; Rahman 2005a),
the best-documented marker of developmental instability (Gangestad and Simpson 2000).
Therefore, mutation load does not seem a viable explanation for the genetic correlation
between sexual orientation and depression.

3.3.1.3 Interaction between the HPA and HPG axes

I propose a novel and more plausible explanation involving a neurohormonal mechanism,
but it is speculative and requires direct testing in future research. Its basis is that
(unknown) genetic factors affect both sexual orientation and psychiatric risk via effects on
the hypothalamic-pituitary-gonadal (HPG) axis, which stimulates sex hormone
production (primarily, testosterone in men and estrogen in women). Though the details
are far from clear, sex-atypical levels of gonadal hormones during development are
thought to be involved in sexual orientation (Gooren 2006; Swaab and Garcia-Falgueras
2009), and the most robust correlates of nonheterosexual orientation relate to sex-
atypicality in behavior, cognition, and brain structure (Bailey et al. 2000; Rahman and
Wilson 2003a; Swaab 2008). Therefore, via low gonadal hormone levels during
development, genetically low activity of the HPG axis might have organizing effects on
the brain and predispose to a nonheterosexual orientation. Meanwhile, low gonadal
hormone levels are also involved in the etiology of depressive and anxiety disorders.
Depressed women have lower plasma levels of estrogen and depressed men have lower
testosterone levels (Young et al. 2000; Swaab et al. 2005; Walf and Frye 2006; Zarrour et al.
2009), and administering testosterone and estrogen has been found to reduce depression
in men and women, respectively (Soares et al. 2001; Walf and Frye 2006; Zarrour et al.
2009). Animal models suggest the effect in males is due to testosterone’s suppression of
the hypothalamic-pituitary-adrenal (HPA) axis (i.e. the stress system; Evuarherhe et al.
2009), whereas less established mechanisms in females appear to involve estrogen
receptors in the hippocampus and amygdala, which in turn regulate HPA activity (Walf
and Frye 2006). Also, gonadal hormone levels during development have programming
effects affecting adult HPA reactivity (Evuarherhe et al. 2009; Romeo 2010). Thus, genetic
factors associated with low HPG axis activity (either throughout development or in
critical phases) might predispose to development of both nonheterosexual orientation
and vulnerability to disorders related to the stress response.

3.3.2 Adverse childhood experiences — risky family environment and sexual abuse
Along with genetic factors, other possible common causes of both nonheterosexuality and
psychiatric risk are adverse childhood experiences such as ‘risky’ family environment and
sexual abuse.
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Risky family environments are those characterized by conflict and relationships that are
cold, unsupportive, and neglectful (Repetti et al. 2002). Such family environments are
known to be associated with a range of psychiatric problems, including aggression, conduct
disorder, delinquency and antisocial behaviour, anxiety, depression, and suicide (Felitti et
al. 1998; Kendler et al. 2002; Repetti et al. 2002; Kendler et al. 2006). These associations are
partly a function of genetic predispositions that underlie the damaging parental behaviours
and are inherited by the children (Plomin 1994), but other research (including longitudinal
studies) suggests that risky family environment also plays a direct role in predisposing to
disorder (O'Connor et al. 1998; Johnson et al. 2001). Childhood sexual abuse has also been
strongly linked to psychiatric risk (Felitti et al. 1998; Kendler et al. 2002; Nelson et al. 2002;
Kendler et al. 2004; Kendler et al. 2006; Fergusson et al. 2008). Though the mechanisms
involved are not yet entirely clear, there is mounting evidence that these associations
between adverse childhood experiences and psychiatric risk are mediated by permanent
effects of repeated stressors on HPA axis reactivity (Heim et al. 2008; Pariante and Lightman
2008; Lupien et al. 2009; Romeo 2010; Young and Korszun 2010).

Several studies have shown elevated rates of childhood sexual abuse and risky family
environment in nonheterosexuals (Cameron and Cameron 1995; Lenderking et al. 1997;
Fergusson et al. 1999; Paul et al. 2001; Tomeo et al. 2001; Balsam et al. 2005; Arreola et al.
2008; Alanko et al. 2009; Zietsch et al. in press). A meta-analysis of studies examining the
prevalence of childhood sexual abuse in nonheterosexuals (Rothman et al. 2011) yielded
higher rates than corresponding rates in a meta-analysis of studies of the general population
(Stoltenborgh et al. 2011). A problem with most studies comparing rates of childhood sexual
abuse by sexual orientation is that nonheterosexual samples are usually selected based on
their sexual orientation (e.g. recruiting in gay-oriented magazines), leading to unpredictable
biases on the results. To my knowledge only one study has directly compared rates of
childhood sexual abuse in heterosexuals and nonheterosexuals in a large population-based
sample selected without reference to sexual orientation or child abuse (Zietsch et al. in
press) - it found that rates of childhood sexual abuse (and risky family environment) were
significantly higher (odds ratios ~2-3) in nonheterosexuals than heterosexuals and were also
associated with higher rates of depression. These dual effects (i.e. childhood risky family
environment and sexual abuse) contributed to the elevated rates of depression in
nonheterosexuals, but only to a modest degree (their combined effect accounted for around
16% of the sexual orientation-depression link).

It is not at all clear how adverse childhood experiences might affect adult sexual orientation,
and indeed the prevailing scientific view is that sexual orientation is fixed before birth
(Rahman 2005b; Swaab and Garcia-Falgueras 2009). I propose that the aforementioned
interaction of the HPA and HPG axes also provides a possible mechanism for stressful
childhood experiences to influence sexual orientation in already predisposed individuals.
Again, this is speculative and the hypothesis requires direct empirical testing.

Persistent or repeated stress exposure (activation of the HPA axis) inhibits activity in the
HPG axis (Kirby et al. 2009), so repeated stressors during development may chronically
disrupt gonadal hormone levels (low testosterone and estrogen levels in males and females,
respectively). The deficiency in gonadal hormones (either throughout development, or in
critical stages such as puberty, when gonadal hormone levels surge; Romeo 2010) may have
organizing effects on the brain (van Goozen et al. 2002; Gooren 2006; Neufang et al. 2009;
Peper et al. 2010), decreasing sexual differentiation and increasing the likelihood of same-
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sex attraction. This could explain the effect of childhood risky family environment and
sexual abuse on sexual orientation.

An alternative version of this explanation could involve prenatal transmission of maternal
stress, and this would fit better with the conventional wisdom that sexual orientation is
largely determined before birth. As well as directly posing problems for a developing child,
a risky family environment may also impact the child before it is born via the impact of
family dysfunction on the mothers” stress levels during pregnancy. Maternal stress during
certain prenatal periods may predispose the offspring increased HPA axis reactivity
(Tollenaar et al. 2011) and to various psychiatric disorders (Koenig et al. 2002; Beydoun and
Saftlas 2008). Animal models suggest that maternal stress can decrease behavioural sexual
differentiation (Goel and Bale 2009) and increase homosexual behaviour (Meek et al. 2006).
There is also some human evidence that maternal stress may have (modest) effects on the
offspring’s adult sexual orientation (Ellis and Cole-Harding 2001), though other negative
findings on child gender-role behaviour casts doubt on this (Hines et al. 2002). Both the
human and animal literature is complicated by findings that maternal stress has different
effects in males and females (Ellis and Cole-Harding 2001; Weinstock 2007). A further
problem, particularly for the human studies, is the difficulty of distinguishing the prenatal
effects of maternal stress from genetic predispositions or postnatal stressful experiences of
the child (Beydoun and Saftlas 2008). Nevertheless, whether directly or via prenatal
maternal effects it is possible that stressors during development may have an impact on
both sexual orientation and psychiatric risk through the interactions of the HPA and HPG
axes.

4. Conclusion

There is good evidence to suggest that minority stress increases the psychiatric risk of
nonheterosexuals, but other evidence suggests that additional mechanisms also contribute.
These may involve lifestyle factors associated with nonheterosexuality, and also common
causes of both nonheterosexuality and psychiatric risk. These common causes appear to
involve both genetic factors and adverse childhood experiences. Of course, it is likely that
numerous factors are responsible, and the importance of each factor probably differs across
specific psychiatric disorders. For example, while minority stress appears to play an
important role in depression, it could not be responsible for the elevated risk of eating
disorders in nonheterosexual men, given that lesbian women are at lower risk than
heterosexual women.

Very importantly, most of the findings described above involve great uncertainty regarding
causation and specific mechanisms involved. For example, for simplicity I have assumed
that the association of adverse childhood experiences with adult sexual orientation is due to
the former predisposing to the latter, but there are many other causal possibilities, some
more plausible than others. Longitudinal studies, especially those with genetically
informative samples, may help to resolve some of these alternative explanations. Indeed,
there is enormous scope for future work in this area, given the importance of the problem
and how much is unknown. In particular, the neurohormonal mechanism I proposed above
is potentially important, but is speculative and requires rigorous empirical testing and
theoretical development.

It is crucially important to understand these and other issues so we can know how best to
improve the psychiatric wellbeing of nonheterosexual individuals. Of course, the most sure-
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fire steps involve reducing the stigma, prejudice, and discrimination that sexual minorities
face in everyday life.

5. Acknowledgment

Thanks go to Karin Verweij for helpful comments on an earlier draft of this manuscript. The
author is supported by a University of Queensland Postdoctoral Fellowship.

6. References

Agrawal, A., and Lynskey, M. T. 2009. Candidate genes for cannabis use disorders: Findings
challenges and directions. Addiction, 104, 518-532.

Alanko, K., Santtila, P., Witting, K., Varjonen, M., Jern, P., Johansson, A., et al. 2009.
Psychiatric symptoms and same-sex sexual attraction and behavior in light of
childhood gender atypical behavior and parental relationships. Journal of Sex
Research, 46, 494-504.

American Psychiatric Association. 1973. Homosexuality and sexual orientation disturbance:
Proposed change in DSM-II, 6th printing, page 44.

Andrews, G. 1996. Comorbidity and the general neurotic syndrome. British Journal of
Psychiatry, 168, 76-84.

Arreola, S., Neilands, T., Pollack, L., Paul, J., and Catania, J. 2008. Childhood sexual
experiences and adult health sequelae among gay and bisexual men: Defining
childhood sexual abuse. Journal of Sex Research, 45, 246-252.

Auroux, M. R,, Mayaux, M. ]., Guihardmoscato, M. L., Fromantin, M., Barthe, J., and
Schwartz, D. 1989. Paternal age and mental functions of progeny in man. Human
Reproduction, 4, 794-797.

Australian Bureau of Statistics. 1998. Mental Health and Wellbeing: Profile of Adults,
Australia. ABS, Canberra, ACT.

Bailey, J. M. 1999. Homosexuality and mental illness. Archives of General Psychiatry, 56, 883-
884.

Bailey, J. M., Dunne, M. P., and Martin, N. G. 2000. Genetic and environmental influences on
sexual orientation and its correlates in an Australian twin sample. Journal of
Personality and Social Psychology, 78, 524-536.

Bailey, J. M., and Pillard, R. C. 1991. A genetic study of male sexual orientation. Archives of
General Psychiatry, 48, 1089-1096.

Bailey, J. M., Pillard, R. C., Neale, M. C,, and Agyei, Y. 1993. Heritable factors influence
sexual orientation in women. Archives of General Psychiatry, 50, 217-223.

Balsam, K. F., Rothblum, E. D., and Beauchaine, T. P. 2005. Victimization over the life span:
A comparison of lesbian, gay, bisexual, and heterosexual siblings. Journal of
Consulting and Clinical Psychology, 73, 477-487.

Beydoun, H., and Saftlas, A. F. 2008. Physical and mental health outcomes of prenatal
maternal stress in human and animal studies: a review of recent evidence. Paediatric
and Perinatal Epidemiology, 22, 438-466.

Bolton, S., and Sareen, J. 2011. Sexual orientation and its relation to mental disorder and
suicide attempts: Findings from a nationally representative sample. The Canadian
Journal of Psychiatry, 11, 35-43.

Bos, H. M. W,, van Balen, F., and van den Boom, D. C. 2003. Planned lesbian families: their
desire and motivation to have children. Human Reproduction, 18, 2216-2224.



Explanations for Elevated Psychiatric Vulnerability in Nonheterosexuals:
Environmental Stressors, Genetics, and the HPA and HPG Axes 293

Bosker, F. J., Hartman, C. A., Nolte, I. M., Prins, B. P., Terpstra, P., Posthuma, D., et al. 2011.
Poor replication of candidate genes for major depressive disorder using genome-
wide association data. Molecular Psychiatry, 16, 516-532.

Bostwick, W. B., Boyd, C. J., Hughes, T. L., and McCabe, S. E. 2010. Dimensions of sexual
orientation and the prevalence of mood and anxiety disorders in the United States.
American Journal of Public Health, 100, 468-475.

Bouchard, T. J.,, and McGue, M. 2003. Genetic and environmental influences on human
psychological differences. Journal of Neurobiology, 54, 4-45.

Breslau, J., Aguilar-Gaxiola, S., Kendler, K. S., Su, M., Williams, D., and Kessler, R. C. 2006.
Specifying race-ethnic differences in risk for psychiatric disorder in a USA national
sample. Psychological Medicine, 36, 57-68.

Buss, D. M. 1989. Sex-differences in human mate preferences: Evolutionary hypotheses
tested in 37 cultures. Behavioral and Brain Sciences, 12, 1-14.

Cale, E. M. 2006. A quantitative review of the relations between the "Big 3" higher order
personality dimensions and antisocial behavior. Journal of Research in Personality, 40,
250-284.

Cameron, P., and Cameron, K. 1995. Does incest cause homosexuality? Psychological Reports,
76, 611-621.

Cassin, S. E., and von Ranson, K. M. 2005. Personality and eating disorders: A decade in
review. Clinical Psychology Review, 25, 895-916.

Cates, W., and Panel Am Social Hlth Assoc. 1999. Estimates of the incidence and prevalence
of sexually transmitted diseases in the United States. Sexually Transmitted Diseases,
26, 52-57.

Chakraborty, A., McManus, S., Brugha, T. S., Bebbington, P., and King, M. 2011. Mental
health of the non-heterosexual population of England. British Journal of Psychiatry,
198, 143-148.

Chung, M. C,, Farmer, S., Grant, K., Newton, R., Payne, S., Perry, M., et al. 2002. Self-esteem,
personality and post traumatic stress symptoms following the dissolution of a
dating relationship. Stress and Health, 18, 83-90.

Claridge, G., Robinson, D. L., and Birchall, P. 1983. Characteristics of schizophrenics' and
neurotics' relatives. Personality and Individual Differences, 4, 651-664.

Cochran, S. D., and Mays, V. M. 2000. Relation between psychiatric syndromes and
behaviorally defined sexual orientation in a sample of the US population. American
Journal of Epidemiology, 151, 516-523.

Cochran, S. D., and Mays, V. M. 2007. Physical health complaints among lesbians, gay men,
and bisexual and homosexually experienced heterosexual individuals: Results from
the California quality of life survey. American Journal of Public Health, 97, 2048-2055.

Crow, J. F. 2000. The origins patterns and implications of human spontaneous mutation.
Nature Reviews Genetics, 1, 40-47.

Delisi, L. E., Svetina, C., Razi, K., Shields, G., Wellman, N., and Crow, T. J. 2002. Hand
preference and hand skill in families with schizophrenia. Laterality, 7, 321-332.

Ebstein, R. P., Novick, O., Umansky, R, Priel, B., Osher, Y., Blaine, D., et al. 1996. Dopamine
D4 receptor (D4DR) exon III polymorphism associated with the human personality
trait of novelty seeking. Nature Genetics, 12, 78-80.

Elias, L. J., Saucier, D. M., and Guylee, M. J. 2001. Handedness and depression in university
students: A sex by handedness interaction. Brain and Cognition, 46, 125-129.



294 Psychiatric Disorders — Worldwide Advances

Ellis, L., and Cole-Harding, S. 2001. The effects of prenatal stress, and of prenatal alcohol
and nicotine exposure, on human sexual orientation. Physiology & Behavior, 74, 213-
226.

Evuarherhe, O., Leggett, J. D., Waite, E. J., Kershaw, Y. M., Atkinson, H. C., and Lightman, S.
L. 2009. Organizational role for pubertal androgens on adult hypothalamic-
pituitary-adrenal sensitivity to testosterone in the male rat. Journal of Physiology-
London, 587, 2977-2985.

Eysenck, H. J. 1967. Dimensions of personality. Routledge & Kegan Paul, London.

Eysenck, H. J., and Eysenck, S. B. G. 1976. Psychoticism as a dimension of personality. Hodder
and Stoughton, London.

Felitti, V. J., Anda, R. F., Nordenberg, D., Williamson, D. F., Spitz, A. M., Edwards, V., et al.
1998. Relationship of childhood abuse and household dysfunction to many of the
leading causes of death in adults - The adverse childhood experiences (ACE) study.
American Journal of Preventive Medicine, 14, 245-258.

Fergusson, D. M., Boden, J. M., and Horwood, L. J. 2008. Exposure to childhood sexual and
physical abuse and adjustment in early adulthood. Child Abuse & Neglect, 32, 607-
619.

Fergusson, D. M., Horwood, L. J., and Beautrais, A. L. 1999. Is sexual orientation related to
mental health problems and suicidality in young people? Archives of General
Psychiatry, 56, 876-880.

Frans, E. M., Sandin, S., Reichenberg, A., Lichtenstein, P., Langstrom, N., and Hultman, C.
M. 2008. Advancing paternal age and bipolar disorder. Archives of General
Psychiatry, 65, 1034-1040.

French, S. A., Story, M., Remafedi, G., Resnick, M. D., and Blum, R. W. 1996. Sexual
orientation and prevalence of body dissatisfaction and eating disordered behaviors:
A population-based study of adolescents. International Journal of Eating Disorders, 19,
119-126.

Frisell, T., Lichtenstein, P., Rahman, Q., and Langstrom, N. 2010. Psychiatric morbidity
associated with same-sex sexual behaviour: influence of minority stress and
familial factors. Psychological Medicine, 40, 315-324.

Gangestad, S. W., and Simpson, J. A. 2000. The evolution of human mating: Trade-offs and
strategic pluralism. Behavioral and Brain Sciences, 23, 573-587.

Gettelman, T. E., and Thompson, J. K. 1993. Actual differences and stereotypical perceptions
in body image and eating disturbance: A comparison of male and female
heterosexual and homosexual samples. Sex Roles, 29, 545-562.

Goel, N., and Bale, T. L. 2009. Examining the intersection of sex and stress in modelling
neuropsychiatric disorders. Journal of Neuroendocrinology, 21, 415-420.

Gooren, L. 2006. The biology of human psychosexual differentiation. Hormones and Behavior,
50, 589-601.

Hagiliassis, N., DiMarco, M., Gulbenkoglu, H., Iacono, T., Larkin, H., and Watson, J. 2005.
The Bridging Project: Physical disability and mental health. InPsych. Australian
Psychological Association, Canberra, ACT.

Hamer, D. H., Hu, S., Magnuson, V. L., Hu, N., and Pattatucci, A. M. L. 1993. A linkage
between DNA markers on the X-chromosome and male sexual orientation. Science,
261, 321-327.

Hatzenbuehler, M. L. 2009. How does sexual minority stigma "get under the skin"? A
psychological mediation framework. Psychological Bulletin, 135, 707-730.



Explanations for Elevated Psychiatric Vulnerability in Nonheterosexuals:
Environmental Stressors, Genetics, and the HPA and HPG Axes 295

Heim, C., Newport, D. J., Mletzko, T., Miller, A. H., and Hemeroff, C. B. 2008. The link
between childhood trauma and depression: Insights from HPA axis studies in
humans. Psychoneuroendocrinology, 33, 693-710.

Herzog, D. B.,, Newman, K. L., Yeh, C. J., and Warshaw, M. 1992. Body image satisfaction in
homosexual and heterosexual women. International Journal of Eating Disorders, 11,
391-396.

Hettema, ]. M., Prescott, C. A., Myers, ]J. M., Neale, M. C.,, and Kendler, K. S. 2005. The
structure of genetic and environmental risk factors for anxiety disorders in men
and women. Archives of General Psychiatry, 62, 182-189.

Hicks, R. A., and Pellegrini, R. ]. 1978. Handedness and anxiety. Cortex, 14, 119-121.

Hines, M., Johnston, K. J., Golombok, S., Rust, ]., Stevens, M., Golding, J., et al. 2002. Prenatal
stress and gender role behavior in girls and boys: A longitudinal, population study.
Hormones and Behavior, 42, 126-134.

Hinsch, B. 1992. Passions of the cut sleeve: The male homosexual tradition in China. University of
California Press, Berkeley.

Hu, S., Pattatucci, A. M. L., Patterson, C., Li, L., Fulker, D. W., Cherny, S. S., et al. 1995.
Linkage between sexual orientation and chromosome XQ28 in males but not in
females. Nature Genetics, 11, 248-256.

Johnson, J. G., Cohen, P., Kasen, S., Smailes, E., and Brook, J. S. 2001. Association of
maladaptive parental behavior with psychiatric disorder among parents and their
offspring. Archives of General Psychiatry, 58, 453-460.

Keller, M. C., and Miller, G. 2006. Resolving the paradox of common, harmful, heritable
mental disorders: Which evolutionary genetic models work best? Behavioral and
Brain Sciences, 29, 385-404.

Kendler, K. S., Gardner, C. O., and Prescott, C. A. 2002. Toward a comprehensive
developmental model for major depression in women. American Journal of
Psychiatry, 159, 1133-1145.

Kendler, K. S., Gardner, C. O., and Prescott, C. A. 2006. Toward a comprehensive
developmental model for major depression in men. American Journal of Psychiatry,
163, 115-124.

Kendler, K. S., Kuhn, J. W., and Prescott, C. A. 2004. Childhood sexual abuse, stressful life
events and risk for major depression in women. Psychological Medicine, 34, 1475-
1482.

Kendler, K. S., Neale, M. C., Kessler, R. C,, Heath, A. C,, and Eaves, L. J. 1992. Major
depression and generalized anxiety disorder: Same genes, (partly) different
environments. Archives of General Psychiatry, 49, 716-722.

Kendler, K. S., Neale, M. C,, Kessler, R. C., Heath, A. C., and Eaves, L. J. 1993. A longitudinal
twin study of personality and major depression in women. Archives of General
Psychiatry, 50, 853-862.

Kendler, K. S., Thornton, L. M., Gilman, S. E., and Kessler, R. C. 2000. Sexual orientation in a
US national sample of twin and nontwin sibling pairs. American Journal of
Psychiatry, 157, 1843-1846.

Khan, A. A., Jacobson, K. C., Gardner, C. O., Prescott, C. A., and Kendler, K. S. 2005.
Personality and comorbidity of common psychiatric disorders. British Journal of
Psychiatry, 186, 190-196.

King, M., Semlyen, ]J., Tai, S. S., Killaspy, H., Osborn, D., Popelyuk, D., et al. 2008. A
systematic review of mental disorder, suicide, and deliberate self harm in lesbian,
gay and bisexual people. Bmc Psychiatry, 8, 70.



296 Psychiatric Disorders — Worldwide Advances

Kirby, E. D., Geraghty, A. C.,, Ubuka, T., Bentley, G. E., and Kaufer, D. 2009. Stress increases
putative gonadotropin inhibitory hormone and decreases luteinizing hormone in
male rats. Proceedings of the National Academy of Sciences of the United States of
America, 106, 11324-11329.

Kirk, K. M., Bailey, J. M., Dunne, M. P., and Martin, N. G. 2000. Measurement models for
sexual orientation in a community twin sample. Behavior Genetics, 30, 345-356.

Koenig, J. 1., Kirkpatrick, B., and Lee, P. 2002. Glucocorticoid hormones and early brain
development in schizophrenia. Neuropsychopharmacology, 27, 309-318.

Kurdek, L. A. 1998. Relationship outcomes and their predictors: Longitudinal evidence from
heterosexual married, gay cohabiting, and lesbian cohabiting couples. Journal of
Marriage and the Family, 60, 553-568.

Langstrom, N., Rahman, Q. Carlstrom, E., and Lichtenstein, P. 2010. Genetic and
environmental effects on same-sex sexual behavior: A population study of twins in
Sweden. Archives of Sexual Behavior, 39, 75-80.

Laurent, A., Gilvarry, C., Russell, A., and Murray, R. 2002. Personality dimensions and
neuropsychological performance in first-degree relatives of patients with
schizophrenia and affective psychosis. Schizophrenia Research, 55, 239-248.

Lehavot, K., and Simoni, J. M. 2011. The impact of minority stress on mental health and
substance use among sexual minority women. Journal of Consulting and Clinical
Psychology, 79, 159-170.

Lenderking, W. R., Wold, C., Mayer, K. H., Goldstein, R., Losina, N., and Seage, G. R. 1997.
Childhood sexual abuse among homosexual men - Prevalence and association with
unsafe sex. Journal of General Internal Medicine, 12, 250-253.

Lewis, N. M. 2009. Mental health in sexual minorities: Recent indicators, trends, and their
relationships to place in North America and Europe. Health & Place, 15, 1029-1045.

Lidz, T. 1993. A genetic study of male sexual orientation: Reply. Archives of General
Psychiatry, 50, 240-240.

Lippa, R. A. 2003. Handedness, sexual orientation, and gender-related personality traits in
men and women. Archives of Sexual Behavior, 32, 103-114.

Lupien, S. J., McEwen, B. S., Gunnar, M. R., and Heim, C. 2009. Effects of stress throughout
the lifespan on the brain, behaviour and cognition. Nature Reviews Neuroscience, 10,
434-445.

Malaspina, D., Harlap, S., Fennig, S., Heiman, D., Nahon, D., Feldman, D., et al. 2001.
Advancing paternal age and the risk of schizophrenia. Archives of General Psychiatry,
58, 361-367.

Manolio, T. A., Collins, F. S., Cox, N. J., Goldstein, D. B., Hindorff, L. A., Hunter, D. J,, et al.
2009. Finding the missing heritability of complex diseases. Nature, 461, 747-753.

Mansergh, G., Colfax, G. N., Marks, G., Rader, M., Guzman, R., and Buchbinder, S. 2001. The
Circuit Party Men's Health Survey: Findings and implications for gay and bisexual
men. American Journal of Public Health, 91, 953-958.

Mays, V. M., and Cochran, S. D. 2001. Mental health correlates of perceived discrimination
among lesbian, gay, and bisexual adults in the United States. American Journal of
Public Health, 91, 1869-1876.

McKirnan, D. J., and Peterson, P. L. 1989a. Alcohol and drug use among homosexual men
and women: Epidemiology and population characteristics. Addictive Behaviors, 14,
545-553.



Explanations for Elevated Psychiatric Vulnerability in Nonheterosexuals:
Environmental Stressors, Genetics, and the HPA and HPG Axes 297

McKirnan, D. J., and Peterson, P. L. 1989b. Psychological and cultural factors in alcohol and
drug abuse: An analysis of a homosexual community. Addictive Behaviors, 14, 555-
563.

Meek, L. R,, Schulz, K. M., and Keith, C. A. 2006. Effects of prenatal stress on sexual partner
preference in mice. Physiology & Behavior, 89, 133-138.

Meyer, I. H. 1995. Minority stress and mental-health in gay men. Journal of Health and Social
Behavior, 36, 38-56.

Meyer, 1. H. 2003. Prejudice, social stress, and mental health in lesbian, gay, and bisexual
populations: Conceptual issues and research evidence. Psychological Bulletin, 129,
674-697.

Miller, J. D., and Lynam, D. 2001. Structural models of personality and their relation to
antisocial behavior: A meta-analytic review. Criminology, 39, 765-798.

Mills, T. C., Paul, J., Stall, R., Pollack, L., Canchola, J., Chang, Y. J., et al. 2004. Distress and
depression in men who have sex with men: The urban men's health study. American
Journal of Psychiatry, 161, 278-285.

Murray, S. O., and Roscoe, W., eds. 1998. Boy-wives and female-husbands: Studies in African
homosexualities. Palgrave Macmillan, Melbourne.

Mustanski, B. S., Bailey, J. M., and Kaspar, S. 2000. Dermatoglyphics, handedness, sex, and
sexual orientation. Pp. 113-122. International Behavioral Development Symposium:
Biological Basis of Sexual Orientation, Gender Identity, and Gender-Typical
Behavior. Kluwer Academic/Plenum Publ, Minot, North Dakota.

Mustanski, B. S., DuPree, M. G., Nievergelt, C. M., Bocklandt, S., Schork, N. J., and Hamer,
D. H. 2005. A genomewide scan of male sexual orientation. Human Genetics, 116,
272-278.

Neale, M. C., and Cardon, L. R. 1992. Methodology for genetic studies of twins and families.
Kluwer, Boston.

Nelson, E. C.,, Heath, A. C.,, Madden, P. A. F,, Cooper, M. L., Dinwiddie, S. H., Bucholz, K.
K., et al. 2002. Association between self-reported childhood sexual abuse and
adverse psychosocial outcomes - Results from a twin study. Archives of General
Psychiatry, 59, 139-145.

Neufang, S., Specht, K., Hausmann, M., Gunturkun, O., Herpertz-Dahlmann, B., Fink, G. R.,
et al. 2009. Sex differences and the impact of steroid hormones on the developing
human brain. Cerebral Cortex, 19, 464-473.

Noorbala, A. A., Ramezanzadeh, F., Abedinia, N., and Naghizadeh, M. M. 2009. Psychiatric
disorders among infertile and fertile women. Social Psychiatry and Psychiatric
Epidemiology, 44, 587-591.

Nordstrom, P., Schalling, D., and Asberg, M. 1995. Temperamental vulnerability in
attempted-suicide. Acta Psychiatrica Scandinavica, 92, 155-160.

O'Connor, T. G., Deater-Deckard, K., Fulker, D., Rutter, M., and Plomin, R. 1998. Genotype-
environment correlations in late childhood and early adolescence: Antisocial
behavioral problems and coercive parenting. Developmental Psychology, 34, 970-981.

Ogilvie, A. D., Battersby, S., Bubb, V. ], Fink, G., Harmar, A. J., and Goodwim, G. M. e. a.
1996. Polymorphism in seretonin transporter gene associated with susceptibility to
major depression. Lancet, 347, 731-733.

Ormel, J., Oldehinkel, A.J., and Vollebergh, W. 2004. Vulnerability before, during, and after
a major depressive episode: A 3-wave population-based study. Archives of General
Psychiatry, 61, 990-996.



298 Psychiatric Disorders — Worldwide Advances

Ostlie, I. L., Johansson, 1., Aasland, A., Flato, B., and Moller, A. 2010. Self-rated physical and
psychosocial health in a cohort of young adults with juvenile idiopathic arthritis.
Scandinavian Journal of Rheumatology, 39, 318-325.

Pariante, C. M., and Lightman, S. L. 2008. The HPA axis in major depression: classical
theories and new developments. Trends in Neurosciences, 31, 464-468.

Paul, J. P., Catania, J., Pollack, L., and Stall, R. 2001. Understanding childhood sexual abuse
as a predictor of sexual risk-taking among men who have sex with men: The Urban
Men's Health Study. Child Abuse & Neglect, 25, 557-584.

Peper, J. S., Brouwer, R. M., van Leeuwen, M., Schnack, H. G., Boomsma, D. I,, Kahn, R. S,, et
al. 2010. HPG-axis hormones during puberty: A study on the association with
hypothalamic and pituitary volumes. Psychoneuroendocrinology, 35, 133-140.

Plomin, R. 1994. Genetics and experience: The developmental interplay between nature and nurture.
Sage, Newbury Park, CA.

Posthuma, D., Beem, A. L., de Geus, E. ]J. C,, van Baal, G. C. M., von Hjelmborg, J. B.,
Lachine, I, et al. 2003. Theory and practice in quantitative genetics. Twin Research,
6, 361-376.

Rahman, Q. 2005a. Fluctuating asymmetry, second to fourth finger length ratios and human
sexual orientation. Psychoneuroendocrinology, 30, 382-391.

Rahman, Q. 2005b. The neurodevelopment of human sexual orientation. Neuroscience and
Biobehavioral Reviews, 29, 1057-1066.

Rahman, Q., and Wilson, G. D. 2003a. Large sexual-orientation-related differences in
performance on mental rotation and judgment of line orientation tasks.
Neuropsychology, 17, 25-31.

Rahman, Q., and Wilson, G. D. 2003b. Sexual orientation and the 2nd to 4th finger length
ratio: evidence for organising effects of sex hormones or developmental instability?
Psychoneuroendocrinology, 28, 288-303.

Reichenberg, A., Gross, R., Weiser, M., Bresnahan, M., Silverman, J., Harlap, S., et al. 2006.
Advancing paternal age and autism. Archives of General Psychiatry, 63, 1026-1032.

Repetti, R. L., Taylor, S. E, and Seeman, T. E. 2002. Risky families: Family social
environments and the mental and physical health of offspring. Psychological
Bulletin, 128, 330-366.

Rice, G., Anderson, C., Risch, N., and Ebers, G. 1999. Male homosexuality: Absence of
linkage to microsatellite markers at Xq28. Science, 284, 665-667.

Rohde, P., Lewinsohn, P. M., and Seeley, J. R. 1991. Comorbidity of unipolar depression II:
Comorbidity with other mental disorders in adolescents and adults. Journal of
Abnormal Psychology, 100, 214-222.

Romeo, R. D. 2010. Pubertal maturation and programming of hypothalamic-pituitary-
adrenal reactivity. Frontiers in Neuroendocrinology, 31, 232-240.

Rothman, E. F., Exner, D., and Baughman, A. L. 2011. The prevalence of sexual assault
against people who identify as gay, lesbian, or bisexual in the United States: A
systematic review. Trauma Violence & Abuse, 12, 55-66.

Saha, S., Barnett, A. G., Foldi, C., Burne, T. H., Eyles, D. W., Buka, S. L., et al. 2009.
Advanced paternal age is associated with impaired neurocognitive outcomes
during infancy and childhood. Plos Medicine, 6.

Sandfort, T. G. M., Bakker, F., Schellevis, F. G., and Vanwesenbeeck, I. 2006. Sexual
orientation and mental and physical health status: Findings from a Dutch
population survey. American Journal of Public Health, 96, 1119-1125.



Explanations for Elevated Psychiatric Vulnerability in Nonheterosexuals:
Environmental Stressors, Genetics, and the HPA and HPG Axes 299

Sandfort, T. G. M., de Graaf, R., Bijl, R. V., and Schnabel, P. 2001. Same-sex sexual behavior
and psychiatric disorders: Findings from the Netherlands Mental Health Survey
and Incidence Study (NEMESIS). Archives of General Psychiatry, 58, 85-91.

Santtila, P., Sandnabba, N. K., Harlaar, N., Varjonen, M., Alanko, K., and von der Pahlen, B.
2008. Potential for homosexual response is prevalent and genetic. Biological
Psychology, 77, 102-105.

Sell, R. L., Wells, J. A., and Wypij, D. 1995. The prevalence of homosexual behavior and
attraction in the United States, the United Kingdom and France: Results of national
population-based samples. Archives of Sexual Behavior, 24, 235-248.

Semple, D. M., McIntosh, A. M., and Lawrie, S. M. 2005. Cannabis as a risk factor for
psychosis: systematic review. Journal of Psychopharmacology, 19, 187-194.

Soares, C. D., Almeida, O. P,, Joffe, H., and Cohen, L. S. 2001. Efficacy of estradiol for the
treatment of depressive disorders in perimenopausal women - A double-blind,
randomized, placebo-controlled trial. Archives of General Psychiatry, 58, 529-534.

Stolte, I. G., and Coutinho, R. A. 2002. Risk behaviour and sexually transmitted diseases are
on the rise in gay men, but what is happening with HIV? Current Opinion in
Infectious Diseases, 15, 37-41.

Stoltenborgh, M., van ljzendoorn, M. H., Euser, E. M., and Bakermans-Kranenburg, M. J.
2011. A global perspective on child sexual abuse: Meta-analysis of prevalence
around the world. Child Maltreatment, 16, 79-101.

Sullivan, P. F., de Geus, E. J. C., Willemsen, G., James, M. R., Smit, J. H., Zandbelt, T., et al.
2009. Genome-wide association for major depressive disorder: a possible role for
the presynaptic protein piccolo. Molecular Psychiatry, 14, 359-375.

Sullivan, P. F.,, Kendler, K. S., and Neale, M. C. 2003. Schizophrenia as a complex trait:
Evidence from a meta-analysis of twin studies. Archives of General Psychiatry, 60,
1187-1192.

Sullivan, P. F., Neale, M. C,, and Kendler, K. S. 2000. Genetic epidemiology of major
depression: Review and meta-analysis. American Journal of Psychiatry, 157, 1552-
1562.

Swaab, D. F. 2008. Sexual orientation and its basis in brain structure and function.
Proceedings of the National Academy of Sciences of the United States of America, 105,
10273-10274.

Swaab, D. F., Bao, A. M., and Lucassen, P. J. 2005. The stress system in the human brain in
depression and neurodegeneration. Ageing Research Reviews, 4, 141-194.

Swaab, D. F., and Garcia-Falgueras, A. 2009. Sexual differentiation of the human brain in
relation to gender identity and sexual orientation. Functional Neurology, 24, 17-28.

The International Schizophrenia Consortium. 2009. Common polygenic variation
contributes to risk of schizophrenia and bipolar disorder. Nature, 460, 748-752.

Tollenaar, M. S., Beijers, R., Jansen, J., Riksen-Walraven, J. M. A., and de Weerth, C. 2011.
Maternal prenatal stress and cortisol reactivity to stressors in human infants. Stress-
the International Journal on the Biology of Stress, 14, 53-65.

Tomeo, M. E., Templer, D. I, Anderson, S., and Kotler, D. 2001. Comparative data of
childhood and adolescence molestation in heterosexual and homosexual persons.
Archives of Sexual Behavior, 30, 535-541.

Tranah, T., Harnett, P., and Yule, W. 1998. Conduct disorder and personality. Personality and
Individual Differences, 24, 741-745.



300 Psychiatric Disorders — Worldwide Advances

van Goozen, S. H. M., Slabbekoorn, D., Gooren, L. J. G., Sanders, G., and Cohen-Kettenis, P.
T. 2002. Organizing and activating effects of sex hormones in homosexual
transsexuals. Behavioral Neuroscience, 116, 982-988.

Vasey, P. L., and VanderLaan, D. P. 2007. Birth order and male androphilia in Samoan
fa'afafine. Proceedings of the Royal Society B-Biological Sciences, 274, 1437-1442.
Verweij, K. J. H., Zietsch, B. P, Liu, J. Z,, Medland, S. E., Lynskey, M. T., Madden, P. A. F,, et
al. 2011. No association of candidate genes with cannabis use in a large sample of
Australian twin families. Addiction Biology, electronic publication ahead of print

doi:10.1111/§.1369-1600.2011.00320.x.

Verweij, K. J. H., Zietsch, B. P., Medland, S. E., Gordon, S. D., Benyamin, B., Nyholt, D. R,, et
al. 2010. A genome-wide association study of Cloninger's Temperament scales:
Implications for the evolutionary genetics of personality. Biological Psychology, 85,
306-317.

Walf, A. A, and Frye, C. A. 2006. A review and update of mechanisms of estrogen in the
hippocampus and amygdala for anxiety and depression behavior.
Neuropsychopharmacology, 31, 1097-1111.

Weinstock, M. 2007. Gender differences in the effects of prenatal stress on brain
development and behaviour. Neurochemical Research, 32, 1730-1740.

Yang, J. A., Benyamin, B., McEvoy, B. P., Gordon, S., Henders, A. K., Nyholt, D. R,, et al.
2010. Common SNPs explain a large proportion of the heritability for human
height. Nature Genetics, 42, 565-U131.

Yeo, R. A., and Gangestad, S. W. 1993. Developmental origins of variation in human hand
preference. Genetica, 89, 281-296.

Yeo, R. A, Gangestad, S. W., and Daniel, W. F. 1993. Hand preference and developmental
instability. Psychobiology, 21, 161-168.

Yeo, R. A, Gangestad, S. W., Edgar, C., and Thoma, R. 1999. The evolutionary genetic
underpinnings of schizophrenia: the developmental instability model. Schizophrenia
Research, 39, 197-206.

Young, E., and Korszun, A. 2010. Sex, trauma, stress hormones and depression. Molecular
Psychiatry, 15, 23-28.

Young, E. A, Midgley, A. R, Carlson, N. E., and Brown, M. B. 2000. Alteration in the
hypothalamic-pituitary-ovarian axis in depressed women. Archives of General
Psychiatry, 57, 1157-1162.

Zarrour, F. A., Artz, S., Griffith, J., Sirbu, C., and Kommor, M. 2009. Testosterone and
depression: Systematic review and meta-analysis. Journal of Psychiatric Practice, 15,
289-305.

Zietsch, B. P., Morley, K. I, Shekar, S. N., Verweij, K. J. H., Keller, M. C., Macgregor, S., et al.
2008. Genetic factors predisposing to homosexuality may increase mating success
in heterosexuals. Evolution and Human Behavior, 29, 424-433.

Zietsch, B. P, Verweij, K. J. H,, Bailey, J. M., Wright, M. J., and Martin, N. G. 2011. Sexual
orientation and psychiatric vulnerability: a twin study of Neuroticism and
Psychoticism. Archives of Sexual Behavior, 40, 133-142.

Zietsch, B. P., Verweij, K. J. H., Heath, A. C., Madden, P. A., Martin, N. G., Nelson, E. C,, et
al. in press. Do shared etiological factors contribute to the relationship between
sexual orientation and major depressive disorder? Psychological Medicine.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [481.890 680.315]
>> setpagedevice


