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CHAPTER TEN

Twin studies—
the strongest evidence

Over the last decade, studies of twins have provided some of the
strongest evidence that “Our genes do not make us do it”—which
makes this chapter probably the most important in the book.
Results from twin studies are quantitative, so they greatly focus and
sharpen the results of many other studies we’ve mentioned so far.

In a nutshell, if you take pairs of identical twins in which one
twin is homosexual, the identical co-twin (a monozygotic (MZ)
twin) is usually not homosexual. That means, given that identical
twins are always genetically identical, homosexuality cannot be
genetically dictated. No-one is born gay. The predominant things
that create homosexuality in one identical twin and not in the
other have to be post-birth factors. Hold on to this simple thought
as you navigate the complex world of twin studies in the pages of
this chapter.

Four other points to take note of on the way through:

e Saying a trait is, e.g 10 % “genetic” is nothing extraordinary.
There is at least a 10 % genetic effect in anything humans are
and do, simply because without bodies we can’t act in the envi-
ronment at all. “Genetic” effects are experienced by everyone
because we all have bodies. So homosexuality is like any other
human trait

e Any genetic effects are mostly quite indirect

e For SSA they are weak

e They become relatively less important in the face of contrary
environmental input
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There is also good news in this chapter for parents who
(usually mistakenly) hold themselves responsible for homosexual-
ity in their children, either genetically or socially.

[A note about the organisation of this chapter. The first section
deals with homosexual concordance in identical twins, because
it illustrates so much. The second section deals with the more
classical twin studies and their limitations. Readers may pass over
the second section if it seems too technical and move on to the
summary. |

SECTION ONE

Twin studies

Twins have been invaluable to medical research for a long time,
though sometimes in appalling ways. Twin study research probably
reached its nadir during the Second World War, when Josef
Mengele, a researcher at the Auschwitz concentration camp, delib-
erately sought out identical twins for experiments. Sometimes he
would kill one twin by poisonous injection, dissect that twin to see
its effects, then immediately kill the co-twin to see the differences.

The founders of twin studies were very frequently involved
in Third Reich theories of Aryan racial superiority and in favour
of ethnic cleansing. Today twin studies are used constructively.

By June 2010, about 33,000 scientific papers in medical databases
mentioned twins and new papers are being published at the rate of
a few thousand a year.

Traditionally, twin studies first compare identical twins to
gauge the effects of genetics (a high similarity probably means
high genetic influence), and then quickly add non-identical twins
(fraternal/dizygotic (DZ) twins), to give extra information about
the relative importance of upbringing. *

*We will follow that order in this chapter, but emphasise identical twins because of
unusual mathematical difficulties for SSA studies which arise when the non-identi-
cal twins (fraternal or dizygotic, DZ twins) are added in.
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Concordance for SSA

Twin registers are the foundation of modern twin studies. They are
now very large, and exist in many countries. A gigantic European
twin register with a projected 600,000 members is being organised,
but one of the largest in use is in Australia,! with more than 25,000
twins on the books, all of whom are prepared to assist in general
research. If we use a register of identical (MZ) twins and find pairs
in which one twin has SSA, we can then see if the other twin does
or does not have SSA. This finding gives what is called the pairwise
concordance. Readers should note that often a different measure is
used without explanation or warning, called the probandwise con-
cordance. This is a much less intuitive measure, needed for classical
twin study calculations. It is often much higher than the pairwise
concordance and when used without explanation, can give the
impression that genetic influence is much higher for the trait under
study than it actually is. The pairwise concordances in this chapter
answer in an intuitive way the simple question—if one twin of an
identical pair is SSA, what percentage of co-twins are also SSA?
Jones and Yarhouse,? for the important Australian Bailey et al.
(2000)* SSA twin study paper, find that for self-declared lesbians
and gays the pairwise concordance is 14 % and 11 % respectively.
Anyone can verify this in the original paper. Five, mostly later very
large studies, gave very similar results. The pattern is similar for

males and females, looks like Figure 22.

Figure 22. Concordance for SSA in identical twins is one in nine.

non-SSA SSA

Identical Twins
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This means that for every nine sets of male identical (MZ)
twins, one of whom is homosexual, the other is homosexual only
one time in nine, or 11 % of the time, which is not very much. That
is, identical twins usually differ.

What 11 % concordance means

What does what 11 % concordance mean?

It does not mean that 11 % of identical twins have SSA.
Numerous studies of western populations (Chapter Two) have
shown that homosexuality (including bisexuality) is present in
something between 2-3 % of people, and this, of course, includes
twins, e.g Figure 23 shows 100 hypothetical twin pairs taken from
a twin registry. Of those 200 individuals only 4 (roughly 2-3 % of
them) [shown by the gray squares] have SSA. There are not enough
pairs to show the rarer pairs both of whom have SSA and are
therefore concordant.

one pair of twins
| 100 twin pairs, 200 individuals

[

H

Figure 23. Prevalence of SSA in twins

Nor does 11 % concordance mean for any concordant pair, that
they only, and none of the other twin pairs, are affected by genetic
factors. All the twins (and everybody else in the world for that
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matter) are equally exposed to genetic effects, environmental effects
and chance.

Nor does 11 % concordance mean that homosexuality is geneti-
cally inevitable for 11 % of the homosexual population. Eleven per
cent concordance simply shows that when one of a twin pair from
a general twin registry is homosexual, his co-twin is homosexual
one time in nine, or 11 % of the time.

Twin studies give information about family environments

It’s also important to emphasise that in twin studies concordance
is not only a kind of catch-all for any biological factors in common,
e.g things like biological environment before birth, but also for
common post-birth environmental factors. Identical twins not only
have identical genes, but they (usually) grow up in the same family
environment. So Figure 22 illustrates the combined effects of a
shared genetic inheritance and a shared home environment. (This
is rather ambiguous but we shall see it still gives crucial informa-
tion in the case of SSA.) At only 11 % concordance we have to say
that at first sight for SSA, it seems that neither genes nor upbring-
ing is very important. Put another way, in homosexuality the
practical effect of genes, other shared pre-natal biological factors,
and a shared home environment, is weak. (More about the shared
family environment later.) So if shared factors are not important
what is? In SSA it is non-shared factors: things happening to one
twin but not the other, or a personal response to an event by one
of the twins and not the other (that response having far-reaching
effects.)

We will call this non-shared fraction, the random or chance
factor and for SSA it is 89 %.

We also want to emphasise that the use of pairwise concord-
ances we are making here is for illustration not for proof. To get
a more accurate picture you also need to consider how often SSA
occurs in the general population and/or what the concordance
is for fraternal twins, (see Section Two, on classic twin studies.)
However the fundamental point will remain true: the largest single
cause of SSA is random factors (meaning, factors affecting one
twin but not the other).
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Same-sex attraction is not inborn

We can now make our most important point:
Those with SSA are not born that way.

If factors in common like genetics or conditions in the womb
overwhelmingly cause SSA, then identical twins will always be
identical for SSA, i.e the SSA concordance would be 100 % . But
they are not 100 % concordant for SSA, so it is clear that post-natal
random factors are mostly responsible for SSA. We could also sum
up Figure 22 by saying that for SSA genes create a tendency, not a
tyranny. Even the tendency is weak. This is a critically important
principle.

In the discussion here we concentrate on adults and postpone
until Chapter Twelve the implications of even lower SSA concord-
ances in identical adolescent twin students in the 2002 paper on
SSA by Bearman and Brueckner.* * *

Twin studies cover all possible shared
biological influences—known and unknown

Our second important point is that because “genetic” in twin
studies includes everything from the shared biological environment
(Figure 22), twin studies reflect all genetic/biological influences,
those known and those not yet known. It is a statement of the
realities no matter how many details have yet to be scientifically
discovered. And many more details will be discovered as scientific
papers continue to find new factors at the rate of about one every
year. Remarkably, twin studies summarise all the shared biological
effects on developing twin embryos that will ever be discovered.
And, to repeat: at 11 % the combined genetic effects are weak for
SSA.

**In 2002 Bearman and Brueckner described part of a large ongoing study of tens

of thousands of adolescent students in the USA. From this sample they chose a

large number of twins and other relations for genetic studies. The SSA concordance
between MZ twins was only 7.7 % for males and 5.3 % for females—lower than the
11% and 14 % in the Australian study by Bailey et al. (2000). But in Chapter Twelve
we show that SSA adolescents are a special case—generally changing their attrac-
tions from year to year.
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This degree of concordance now has the backing of half a
dozen major twin studies so is very unlikely to change. So the
following conclusion will not change in the future either:

The predominant cause of SSA both in men and
women is individual post-natal random reactions to
biological and environmental factors.

As clear as this conclusion is, it has not been foremost in the
thinking of academics because research has tended to concen-
trate on the question, “Is SSA genetic?” and this has caused some
problems of interpretation,

For example, the book, Born Gay® uses twin studies (predomi-
nantly) to argue that 30 % of SSA is due to genes and the remaining
70 % to abnormal hormonal exposure in the womb. (The authors
argued that either high or low hormonal exposure for one identical
twin but not the other could account for non-concordances in
SSA.)

But this is fallacious. If twins share the same womb environ-
ment, then any hormonal effect on one twin will be experienced
by the other. It is well-known in DZ (fraternal) twins (on separate
placentas) that a girl is very slightly masculinised by the testo-
sterone from her brother twin. It follows then that MZ (identical)
twins, sharing the same sac and in many cases a joined blood circu-
lation, will be even more mutually influenced.

Unusually high hormone levels are part of the shared pre-birth
biological environment and unusually low levels in one twin tend
to be compensated for by the other twin, creating a levelling out of
exposure.

So, if, as the authors of Born Gay suggest, one of the twins is
exposed to an extreme (and unlikely) hormonal influence causing
homosexuality, then both twins would be affected by it and both
would be homosexual. However, twin studies show they are
not—in 89 % of cases.

As a shared effect, hormonal exposure properly belongs in the
twin study “genetic category,” which the authors rate at 30 % . This
is a weak to modest effect.
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SSA concordance compared with
concordance for other conditions/traits

In Figure 24 we compare the degree of pairwise concordance for
SSA with pairwise concordance for other traits and conditions, to
give some perspective. We concentrate on low concordance condi-
tions. On the left is lung cancer with an almost zero concordance.
This means that if one MZ twin has it, the co-twin almost always
does not. This illustrates that neither common environment nor
genetics is responsible for lung cancer, but chance or random
factors.

SSA at only 11 % concordance is therefore strongly dominated
(89 %) by chance. Few other conditions produce such MZ twin dif-
ferences except the cancers, stroke and criminality (not shown).

This conclusion should be spelt out again in a slightly different
form: the largest factor in SSA twin studies is non-shared influences,
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Figure 24. Some low pairwise concordances for identical twins. (Taken
from PubMed.) The male figure is given for SSA.

1. Cognitive impairment® 2. Lung Cancer’ 3. Skin cancer® 4. Eclampsia®
5. Neural tube defects'® 6. Systemic sclerosis!! 7. Neurotic conditions'?
8. Stroke!™ 9. Ventricle septum defects!* 10. Breast Cancer'® 11. SSA!

12. Missing/extra teeth!® 13. Parkinson’s!” 14. Bulimia'® 15. Leukemia'®
16. Malformation?’
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i.e random or chance events: things happening to one twin but not
the other, or different perceptions of, e.g upbringing or a one-off
event, causing it to have special significance for one but not the
other.

In contrast to SSA, left-handedness has a 13.5% concordance
similar to that of SSA. The difference is that the gene/left-hand-
edness connection is now much better established, while nothing
clear has been found for SSA. Even given the genetic connections
to left-handedness, it is still overwhelmingly due to non-shared
environment—chance.”?

Gene penetrance

Poor gene penetrance is a red herring

An argument sometime advanced to explain low concordance in
twin studies for SSA is poor gene penetrance. This holds that there
is a gene which is important and responsible for the trait but for
unknown reasons (probably connected to cell biochemistry) it
does not exert its effects in those without the trait. Low penetrance
indeed exists but classical twin studies cannot possibly untangle

it from other chance effects in the environment. However, to

argue poor gene penetrance you must first find the gene (or genes)
involved, then show that they switch off in some conditions. But,
as discussed in Chapter Nine, no such homosexual gene has been
found or is expected to be. In addition, penetrance as an explana-
tion for gene effects is unusual. Sir Michael Rutter says “Pen-
etrance is not very usual for single gene effects.”?! Thirdly, the con-
cordance for MZ twins with SSA is so low that if poor penetrance
is responsible it is unusually poor penetrance. So an argument that
low penetrance is happening in this case is very unlikely indeed.

The poor penetrance argument involves three layers of speculation:

e that SSA genes exist;

e that they are switching off in one twin and not the other

e that the penetrance effect is unusually weak for SSA
compared with other traits

182

Chapter Ten: Twin studies—the strongest evidence

Low penetrance is no explanation for low pairwise concord-
ances. Rather, from the perspective of our best present knowledge,
the effects of genes and shared environment are low, and random
events dominate.

Summary

One thing seems clear: any genetic contribution to SSA is much
less than in most traits for which genetic influence has been
measured. SSA seems 90 % a result of random factors. SSA is in
fact a good example of not being “born that way”!

Higher SSA concordances from pre-register studies (before
2000) are now agreed to have resulted from an unusual degree of
“volunteer error” and are often given as probandwise concordance
(see p176), which is considerably higher than the 11 % result.

It is also salutory to note that the better the twin sample, the
lower the SSA concordance, i.e the lower the genetic influence. In
other words volunteer bias greatly exaggerated those early results,
which are unfortunately still quoted widely.

Some might expect concordances for male SSA to be different
from concordances for lesbianism, but concordance for both men
and women is unusually low. At 11 %-14 % this suggests that
shared genetic and environmental factors are weak in both cases
and that something else is going on. Again we posit idiosyncratic
responses to random/chance factors.

Minimal effect of family environment

A second feature of these pairwise MZ twin study data is the
apparent minor effect of family environment (upbringing) on the
development of SSA. Both shared biological effects and common
family environment added together produce only an 11 %-14 %
pairwise concordance. Fuller studies, which include DZ twins,
also usually show that for SSA the effect of upbringing is low and
even less than that of genes. Parents take note: according to twin
studies of SSA, you are usually not directly involved in making a son
or daughter gay, either genetically or through parenting.

Those who know classical twin study results will immediately
recognise a common pattern. Results from twin studies for very

183



NE and BK Whitehead

many traits show family influence is less than genetic influence.
However lack of family influence is a controversial issue. Develop-
mental psychologists didn’t believe it—they noticed many obvious
effects of family environment in their clinics. But the twin studies
experts stuck to their statistical conclusions, and argued that the
third factor, randomness (in our terms individual reactions to
chance events) is even more important than genes or family. They
then found that many shared family influences were hidden in that
random group, so family effects only seem very small but they are
hard to separate from the true random effects.

There is a lot of evidence (see Chapter Three) that (hetero)
sexual orientation is usually developed in the family first through
imitating the gender patterns of the same-sex parent and siblings,
though soon the same-sex peer environment becomes much more
important. But random/chance factors strongly affect this learning.
Perhaps we should note here that Robert Plomin, whom we met in
earlier chapters, has devoted some decades of his career to finding
what produces differences in family members and also twins.
Importantly he concludes that genes tend to make people more
similar, and environmental random factors tend to make them
differ more.”

What might random environmental factors be?

Random factors could include: perhaps the sexual abuse of one
twin but not the co-twin; perhaps reactions to perceived parental
preference of one twin above the other; maybe one twin is exposed
to gay pornography and develops a habit, but his co-twin does not;
maybe one male twin misinterprets his intense envy and admira-
tion of confident, popular boys and wonders if he is gay; perhaps
one is persistently unlucky with girls, unlike his co-twin, and
seriously questions whether he may be gay; one might be the target
of denigrating sexual innuendo from other males, but not the
co-twin; a slightly gender-atypical physical feature may sometimes
be taken obsessively to heart by one child, but not another.

Twin study researchers say it is random factors (chance occur-
rences), which predominate in the development not just of homo-
sexuality but many other traits. From the point of view of twin
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studies, if the question is asked: is SSA mostly nature or nurture?
the answer would best be, Neither, it is mostly chance events. This is
an unexpected and probably unwelcome answer to the decades-old
nature/nurture argument!

So family effects and randomness are both important. But how
can a family effect appear as randomness? The linking idea is that
the unusual random event is very influential.

More about the (extra-)ordinary factor, the chance event

Our brains have a way of filtering out the routine and remembering
the unusual. For example, we don’t remember every cup of coffee
we’ve had; we edit out the vast majority and remember only the
unusually bad or unusually good. What is rare or unusual stays in
our mind. (This is probably the reason why people persistently bet
on dark horses, an irrational behaviour which has puzzled psychol-
ogists, but been exploited by bookies for centuries.) Similarly the
routine years of good care that children receive from parents fades
into the background and tends to be overridden by reaction to a
few events in the family—which assume great significance for one
child, but not another.

Some of the extremely unusual incidents are therefore extraor-
dinarily powerful influences. This can include early sexual expe-
rience. Sexual activity is not usually observed by children round
the home—so pornographic images falling into the hands of an
insecure but hormonally charged adolescent can burn themselves
into the memory and affect sexual responses. Unusual random
events can impresses themselves on our memory, and affect our
responses and behaviour for years. Many homosexual men and
women, recalling incidents which they believe were instrumental
in the development of their SSA, will recount clear early memories
of one particular thing done or said in families that deeply influ-
enced their later choices.

Examples of other powerful unusual factors are given later in
this chapter.
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Different perceptions of the same environment

The different way two people can describe the same incident helps
us understand why the effect of the shared family environment
seems so small in twin studies. The environment is the same but
the perception of it and one’s upbringing can be quite different in
the eyes of different members of the same family. Bailey conducted
interviews with a number of identical twins discordant for SSA,

i.e one had SSA the other didn’t. He found ways in which they had
perceived the same family environment differently. These different
perceptions show up in the twin study data as random occurrences,
and they are. But what they also can be, are different reactions to

the same environment. They may represent the reactions of a twin,
who for example, mistakenly takes it into his head that his parents
don’t like him nearly as much as his brother. Parents can often give
a wrong impression to an immature mind, and no-one is really to
blame. Nor has the child chosen this perception. It just happened,
though it may be quite inaccurate. Virtually all researchers would
agree that intentional choice has not been a significant factor in the
development of SSA.

An illustration of this divergent reaction is a study which
showed that MZ twins experience the same classroom differently.?
MZ twins can and do react differently to the same circum-
stances. (Of course, children who are not twins can also react very

differently.)
Therefore:

Upbringing and shared social environments are
showing up after all, but heavily disguised as random
factors. Put another way, the random category in SSA
twin studies carries within it a significant influence
of upbringing and family environment, responded to
differently.

So, the random contribution includes upbringing and common
environment while appearing to exclude them. Much more research
is needed on this, since it is these random, yet often environmental
events, which are predominantly responsible for SSA.
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What are the implications for parents in all this? Children are
children, and immature. Check from time to time. Have they really
perceived an important event in the family accurately? How deeply
did an unusual event affect them? Do you need to diminish its
importance or explain it for them?

Perhaps your son or daughter is gay. Probably its origin had
nothing to do with you. But you may be blaming yourself, or others
may be blaming you when its roots really lie in major mispercep-
tions of events, and some resolution might be possible.

In rare cases, parents may have been more deeply implicated,
e.g long-term emotional distance from a child or abusive treatment.
Personal reform and making amends may help reduce the distance
and lessen the drive for same-sex love over time.

Factors important to some people with SSA

There is a wrong but popular impression that SSA development is
a great mystery. But in many ways it’s no more mysterious than
the development of heterosexuality. And most people with SSA can
point to several factors which were of some importance.

Otis and Skinner® in a non-twin study identified some of them
by sampling a group of SSA men and women who said the factors
in Figure 25 had at least some influence on their orientation.

Of course no-one directly experienced genetics as an important
factor! But perhaps some thought that a physical feature was
important, and perhaps obsessed about it. Many of us do! But in
most cases we can assume they had heard about probable genetic
influence from the media and from gay sources and ticked the box.

A little calculation shows that most people ticked a number of
factors. It thus seems, even for an individual, that multiple factors are
involved. This reflects the mainstream scientific view about behav-
ioural traits as expressed by Sir Michael Rutter: “The great bulk of
psychological traits...is multifactorial in origin.”?!

We now give an even more extensive list of things that people
may react to. The “thing” and the reaction to it can contribute to
SSA if other factors are in place. These things and reactions to
them are the “chance” factors we have been talking about. We have
drawn them from personal accounts of people with SSA and from
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Figure 25. Factors thought by gay and lesbian people to have had some
causal connection to their SSA

Percentage

the literature. Most people with SSA will say “Most factors on the
list were totally irrelevant to me, but a few were important”. The
important ones will differ from person to person; in no case will
one factor be important to the majority. Some are reactions to body
features, hence “genetic”. Some of the genetic influences are not
from personal experience, but are claimed to be significant. Others
are much more environmental, and include chance meetings and
individual reactions. Some may appear highly improbable on first
reading, but all have been important to someone. Some factors are in
both lists.

Some SSA people will identify with nothing on the list. If so
a little thought might turn up something which is significant. If an
event or feeling has been mulled over numerous times for years, it
is important, possibly formative and may even be a mind habit.

Reactions to factors of predominantly genetic origin: (16 factors)

e Artistic predisposition (men, particularly if allied to poor
sports coordination)
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e  Fluctuating asymmetry (includes left-handedness and irregular
physical features)

e Inherent gender atypicality (genetic influence is generally
found to be high for this feature)

e Intersex conditions (this is a special case, because gender
identity may not correspond to chromosomal identity. The vast
majority of SSA people are not intersex.)

e Congenital disability

e Left handedness (included because there is a modest genetic
contribution)

e Novelty seeking (in so far as this is genetic, it can lead to
trying many unusual sexual experiences)

e  Obesity (in women)

e Older brothers (men)

e Physical handicap (can include deafness, other handicaps)

e Polycystic ovaries

e  Poor coordination (in men, particularly in sports, the converse
for women)

e Retiring temperament/tomboy temperament (men/women
respectively)

e  Unattractive/ “unfeminine” physical features (in women)

e  Visio-spatial defects/aptitude (in men or women respectively)

e X-chromosome inactivation (in mother and if atypical and
extreme)

Reactions to factors of predominantly environmental origin
(46 factors).

e Adoption (possible disturbance of bonding and modelling)

e Alleviation of depression (having SS sex to lessen depression.)
e Bad luck in love (leading to self-questioning)

e Bad opposite sex experience

e Bullying (mainly males)

e Chance encounter (with an attractive same-sex partner)

e Discrimination (mainly reinforcing a position already adopted)
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Divorce (impacting perceptions of sexual adequacy in both
sexes)

Dreams (particularly sexual, leading to questioning of
orientation)

Easier sex (men—Iless commitment required for same sex)
Envy (of attractive same-sex attributes)

Exercise of power (demonstrating dominance)

Fashion (extreme concentration on aesthetic values—men)
Feelings of rejection

Fetishes (partialisms)

Gay culture attractive (shared aesthetic appreciation—males)
Gay pornography (mostly men)

Gay social pressure (mainly on bisexuals—to be either gay or
straight)

Habit (repeated pattern of responses)

Liberal cultural environment (encouraging experimentation)
Marriage resistance (lesbhian)

Maternal stress (SSA women only, affected by stress in
mother)

Middle age (women, may coincide with family leaving home)
Obesity (women)

Older brothers (men, included here because the biological
immune argument is highly speculative)

OSA intimacy problems (overlaps poor social skills)

Parental encouragement to be gender atypical (often for
amusement)

Parental negative messages (about gender inadequacy)
Passivity

Political climate (lesbian/feminist solidarity)

Polycystic ovaries

Poor social skills (more important for males)

Prescriptive cultural environment (many anthropological
examples)
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e Reactions to parents (no identification with same-sex parent:
sometimes a result of misperceptions)

e Rebelliousness (a rejection of same-sex stereotypes)

e Resistance to categorisation (women, leading to resisting the
prevailing gender environment)

e School peer pressure (denigration for lack of masculinity—
males)

e Sensual factors (seeking repetition of pleasure)

e Sexual abuse (same-sex for males, and opposite sex for
women)

e Sexual experimentation (prolonged, with same sex)

e Shyness (similar to poor social skills)

e Single parent family (absent male role mode for boys)

e  Slimming pills (Taken by mothers during pregnancy and
affecting daughters)

e Soul mate (quest for deep intimacy—women)

e Urban environment (opportunity and anonymity a factor )

e Verbal abuse (particularly about gender atypicality)

The “environmental” list is three times as long. That suggests
that although dominant environmental causes for SSA do not
exist, they may together comprise the majority of factors which are
important to people. Of course you may have a different list. The
genetic list also shows that genetic effects themselves are very indirect.
What is important is the individual cognitive/emotional reaction to
the genetic trait.
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SECTION TWO

It’s now time to look at the rather more complex classical twin
studies. This next section will amplify the points already made.
Skip it if you wish. Congratulations on getting this far!

Classical twin studies
(identical and non-identical twins)

Classical twin studies use both MZ and DZ twins, trying to disen-
tangle the relative contributions of genetics, shared environmental
experiences and non-shared experiences. Classical studies look at
more than just twin concordance.

The last half dozen twin studies on homosexuality
(1998-2010), are the most important. Studies earlier than 1998
suffered severely from volunteer errors, i.e twins (particularly MZ)
who were similar in sexual orientation tended to volunteer for the
SSA twin studies in much greater numbers than those who were
dissimilar, and this distorted the results, exaggerating the genetic
content much more than researchers thought possible. Later large
studies were done using the twin regdisters and when volunteers
signed up they didn’t know they would be asked about SSA. Below
we display only registry-derived results. These should greatly
diminish the bias problem, but not eliminate it, because even on
a twin-regdister, twins have to agree to take part in a given study.
Probably again, those twins who were both SSA and knew it, dis-
proportionately agreed to take part. No-one really knows the extent
of the problem.

Even these studies, the best to date, encountered another
problem: the unusual mathematical form of the occurrence of SSA
in the general population. In twin studies the trait under analysis
should present as a bell curve, e.g height in a population would
produce a bell curve, with most people of average height, tapering
away to very few at the extremes. However, the shape of the
histogram for varying degrees of homosexuality is like this upper-
case ] inverted left to right. (Among women there were relatively
more bisexuals and the mathematical problems were not so great.)
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But this fundamental mathematical twin study pre-condition for
SSA was strongly violated, with the result that the errors on the
estimate of the genetic content were much larger than usually
found in twin studies of other traits. This makes the SSA studies
which use MZ and DZ twins together more difficult to interpret
than most other twin studies.

Researchers used a variety of measures of SSA. Most think
that current attraction is the most best measure, and the other
measures, (self-identification, same-sex activity) are more culturally
influenced. However the results below have such large errors, that
it turns out it matters little which measure is used.

We don’t describe here the detailed mathematics, which is a
learning curve even for graduates. But, in examining a trait, twin
studies attempt to find the relative contributions to that trait of
genetics, shared environment (family, social groups) and non-
shared environment, i.e random effects.

The results, shown in Figure 26, are very scattered and have
large calculated errors (often consistent with zero for genetic effect)
and no measure gives a more solid result than any other. The figure
shows genetic-fraction calculations for different SSA measures.

The mean for men is (22 + 20) % where the error is the
standard deviation. It makes no statistical difference whether this
is recalculated restricting the results to attraction or behaviour. The
errors are very large. A 22 % genetic fraction is real but usually con-
sidered weak.

For women the mean is (37 + 18) % . So a rough estimate of
genetic contribution to female SSA is 37 % . The result is real but its
strength is only weak to modest in twin study terms.

Figures 26 and 27 did not use the rigorously random study by
Kendler® (not a twin registry but random sampling of the popula-
tion), which combined results from men and women and did not
allow separation of the two sexes for the Figures (though their
answer is much like the others).

The Santtila®” survey was the largest (2334 pairs of twins) and
like the second largest by Langstrom et al.*® used the Scandinavian
health records (effectively compulsory twin registers), ensuring a
relatively unbiased sample.
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Figure 26. Estimates of genetic contribution to male SSA by various
measures. Typical 95% error bars for selected studies are given.
References and measurement basis: Buhrich?® Attractions plus fantasy
plus contacts: Hershberger®(1) Attractions when older than 25y:

(2) SSA Partners when older than 25y: (3) Sexual orientation (gay,
bisexual,straight): (4) Same, but modelling included siblings: Bailey®:
Kirk! (1) SS feelings now: (2) SS Partners in last 12 months: (3)
Fantasy: (4) Sexual orientation: (5) Attracted once or more over life to
date: (6) Fantasy now (excitement or disgust at idea of SS contact): (7)
SS partners over life to date: Santtila®3(1) Potential to be SS-involved
(fantasy): (2) SS Partners in last 12 months: Langstrom?®(1) Any
lifetime SS partners: (2) SS partners over life to date. Alanko® Attrac-
tion plus behaviour allowing for libido. The Kirk paper reports results
from the Australian study more usually known as headed by Bailey.

The end results from the different studies are generally within
error about the same, but compared with classical twin studies on
other traits those errors are disconcertingly large, and also prevent
estimation of the genetic content for OSA.

The mean figures for the genetic content for men and women,
20% and 36 % respectively, are much less certain for men than for
women, but are probably maxima because both are still subject to
the problems described later in this chapter. The percentages will
almost certainly reduce with further research.
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Figure 27. Estimates of the genetic contribution to female SSA.
References as for Figure 26 plus Kirk.*! Typical error bars are shown.

It is a little ironic that the genetic content appears significantly
less for men than women, because it is the males that have always
been anxious to ascribe their attractions to “genetics”. The women
have preferred to believe their attractions are under their own
control.

The non-shared fractions for men and women are shown in
Figures 28 and 29.

An important outcome of all the SSA studies is that the “non-
shared environment”/random fraction is always larger than the
“genetic fraction” and has much smaller errors on it.

The non-shared environment contains several components.
These are (a) possible error in measuring (defining) SSA (b) bio-
logical randomness (c) differing random psychological reactions
(d) differing random events affecting one MZ twin but not another.
The measurement error is probably much less than in, e.g psychiat-
ric studies of twins, in which conditions can be hard to diagnose.

An example of biological randomness, (b) above, is a kind
of “biological noise” at the biochemical level of cells. This may
produce different weights in a colony of genetically identical
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Figure 28. Estimates of the non-shared environmental contribution
to male SSA. References as for Figure 26
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Figure 29. Estimates of the non-shared environmental contribution
to female SSA. References as for Figure 27.(Hershberger gives no
results for female non-shared environment)
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animals however much researchers breed for uniformity and no
matter how standardised the environment. This “noise” effect has
been known and puzzled about for many years. Some people may
try to argue that biological noise creates homosexuality. If it does
exist then it would appear in the random factors fraction.

As mentioned above, the Bearman and Brueckner adolescent
twin study was not considered in this section. However it has an
important implication. It was a very large study but there was a
calculated 0 % genetic contribution to SSA. The implications for
teenagers who think they have SSA and that it is genetic? No it
isn’t, and what is more, in 98 % of cases the same teenager will be
heterosexual the following year (see Chapter Twelve). This huge
swing over such a short time stands in huge contrast to the geneti-
cally programmed events of puberty, which appear in twin studies
to be about 90 % genetic.* This is also much higher than the 20 %
and 36 % genetic fractions for SSA. The degree of genetic program-
ming must be very low for SSA compared with puberty.

The rules of Twin Study analysis

There are rules for twin studies, and violating them leads in almost
all cases to a genetic fraction which is too high. We now survey the
rules. We think they are often violated in SSA studies, but accept
that researchers seek to eliminate bias where they can.

For twin studies to be accurate in their conclusions about
homosexuality, they must show that:

1. MZ twins did not volunteer for the study at higher rates
than DZ twins, or show unusual eagerness to answer intimate
sexual questionnaires. (This “volunteer error” effect is also one of
the banes of psychological studies).

2. Families really do treat each of a pair of twins identically
(the “shared environments” or “equal environments” assumption).

3. Homosexuality has a statistically “normal” distribution (bell
curve) in the population.

4. There is no interaction between genes and environment.

5. People with the “homosexual gene” very rarely mate with
others carrying the “homosexual gene”.
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6. The twins do not imitate each other—particularly, identical
twins do not encourage each other to be homosexual. (The “twin”
effect.)

7. The twins, apart from being twins, are very similar to the
rest of the population, e.g they are physically the same and the same
percentage are homosexual as for the non-twin population.)

8. Whether an MZ twin has an independent placenta or shares
it with the co-twin, makes no difference to the results.

Are these rules broken?

1. The volunteer error has been minimised (but not completely
removed) by using modern twin registers. However, another type
of distortion can occur when twins refuse to take part in the SSA
section of a survey. Such twins tend to be more conservative, and
less probably homosexual. (Homosexual respondents usually speak
much more freely.) Each of these factors tends to overestimate
apparent genetic content.

2. Do families treat twins the same? Parents may claim
they are utterly fair and even-handed and treat all their children
the same way, but in fact they tend to respond to their children
according to each child’s differently expressed needs and varying
insistence. Although this difference in style is usually not in-
tentional, it amounts to a strongly individualised care that can
be experienced as quite different from that given to a brother or
sister. Parents may also have favourites, or one twin can mistak-
enly think that they do have. Thus, non-identical twins may be
treated quite differently from one another, contrary to the assump-
tion of twin studies that they are treated identically. For example
it is known that mothers of DZ twins treat them with differing
warmth, but treat MZ twins almost the same.**3* For argument’s
sake, if different parental treatment of DZ twins contributed to a
“defensive detachment” (of the kind discussed in Chapter Three)
in a co-twin, twin study methodology would exaggerate the genetic
influence. The equal environments assumption was specially
checked by Bailey et al. for a few factors in the Australian study,’
and the distorting effect for their study seemed small. But the equal
environment assumption is violated by elusive random factors like
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idiosyncratic misperceptions of the family environment by one
twin of a pair, and this can be very hard to pick up in standardised
tests.

3. Homosexuality does not have a normal distribution in the
population, and that is what causes the large error ranges in twin
study results for SSA. The endpoint of these particular mathemati-
cal distortions again produces a genetic fraction which is too high.
Santtila and colleagues tried to allow for this mathematically, and
presented evidence they had succeeded. But the calculated genetic
fractions were much the same as those from other authors who did
not allow for it. So it may be only a small effect.,

4. Probably the most important criticism which has been
levelled at twin studies is that they treat nature and nurture as
totally separate influences that don’t interact during human
development. But interaction between genes and the environ-
ment is almost the definition of a living organism. If interaction
does occur between genetic influences and the environment in
any population in a twin study, it again has the effect of exaggerat-
ing the genetic contribution.***>*% Researchers are generally very
critical of the idea that nature and nurture do not interact. “In a
specific practical situation, do we really believe that the...model is
at all realistic? The answer is “No,” says one statistician, Goodall.*”
So, these interactions certainly exist. Let’s look at an example. If a
person were genetically inclined to become homosexual, would an
environment which encouraged him to express his sexuality, e.g ho-
mosexual porn, or advances from homosexual men, have any effect
on him? Of course it would.

On the other hand, if the man were raised in an all-female
environment isolated from men all his life, could he have a sexual
relationship with a man. How could he? An environment contain-
ing men is essential. There is obviously interaction of the genes and
environment.

However it may not always affect the results too seriously. In
the Australian study®, they tested for this bias, and couldn’t find
clear evidence of it, only a strong suspicion. It is also fair to say
that in studies of other traits, gene-environment interaction has
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only had a minor effect®® % However this is an effect that is easily
missed.

5. Do people with the “homosexual gene” or genes tend to
marry each other more frequently than they marry those without
the gene or genes? We have already discussed (Chapter Nine) that
none have been found, so this is unlikely to be important. However,
if this effect existed it would underestimate the contributions from
denes.®

6. Do twins tend to imitate each other in homosexual devel-
opment? Twins certainly do imitate each other, e.g in antisocial
behaviour, in truthfulness or lying.** It is quite possible it might
happen with homosexuality. Twins often have an unusually close
bond, sharing intimately and backing each other up, particularly
if they are identical twins. These environmental factors could lead
to higher levels of homosexuality in identical twins, making the
genetic content appear higher. Mutual influence could range from
talking about SSA to exploratory sex with each other. Studies are
very contradictory on the latter, so we make no comment. Hersh-
berger®” found statistical evidence in his sample that the MZ twins
had indeed influenced each other in the occurrence of their SSA.

7. Ttis very doubtful that twins reflect the general population.
They start life smaller on average than other babies, and have fewer
verbal and social skills till as late as eight years.?® The rate of child
abuse among twins is nearly three times higher than for the general
population.* They tend to be found towards the bottom of the
social scale in their schools and are often subject to harassment and
teasing by schoolmates. Young male twins are often called “fairies,”
the kind of labelling that can create self-perceptions of childhood
gender non-conformity, one of the strongest precursors of later
homosexuality.*' The rate of hypospadias (congenital deformations
of the penis and a marker of low exposure to testosterone in the
womb) is 90 % higher than normal** compared with non-twins, so
their hormonal status is a little questionable. * * *

***See p137 for hypospadias. The pairwise concordance for hypospadias is about
three times that for SSA, meaning that low testosterone is not very likely to be the
main cause of SSA in males. It is more likely that another known factor, placental
insufficiency, is responsible for much of the increased percentage® of hypospadias
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Twins are such good and sufficient friends to each other that
their individuality and sexuality may not be entirely developed. For
example, they may be twice as likely to be unmarried as non-twins,
though this effect was not found in the Australian twin study.

The overall rate of SSA among twins was 3.1 %, slightly higher
than 1.8 % for an independent survey of prevalence in the general
Australian population.®! Other surveys also suggest SSA might be
slightly higher for twins than for the general population. Summa-
rising, it is very doubtful twins reflect the general population, so
they are a somewhat suspect population for sexual surveys.

8. In traditional twin studies the genetic fraction is probably
further overestimated because of the effect of chorionicity on gene
expression—meaning whether MZ twins have a shared placenta
in the womb or separate placentas (like DZ twins). MZ twins can
have either and it makes a difference! In a very important paper,
Kaminsky et al. (2009)* studied about 6000 differences in gene
expression between twins. If the twins had a shared placenta they
were much more alike than they would have been without a shared
placenta because twins sharing the same placenta share the same
blood supply. (About 25% of MZ twins share the same placenta.)
When both kinds of MZ twins are combined (those sharing the
same placenta and those with separate placentas), the average con-
cordance for SSA is higher than it should be. Sharing the placenta
exaggderates the difference between MZ and DZ twins (the classical
twin method depends on this difference) and hence overestimates
the genetic fraction. Assuming an allowance needs to be made for
the MZ placenta effect, the average effect for all gene expression is
that the genetic fraction is 15 % too high.** Does this apply to SSA
also? No-one knows, but probably. This would reduce the 22 %
genetic contribution to SSA to 7% (for men) and from 37 % to
22 % (for women). The genetic effect for the women would then
also be classified as weak.

Breached rules exaggerate genetic fraction

In most twin studies of homosexual populations, most of the
assumptions that must be met if the results are to be valid have
been breached, and in such a way that the genetic contribution
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is significantly overstated. Does this mean that twin studies are a
completely unsuitable tool for gauging the genetic content of sexual
orientation? No. When other traits have been investigated closely
for the effects of violated assumptions, the genetic proportion is
over-estimated but is still real.

10% a more likely genetic fraction

So it is a reasonable conclusion that the 20 % estimated figure for
the genetic component of male SSA is too high but represents some
real though very minor and indirect genetic contribution. It is quite
likely that for males it could ultimately fall significantly below
10 % . Similarly the attraction result for lesbianism is very likely to
be finally near 10 %.

In summary we estimate that corrections made to this over-
estimated genetic fraction for SSA reduce it to about 10 % for men
and women.

The meaning of a 22-37 % genetic contribution

Let’s be generous and grant that the genetic proportion of
influence on SSA might be 22-37% . What does that mean? Does
a 22 % genetic figure dictate behaviour anyway?

Church attendance is also close to 22 % “genetic.”® If we don’t
think church attendance is very “genetic”; then we should view
SSA the same way.

Even much higher percentages still do not dictate behaviour.
A few in the 50 % category are divorce,*® depression,*” altruism,*®
religiosity,* fundamentalism,® psychological inpatient care,>
fear of the unknown,> perhaps alcoholism,*? and most interest-
ingly homophobia!!>®* Are they changeable? We know enough
about some of these to know that divorce, alcoholism, religios-
ity, and inpatient care are not genetically destined! The authors
of the paper which found such a high genetic contribution for
divorce were apologetic. Obviously, they remarked with some
embarrassment, divorce does depend on another person. Other
critics remarked cynically that even legal processes like divorce
seemed genetically influenced these days!
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Homophobia?! Prejudice in the genes?! Unlikely! But the
history of the last 50 years has shown that even for homophobia,
society’s attitudes clearly change. It’s somewhat easier for some
people than others, but not impossible for anyone reading this.

So it mightn’t be easy, but with help even some of these traits
that look half inherited can be avoided. Significant intervention
might be required for a long time, but Alcoholics Anonymous,
Marriage Guidance, and numerous support groups show that
nothing is inevitable in these categories. Why should homosexual-
ity be any different?

Even if the genetic factor is as high as 37 % —and there are
many reasons why it almost certainly isn’t—homosexuality is not
destined.

Genetic fraction changes with environmental input

Even a 22 % genetic factor does not mean homosexuality is 22 %
inherited. Homosexuality is not significantly inherited because only
about 8 % of the sons of homosexual fathers are also homosexual.>*

“Genetic” in the twin study context is not a definitive
statement about a fixed genetic content in any trait—and it is very
important to understand this. It is a relative percentage only—fluc-
tuating depending on influences from the common environment
and non-shared environment.

In twin studies the “genetic fraction” is used as a kind of
snapshot at any one time and place of a balance between genes and
a changing social environment. If genes are exerting a strong effect,
but then opposite-effect environmental influences are brought to
bear, the genetic fraction will drop. For example, researchers found
strong genetic influences in the United States on smoking for those
born in the 1920s, 1930s, and 1950s, but lower genetic influences
for those born in the 1940s (WWII cigarette shortages) and 1960s
(cancer findings). Legislation in the 1970s and subsequently pro-
hibited smoking in public places reducing this genetic influence still
further.> That is, the environmental contribution increased, and
the relative genetic influence fell.

To increase the relative strength of genetic influences simply
ride along with them, and practise them.
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There are some fascinating Swedish and other studies on
twins®**® which show that genetic influences, particularly on
mental processes, increase with age, right up to age 80. How does
that happen? When children are young, environmental influenc-
es—rules, habit formation, controls on behaviour—are strongest.
In adulthood more personal autonomy allows relaxation of some of
the rules, so the genetic fraction increases slightly, i.e elderly people
with far fewer pressures on them can revert to what comes easily;
they can let genetic influences predominate, or even encourage
them. Many with disciplined habits will maintain a strong “en-
vironmental” influence on themselves, but, at least in some
Western countries, on average, the contribution of genetic influenc-
es increases with age. Other studies show that genetic influences on
children of school age diminish in highly-regulated households, but
in households where the children are less restrained, the genetic
influence is stronger.%-62

Genetic contribution to certain traits can vary from country to
country and period to period. For example, the genetic contribution
to height, which is 90 % in the West, is far lower in Egypt, where
family influences are far more important.®® That is, in some third
world countries, the height a person grows to may depend on the
way limited food is shared round the family (some cultures pref-
erentially feed boys, or oldest boys). Changes in social mores and
increasing availability of food can swing the balance back toward a
genetic predominance.

A recent Spanish twin study®* looked at genetic expression
and found it increasingly differed between MZ twins with age. At
age three the twins expressed their genes 4 % differently, but at age
50, 22 % differently. In other words environmental effects were
changing the effects of the genes. This in turn probably depended
on details of the lifestyles. The influence of genes can therefore be
affected. What way are you going to affect yours?

Which raises the question: how much are we going to go along
with natural tendencies we have, and how much are we going to
challenge them, if necessary all our lives?
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Summary

Homosexuality is not genetically inevitable. If it were, identical
twins would show 100 % concordance for SSA and no modern twin
study on any behavioural trait has come remotely near that figure.
In fact SSA is a good example of a trait little influenced by genes.

The simplest illustration that homosexuality is not genetically
enforced is pairwise concordance, which shows that a male co-twin
is also homosexual only one time in nine: 11 % of the time (Figure
22). This is a long way from genetic determinism. And remember,
this figure does not show that 11 % of identical twins have SSA
(only 2-3% do), or that only 11 % of homosexual twins are ge-
netically affected and 89 % are not. All twins (and every human
being) are affected alike by genes, shared environment and random
factors.

Homosexuality fits inadequately into the more complex classic
twin studies model: the high ratio of heterosexuality to homosexu-
ality in the population means homosexuality does not conform to
the bell-curve model used in twin studies, making it unlike most
other traits measured in twin studies.

The most recent and reliable twin studies (based on twin
registers) still have large error limits, and many factors and rule
violations suggest that the estimated genetic influences are too
high. However, non-shared environment (the effect of random
events and idiosyncratic reactions) is predominant and significant.

Twin study results tend to eliminate the effect of shared family
life and upbringing, making it appear they have no effect. But they
are present in the form of different perceptions of the common
family environment by one of the twins and in rare or unusual
events (random factors) that occur in families and can have an un-
forgettable and disproportionate impact. Remember random factors
are the strongest category in twin studies.

The 22-37% “genetic” estimate earlier in this chapter from
classic twin studies is much less than the typical figure of 50 %
found in studies of all other traits, and much less again than the
90% “genetic” influence on puberty, showing that genetic program-
ming of SSA is minimal.
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Comparison with other traits showing higher genetic influ-
ences than SSA, e.g divorce, altruism, religiosity, fundamentalism,
depression, extroversion, homophobia, makes it clear that homo-
sexuality is not inevitable or fixed.

The genetic effect of twin studies translates in real life
into a weak and indirect effect for SSA. The scenario
of a boy who was, e.g poor at sports, artistic and sensi-
tive, is about the extent of the genetic effect in homo-
sexuality. A girl might be, e.g big-breasted. The boy
may be bullied, withdraw from his male peer groups
and go on to see himself as gender atypical; the girl
may be raped, and decide she doesn’t like men or want
to be a woman. The psychological effects in each case
may be devastating and lead to SSA but the genetic
effects which lead to it are weak and indirect.

Ultimately, it doesn’t matter much whether the genetic contri-
bution is large or small. It doesn’t determine our behaviour. Any
genetic influence can be counteracted with an opposite environ-
mental influence, and an environmental influence can be counter-
acted with an opposite environmental influence. We are not the
inevitable victims of our personal histories either.

Genes produce a tendency not a tyranny.

You can foster or foil your genetic tendencies.

You can feed them or starve them.

The battle is not really at the level of our genes. The traits we
end up with may not have been consciously chosen in the past, but
can be subject to our conscious choices right now.

References

1. Kirk KM, Bailey JM, Dunne MP, Martin NG. 2000. Measurement models for
sexual orientation in a community twin sample. Behavior Genetics 30:345-56

2. Jomes SL, Yarhouse MA. 2000. Homosexuality. The use of scientific research in the
church’s moral debate. Downers Grove, Illinois: IVP

206

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chapter Ten: Twin studies—the strongest evidence

Bailey JM, Dunne MP, Martin NG. 2000. Genetic and Environmental
influences on sexual orientation and its correlates in an Australian twin
sample. Journal of Personality and Social Psychology 78:524-36

Bearman PS, Brueckner H. 2002. Opposite-sex twins and adolescent same-sex
attraction. American Journal of Sociology 107:1179-205

Wilson G, Rahman Q. 2005. Born Gay. The psychobiology of sex orientation.
London: Peter Owen

Barak Y, Aizenberg D, Achiron A. 2003. Concordance for cognitive
impairment: a study of 50 community-dwelling elderly female-female twin
pairs. Comprehensive Psychiatry 44(2):117-20

Braun MM, Caporaso NE, Page WF, Hoover RN. 1994. Genetic component of
lung cancer: cohort study of twins. The Lancet 344(8920):440-3

Milan T, Verkasalo PK, Kaprio J, Koskenvuo M, Pukkala E. 2002. Malignant
skin cancers in the Finnish Twin Cohort: a population-based study,
1976-97. British Journal of Dermatology 147(3):509-12

Treloar SA, Cooper DW, Brennecke SP, Grehan MM, Martin NG. 2001. An
Australian twin study of the genetic basis of preeclampsia and eclampsia.
American Journal of Obstetrics and Gynecology 184(3):374-81

Windham GC, Sever LE. 1982. Neural tube defects among twin births.
American_Journal of Human Genetics 34(6):988-98

Feghali-Bostwick C, Medsger TA, Wright TM. 2003. Analysis of systemic
sclerosis in twins reveals low concordance for disease and high concordance
for the presence of antinuclear antibodies. Arthritis and Rheumatism
48(7):1956-63

Koskenvuo M, Langinvainio H, Kaprio J, Lonngvist J, Tienari P. 1984.
Psychiatric hospitalization in twins. Acta Geneticae Medicae et Gemellologiae
33(2):321-32

Bak S, Gaist D, Sindrup SH, Skytthe A, Christensen K. 2002. Genetic liability
in stroke: a long-term follow-up study of Danish twins. Stroke 33:769-74

Newman TB. 1985. Etiology of ventricular septal defects: an epidemiologic
approach. Pediatrics 76(5):741-9

Holm NV, Hauge M, Harvald B. 1980. Etiologic factors of breast cancer
elucidated by a study of unselected twins. Journal of the National Cancer
Institute 65:285-98

Townsend GC, Richards L, Hughes T, Pinkerton S, Schwerdt W. 2005.
Epigenetic influences may explain dental differences in monozygotic twin
pairs. Australian Dental Journal 50(2):95-100

Tanner CM, Ottman R, Goldman SM, Ellenberg J, Chan P, Mayeux R,
Langston JW. 1999. Parkinson disease in twins: an etiologic study. JAMA
281(4):341-6

Kendler KS, MacLean C, Neale M, Kessler R, Heath A, Eaves L. 1991. The
genetic epidemiology of bulimia nervosa. American Journal of Psychiatry
148(12):1627-37

Greaves MF, Maia AT, Wiemels JL, Ford AM. 2003. Leukemia in twins: lessons
in natural history. Blood 102:2321-33

Chen CJ, Wong CJ, Yu MW, Lee TC. 1992. Perinatal mortality and prevalence
of major congenital malformations of twins in Taipei City. Acta Geneticae
Medicae et Gemellologiae 41:197-203

207



NE and BK Whitehead

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

208

Rutter M. 2006. Genes and Behavior. Malden, Maryland: Blackwell

Vuoksimaa E, Koskenvuo M, Rose RJ, Kaprio J. 2009. Origins of handedness: a
nationwide study of 30,161 adults. Neuropsychologia 47(5):1294-301

Oliver BPR. 2007. Twins’ early development study (TEDS): a multivariate,
longitudinal genetic investigation of language, cognition and behavior
problems from childhood through adolescence. Twin Research and Human
Genetics 10(1):95-105

Asbury K, Almeida D, Hibel J, Harlaar N, Plomin R. 2008. Clones in the
Classroom: A Daily Diary Study of the Nonshared Environmental
Relationship Between Monozygotic Twin Differences in School Experience
and Achievement. Twin Research and Human Genetics 11(6):586-95

Otis MD, Skinner WF. 2004. An exploratory study of differences in views of
factors affecting sexual orientation for a sample of lesbians and gay men.
Psychological Reports 94, 1173-1179

Buhrich N, Bailey JM, Martin NG. 1991. Sexual orientation, sexual identity,
and sex-dimorphic behaviors in male twins. Behavior Genetics 21:75-96

Hershberger SL. 1997. A twin registry study of male and female sexual
orientation. Journal of Sex Research 34:212-22

Santtila P, Sandnabba NK, Harlaar N, Varjonen M, Alanko K, von der Pahlen
B. 2008. Potential for homosexual response is prevalent and genetic.
Biological Psychology 77(1):102-5

Langstrom N, Rahman Q, Carlstrom E, Lichtenstein P. 2010. Genetic and
Environmental Effects on Same-sex Sexual Behavior: A Population Study of
Twins in Sweden. Archives of Sexual Behavior 39(1):75-80

Alanko K, Santtila P, Harlaar N, Witting K, Varjonen K, Jern P, Johansson A,
von der Pahlen B, Sandnabba NK. 2010. Common Genetic Effects of Gender
Atypical Behavior in Childhood and Sexual Orientation in Adulthood: A
Study of Finnish Twins. Archives of Sexual Behavior 39(1):81-92

Kirk KM, Martin NG, Bailey JM. 2000. Etiology of male sexual orientation in
an Australian twin sample. Psychology, Evolution and Gender 2.3:1-11

Silventoinen K, Haukka J, Dunkel L, Tynelius P, Rasmussen F. 2008. Genetics
of pubertal timing and its associations with relative weight in childhood and
adult height: the Swedish Young Male Twins Study. Pediatrics 121(4):e885-
91

Graham PJ, Stevenson J. 1985. A twin study of genetic influences on
behavioural deviance. Journal of the American Academy of Child Psychiatry
24, 33-41

Eaves L], Last KA, Young DA, Martin NG. 1978. Model fitting approaches to
the analysis of human behaviour. Heredity 41, 249-320

Lathrope GM, Lalouel JM, Jacquard A. 1984. Path analysis of family
resemblance and gene-environment interaction. Biometrics 40, 611-625.

Eaves L], Eysenck HJ, Martin NG. 1989. Social attitudes: a model of cultural
inheritance. London: Academic Press

Goodall C. 1990. One statistician’s perspective. Behavioral and Brain Sciences
13(1):133-2

Waller NG, Kojetin BA, Bouchard TJ, Lykken DT, Tellegen A. 1990. Genetic
and environmental influences on religious interests, attitudes and values: a
study of twins reared apart and together. Psychological Science 1, 138-142

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

Chapter Ten: Twin studies—the strongest evidence

Powers WF, Kiely JL. 1994. The risks confronting twins. A national
perspective. American Journal of Obstetrics and Gynecology 170, 456-461

Nelson HB, Martin CA. Increased child abuse in twins. Child Abuse and Neglect
9, 501-505. 1985

Winestone MC . 1976. Twinning and Psychological Differentiation. In The
Child And His Family, ed. Anthony EJ, Chiland C,119-132 pp. New York:
John Wiley

Ramos-Arroyo MA. 1991. Birth defects in twins: study in a Spanish population.
Acta Geneticae Medicae et Gemellologiae 40, 337-344

Yinon Y, Kingdom JC, Proctor LK, Kelly EN, Salle JL, Wherrett D, Keating
S, Nevo O, Chitayat D. 2010. Hypospadias in males with intrauterine
growth restriction due to placental insufficiency: the placental role in the
embryogenesis of male external genitalia. American Journal of Genetics A.
152A(1):75-83

Kaminsky ZA, Tang T, Wang SC, Ptak C, Oh GH, Wong AH, Feldcamp LA,
Virtanen C, Halfvarson J, Tysk C, McRae AF, Visscher PM, Montgomery
GW, Gottesman II, Martin NG, Petronis A. 2009. DNA methylation profiles
in monozygotic and dizygotic twins. Nature Genetics 41(2):240-5

Truett KR, Eaves L], Walters EE, Heath AC, Hewitt JK, Meyer JM, Silberg
J, Neale MC, Martin NG, Kendler KS. 1994. A model system for analysis
of family resemblance in extended kinships of twins. Behavior Genetics
24:35-49

McGue M, Lykken DT. 1992. Genetic influence on risk of divorce. Psychological
Science 3(6), 368-373

Walters EE, Neale MC, Eaves LJ, Heath AC, Kessler RC, Kendler KS. 1992.
Bulimia nervosa and major depression. A study of common genetic and
environmental factors. Psychological Medicine 22, 617-622

Rushton JP, Fulker DW, Neale MC, Blizard RA, Eysenck HJ. 1984. Altruism
and genetics. Acta Geneticae Medicae et Gemellologiae 33, 265-271

Bouchard TJ, Lykken DT, McGue M, Segal NL, Tellegen A. 1990. Sources of
human psychological differences: the Minnesota study of twins reared apart.
Science 250:223-8

Allgulander C, Nowak J, Rice JP. 1991. Psychopathology and treatment of 30,
344 twins in Sweden II Heritability estimates of psychiatric diagnosis and
treatment in 12884 twin pairs. Acta Psychiatrica Scandinavica 83(1), 12-15

Stevenson J, Batten N, Cherner M.1992. Fears and fearfulness in children and
adolescents: a genetic analysis of twin data. Journal of Child Psychology and
Psychiatry 33(6), 977-985

Horgan J. 1993. Eugenics revisited. Scientific American 268 (June):92-100

Verweij KJ, Shekar SN, Zietsch BP, Eaves L], Bailey JM, Boomsma DI, Martin
NG. 2008. Genetic and environmental influences on individual differences
in attitudes toward homosexuality: an Australian twin study. Behavior
Genetics 38(3):257-65

Bailey JM, Bobrow D, Wolfe M, Mikach SM. 1995. Sexual orientation of adult
sons of gay fathers. Developmental Psychology 31, 124-129

Boardman JD, Blalock CL, Pampel FC. 2010. Trends in the genetic influences
on smoking. Journal of Health and Social Behavior 51(1):108-23

209



NE and BK Whitehead

56. Torgerson AM. 1987. Longitudinal research on temperament in twins. Increase
in genetic contribution with age. Acta Geneticae Medicae et Gemellologiae
36, 145-154

57. Harris JR. 1992. Age differences. Journals of Gerontology 47, 213-220

58. Wilson RS. 1983. The Louisville twin study: developmental synchronies in
behavior. Child Development 54, 296-316

59. McClearn GE, Johansson B, Berg S, Pedersen NL, Ahern F, Petrill SA, Plomin
R. 1997. Substantial genetic influence on cognitive abilities in twins 80 or
more years old. Science 276, 1560-1563

60. Fischbein S, Guttman R, Nathan M, Esrachi A. 1990. Permissiveness-
restrictiveness for twins and the Israeli Kibbutz. Acta Geneticae Medicae et
Gemellologiae 39, 245-257

61. Fischbein S, Guttman R. 1992. Twins’ perception of their environment: a
cross-cultural comparison of changes over time. Acta Geneticae Medicae et
Gemellologiae 41, 275-286

62. Akerman BA, Fischbein S. 1992. Within-pair similarity in MZ and DZ twins
from birth to eighteen years of age. Acta Geneticae Medicae et Gemellologiae
41, 155-164

63. Abdel-Rahim AR, Nagoshi CT, Vandenberg SG. 1990. Twin resemblance in
cognitive ability in an Egyptian sample. Behavior Genetics 20, 33-43

64. Fraga MF, Ballestar E, Paz MF, Ropero S, Setien F, Ballestar ML, Heine-Suner
D, Cigudosa JC, Urioste M, Benitez J, Boix-Chornet M, Sanchez-Aguilera
A, Ling C, Carlsson E, Poulsen P, Vaag A, Stephan Z, Spector TD, Wu YZ,
Plass C, Esteller M. 2005. Epigenetic differences arise during the lifetime
of monozygotic twins. Proceedings of the National Academy of Sciences
102:10604-9

210


http://www.mygenes.co.nz

