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Abstract
The auditory system exhibits differences by sex and by sexual orientation, and the implication is
that relevant auditory structures are altered during prenatal development, possibly by exposure to
androgens. The otoacoustic emissions (OAEs) of newborn male infants are weaker than those of
newborn females, and these sex differences persist through the lifespan. The OAEs of
nonheterosexual females also are weaker than those of heterosexual females, suggesting an
atypically strong exposure to androgens some time early in development. Auditory evoked
potentials (AEPs) also exhibit sex differences beginning early in life. Some AEPs are different for
heterosexual and nonheterosexual females, and other AEPs are different for heterosexual and
nonheterosexual males. Research on non-humans treated with androgenic or anti-androgenic
agents also suggests that OAEs are masculinized by prenatal exposure to androgens late in
gestation. Collectively, the evidence suggests that prenatal androgens, acting globally or locally,
affect both nonheterosexuality and the auditory system.
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**FOOTNOTE 1 -- Note that the existence of receptors for sex hormones in the cochleas of adult animals is not uninteresting—
because of the activational effects on OAEs noted above—but for the prenatal-androgen-exposure explanation to be correct, those
receptors would need to be expressed during those prenatal weeks when both OHCs are developing and androgen levels are high.
**FOOTNOTE 2 -- Previously, I suggested that localized anomalies in the rate of aromatization of testosterone into estradiol also
might be a plausible mechanism for localized effects in the brain [50], but current thinking is that, in humans, estradiol is not the
strong masculinizing agent it is in other mammalian brains [90].
**FOOTNOTE 3 – When several measures are shifted in the expected direction by an experimental manipulation and one or two are
inexplicably shifted in the opposite direction, it is easy to interpret the latter as error variance, and to minimize or ignore them in
published reports. This reaction has been called the file-drawer problem [77]. It is possible that additional examples of mixed
outcomes will be reported for both animal and human research once experimenters realize that exceptions of this sort are precedented
and have the potential to provide important insights.
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- otoacoustic emissions (OAEs) and auditory evoked potentials (AEPs) are described
- both OAEs and AEPs exhibit differences depending upon sex and sexual orientation
- prenatal androgens appear to weaken the cochlear amplifiers
- prenatal hormone levels apparently can contribute to determining sexual orientation
- there may be localized and nonmonotonic effects of prenatal androgen exposure
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Introduction
A central tenet of modern neuroscience is that all behaviors, and thus, all differences in
behavior, must have a corresponding basis somewhere in the structures of the brain. So,
when you learn a new fact about Texas wines, for example, or how to do a new rope trick,
something in your brain must be different from before (how could it be any other way?).
From this tenet, it follows that there must be something about the brains of nonheterosexuals
that is different from the brains of heterosexuals, and it is interesting to ponder the origins of
that difference. At conception, was there a configuration of the genes that predisposed the
person to a nonheterosexual orientation because of some atypical brain structure? During
prenatal development, were there physiological events that rendered some neural circuits
atypical and predisposed the person to a nonheterosexual orientation? During early
childhood, were there environmental factors that somehow altered the brain and predisposed
the person to a nonheterosexual orientation? Or sometime prior to, or soon after, puberty did
the person make a conscious decision to live as a nonheterosexual and the atypical brain
structure(s) followed from that? These examples differ not just in when, during
development, the critical event occurred in the brain; they differ as to whether that
atypicality in the brain was a cause or an effect.

In modern society worldwide, there exists a full spectrum of sexual orientations extending
from exclusively heterosexual to exclusively homosexual, with individual people falling all
throughout the intervening range, and it is likely that this was true historically as well. While
many of the distinctions between sub-groups are interesting to know about and interesting to
consider in regard to their origins and implications, for current purposes, these distinctions
will be ignored and the issue of sexual orientation treated as if there were only two
categories. Here it will be sufficient to acknowledge that the vast majority of modern
humans is primarily heterosexual in regard to sexual thoughts and behaviors, the remainder
is not to varying degrees, and this clearly has been true for a long time in human society.
Thus, for this discussion, I will treat what clearly is not a simple dichotomy as if it were by
using the overly simplistic terms heterosexual and nonheterosexual to characterize what
clearly is a complex spectrum of sexual thoughts and behaviors.

Some investigators imply that any physiological measure that differs with sexual orientation
is inherently more interesting, and potentially more informative about the origins of
orientation, than are various behavioral or cognitive measures that are commonly studied.
One reason is that physiological measures carry the appearance of being evidence that
nonheterosexuality has a biological basis and is not simply a conscious choice. Care must be
taken with this approach, however. Some physiological characteristics, including differences
in brain structures, may not be informative about the causes of nonheterosexuality but may
themselves be results. This is because the activities in which a person engages as a young
adult (say, after the realization of being nonheterosexual and perhaps even because of that
realization) can lead to increased development in certain brain regions and the decline of
certain others. Similarly, differences in the voice, in carriage, or in certain sensory-motor
skills clearly might be a consequence of a person's experiences after beginning to live a
nonheterosexual lifestyle. So, while finding differences with orientation for physiological
measures of this sort certainly is interesting, it clearly would be an error to assume that those
physiological differences are in some way related to the reason for the person being
nonheterosexual in the first place.

However, for some physiological measures it is difficult to imagine how lifestyle-related
experiences or conscious decisions could change the magnitude or quality of the measure.
For example, how might someone intentionally make her index fingers slightly shorter than
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her ring fingers? The ratio of those two finger lengths (called the 2D:4D ratio) does differ
between the sexes (summarized in [8]; [66]), and that sex difference exists beginning in the
early weeks of prenatal development [25,44]. (The direction of effect is that, for females, the
lengths of the index and ring fingers are similar, but in males, the ring finger is a bit longer
than the index finger.) Although the literature is mixed, there is some evidence that the
finger-length ratios (FLRs) of nonheterosexuals are different from those of heterosexuals
(see, e.g., [56]). Because of the apparent constancy of FLRs through life, the implication is
that heterosexuals and nonheterosexuals differed in FLRs at birth, well before any conscious
decision about sexual orientation could be made. So, it appears that some physiological
measures may be informative about the biological factors contributing to nonheterosexuality
while others only can be informative about how differences in lifestyle for heterosexuals and
nonheterosexuals can alter the physiology of the body or brain.

This review will concentrate on two physiological measures, otoacoustic emissions (OAEs)
and auditory evoked potentials (AEPs), that also are difficult to imagine changing through
conscious effort or lifestyle preferences, and that also exhibit sex differences at birth. My
belief is that these measures have the potential to be informative about mechanisms
operating during early development that are responsible for nonheterosexuality as well as
mechanisms underlying other special populations in humans.

Background for Auditory Measures
OAEs are sounds produced in the cochlea that propagate out through the middle-ear system
into the external ear canal where they can be recorded and measured using small
microphone systems [33,42]. Multiple forms of OAEs exist; here we will be concerned
primarily with spontaneous OAEs and click-evoked OAEs. (To conserve space here, some
of the references have been omitted for factual assertions made below; those references can
be found in [50,51,52].)

Spontaneous OAEs (SOAEs) are essentially continuous pure tones that are present in the ear
canal in quiet environments. An individual ear can have as many as several dozen SOAEs,
but smaller numbers are more common. Generally, the right ear exhibits more, and stronger,
SOAEs than the left ear. Although the strengths of individual SOAEs (measured in decibels
of sound-pressure level, or dB SPL) can vary across measurement sessions, the frequencies
of those SOAEs are highly stable across time [11]. In humans, approximately 75% of
females and 50% of males have at least one SOAE (e.g., [4]; reviewed in [50,51,52]). This
sex difference in the number of SOAEs also exists in newborn humans [12,13,72,73,84];
that fact, plus the marked stability of SOAEs through life suggests that the SOAEs measured
in young adults are a good representation of what was present at birth. SOAEs are not the
basis for the “ringing in the ears” experienced after exposure to intense sounds or after
ingestion of certain drugs; that tinnitus is a sign of a damaged cochlea, and SOAEs are a
characteristic of normal cochleas. SOAEs are unusual among OAEs in that they are common
in humans but are found only rarely in non-human species, small and large. The standard
measure of SOAEs is their number, but some investigators measure their level as well. (The
adjective “spontaneous” indicates that SOAEs are present without any special action by the
investigator; the other forms of OAE require presentation of sounds.)

Click-evoked OAEs (CEOAEs) are brief sounds that can be recorded in the ear canal
immediately after the presentation of an acoustic stimulus. They can be thought of as echo-
like sounds whose characteristics depend, in part, upon the stimulus used to elicit them. As
the term “click-evoked” indicates, the most common stimulus for CEOAEs is brief sounds
(1 ms or shorter) having wide bandwidths. A brief acoustic stimulus can give rise to a
CEOAE waveform that lasts several tens of milliseconds. Unlike typical echoes, where all
frequency components are reflected back essentially simultaneously, CEOAEs are
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frequency-dispersed; the highest frequencies are reflected back first and successively lower
frequencies are reflected back with successively longer latencies. Sometimes some
frequencies are emitted multiple times. This behavior suggests that the reflections are
originating, at least in part, from different locations along the length of the tonotopically
organized cochlear partition. The standard measure of CEOAEs is their root-mean-square
(rms) amplitude expressed in decibels. CEOAEs (and SOAEs) are quite weak and require
averaging techniques to be detected. CEOAEs are generally stronger in females than in
males, and generally stronger in right ears than in left ears, but essentially all normal-hearing
ears have CEOAEs. Common practice nowadays is to use CEOAEs as a rapid screening for
hearing loss before a newborn infant leaves the hospital. CEOAEs are rarely observed in
small, non-human species, such as rodents, presumably because their short cochleas lead to
echoes having such short latencies that they are cloaked by the persistence of the stimulus in
the ear canal. However, CEOAEs easily are recorded from larger mammals. Examples of
CEOAE waveforms and frequency spectra containing SOAEs can be found in [51].

Another commonly measured form of OAE, especially in non-humans, is the distortion-
product OAE (DPOAE; see [42]), but the absence of a substantial sex difference in DPOAEs
(see [58]; [86]) and a shortage of space here discourage a discussion of this measure.

We are far from a full understanding of the various mechanisms underlying the production
of OAEs [81], but it is clear that one of the two populations of receptor cells in the cochlea –
the outer hair cells (OHCs) – plays a crucial role. The outer hair cells are substantially more
numerous than the inner hair cells (approximately 14,000 and 4,000, respectively, in human
cochleas), but the preponderance of the afferent innervation goes to the inner hair cells
(approximately 95% and 5% for IHCs and OHCs, respectively). OHCs are unique among
cells in the cochlea in that they are electromotile [10]. As their stereocilia are bent back and
forth by the up and down movements of the basilar and tectorial membranes, the OHCs
exhibit rapidly alternating phases of depolarization and hyperpolarization. Accompanying
these changes in state of polarization are small changes in the lengths of the OHCs. Because
the columnar-shaped OHCs are held tightly at both ends by supporting structures, these
changes in length alter the local micromechanics of the cochlea, and as a consequence, the
magnitude of displacement of the basilar membrane is increased from what it would be
without the actions of the OHCs. That is, the OHCs contribute to a mechanical amplification
of weak sounds in the cochlea, and as a consequence, they have come to be called cochlear
amplifiers. The OHCs are quite delicate and are the first to be damaged by exposure to
intense sounds and ototoxic drugs. When the OHCs are damaged temporarily or
permanently, hearing sensitivity is reduced and OAEs are diminished or lost (e.g., [59]);
hence the association between healthy OHCs and strong OAEs, even though many details
have yet to be worked out.

Also summarized in this review are data on AEPs (auditory evoked potentials), which are
brain waves evoked by an acoustic stimulus and measured using scalp electrodes and
averaging techniques (see [30]). A brief click can give rise to a succession of peaks over the
course of a couple hundred milliseconds. Standard procedure is to measure the elapsed time
from the click to the peak (the latency) and, for some peaks, the peak-to-trough amplitude
also is measured. The earliest waves are categorized as the auditory brainstem response
(ABR), next are the middle-latency response (MLR), and last are the long-latency response
(LLR). The peaks of the ABR have latencies from the click stimulus of about 10 ms and
shorter; the peaks of the MLR have latencies of about 10 to 50 ms; the peaks of the LLR
have latencies of about 50 to 300 ms. Various peaks exhibit sex differences (e.g., [53]), and
that is true in newborns as well as in adults [30].
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All of the research described below was approved in advance by the relevant university
committees on human or animal research.

Some Relevant Results
As noted, both SOAEs and CEOAEs exhibit moderately large sex and ear differences (e.g.,
e.g., [4]; reviewed in [50,51,52]), and the same patterns of differences exist in newborns as
in adults (e.g., [12,13,72,73,84]). Namely, females have more (and stronger) SOAEs and
stronger CEOAEs than males, and right ears generally have more SOAEs and stronger
CEOAEs than left ears. Examples of human sex and ear differences are shown in Figure 1
(from [60,61]). The SOAEs and CEOAEs were measured in the same subjects, and the
correlation between the number of SOAEs and the strength of the CEOAEs was 0.76 [61].

Sex differences often are expressed as effect sizes [16]. We calculate effect size as the
difference between the means for females and males divided by the square root of the
weighted mean of the variances for the two groups. By convention, effect sizes of 0.2, 0.5,
and 0.8 are taken as small, medium, and large, respectively [16]. For the data shown in
Figure 1, the effect sizes for sex differences in SOAEs were about 0.98, and those for
CEOAEs were about 0.76, both relatively large effects.

So, why do OAEs differ between the sexes? The fact that the same patterns of sex and ear
differences existing in the OAEs of young adults also exist in newborns [12,13,72,73,84]
suggests that this sex difference is attributable to some process(es) occurring during prenatal
development. Among the various possibilities is that the sex difference in OAEs is the result
of the same basic events that are responsible for so many other sex differences in body,
brain, and behavior: the degree of exposure to androgens prenatally. In all male mammals,
including humans, the SRY gene becomes active early in prenatal development. Among the
consequences of this activation is the development of embryoni c testes which begin
producing androgens, including testosterone. These androgens are responsible for
masculinizing the bodies, brains, and eventually the behaviors of males. In the absence of
these androgens (as in females), prenatal development proceeds along an alternative path,
and different bodies, brains, and behaviors are the result. Because no androgens are
necessary for this alternative, female path of development, it long has been common to see
the developmental path of females characterized as being the “default” condition in
mammals. [Various recent discoveries reveal that the process of producing a female
mammal is complex and not merely a matter of implementing a simpler archetype [1];
lacking a suitable synonym, I will acknowledge this important realization by using “default”
in quotation marks here.]

In passing, note that if female is the “default” condition, then the “default” choice of sex
partner is male; the typical female prefers male sex partners. The fact that the typical male
has the opposite choice for sex partners (females) suggests that one of the changes
accomplished in the developing male brain (presumably by the prenatal exposure to
androgens) is to flip the switch for choice of sex partner from “default” to non-“default.”
Under this simplistic view, nonheterosexual females are exhibiting the male-typical choice
in sex partners (it is as if the switch was thrown in error) and nonheterosexual males are
exhibiting the female-typical/“default” choice in sex partners (it is as if the switch failed to
be thrown). Whether or not this view eventually proves to be an appropriate way of
conceptualizing (some forms of?) nonheterosexuality, it does provide a simple framework
for discussing the data of interest here. (As noted, the idea of a two-position switch for
choice of sex partner clearly is too simplistic because, when it comes to sexual thoughts and
behaviors, individual humans can fall almost anywhere along a continuum of categories
between strictly heterosexual females to strictly heterosexual males – e.g., [39].)
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Although sex differences in exposure to androgens is a reasonable explanation for both the
sex differences in the positioning of the switch determining choice of sex partner and the sex
differences in OAEs, there is an alternative explanation: One or both of these sex differences
may be the result of direct effects of sex-chromosome genes themselves (not “just” sex-
chromosome genes operating to control the degree of androgen exposure). The number of
sex differences in mammals that can be linked solely to genes has been increasing recently
(see [1]), so direct gene effects is a logical possibility. As will be seen below, however,
experimental manipulations of hormones can affect OAEs and AEPs in various species in
ways that lead me to conclude that, for the sex differences and other group differences in the
auditory system, the correct explanation is more likely to be degree of hormone exposure
than direct gene effects. Thus, the working hypothesis here is that the high concentrations of
androgens experienced by male humans during prenatal development leads somehow to a
weakening of their cochlear amplifiers, and thus to a weakening of their OAEs and a
diminution of their hearing sensitivity [50,51,52]. Furthermore, that androgen exposure also
is assumed to alter parts of the auditory brain, and as a consequence, sex differences in
OAEs and AEPs exist at birth and persist through life. This collection of assumptions will be
called the prenatal-androgen-exposure explanation for the sex differences in the auditory
system. This explanation is noncommital on whether the differences in strength of the
cochlear amplifiers are caused by genes, by other factors and mechanisms, or a combination
of the two; however, the presumption is that, if genes are involved, they play their role
indirectly via androgen exposure.

Note that, at birth, the androgen levels of male and female humans are essentially identical
[82], so it is the long-term (organizational) effects of prenatal androgens that presumably are
responsible for the sex differences in OAEs and AEPs in newborn infants [12,13,72,73,84],
not differences in existing hormone levels (activational effects). Also note that the auditory
sex differences in newborn humans exist before, or very early in, the so-called second surge
of androgens that begins soon after birth in males and persists until about postnatal week 24
[82]. That is, the sex differences in human OAEs and AEPs are established prior to the
second surge. In other species, some of the masculinization of the auditory system likely
does occur after birth.

OAEs and sexual orientation
There are group differences in the OAEs of nonheterosexuals and heterosexuals [60,61]. The
evidence is shown in Figure 2. Data for both SOAEs (top panel) and CEOAEs (bottom
panel) are shown. At the far left are the data for heterosexual females, at the far right are the
data for heterosexual males, and in the middle are the data for the nonheterosexuals.
Homosexuals and bisexuals were not independently recruited; those categorizations resulted
from detailed examination of the answers given to a collection of questionnaire items that
included the two traditional Kinsey items on sexual fantasies and experience, plus additional
items on past relationships and activities. Because most of these subjects were still college
age, I suspect that some may have moved to a different category with age and experience,
but I am confident that, as a group, the nonheterosexual subjects were different from the
heterosexual subjects at the time our measurements were made.

The differences between the black and white bars in Figure 2 reveal that the ear differences
were much the same for all the subject groups: namely, right ears had more SOAEs and
stronger CEOAEs than did left ears. Comparison of the bars at the far left and the far right
illustrates again the basic sex difference in SOAEs and CEOAEs (these are the same data as
shown in Figure 1). The new information contained in Figure 2 is that SOAE number and
CEOAE strength were diminished in the homosexual and bisexual females; they were
shifted in the direction of the males. Simply as a descriptive term, the OAEs of these
females were masculinized. The effect sizes for the differences between heterosexual and
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nonheterosexual females were approximately 0.57 and 0.41 for SOAEs and CEOAEs,
respectively. By contrast, the OAEs of the nonheterosexual males were not different from
those of the heterosexual males.

How might this masculinization of the OAEs of nonheterosexual females be explained? One
plausible possibility is that their cochlear amplifiers were weakened during prenatal
development in much the same way they apparently are in normal males – by exposure to
androgens. In this case, the origins of these anomalous androgens are unknown, but some
suggestions are made below. Note that the directionality of this effect is the same as for the
simplistic explanation of nonheterosexuality described above. Both th e weakening of the
cochlear amplifiers and the throwing of the switch determining choice of sex partner from
its “default” position appear to require exposure to androgens. In a recent review of the
various theories of the origins of homosexuality, LeVay [37] also concluded that atypical
exposure to prenatal androgens likely plays a crucial role. Note that the difference in
androgen exposure (if that is the right explanation) had to be small; our nonheterosexual
females are fully female, structurally and functionally. Indeed, one of the most fascinating
characteristics of nonheterosexuality is how extremely subtle the differences are. As noted,
there is some evidence that the FLRs of nonheterosexual females also are masculinized (e.g.,
[28,56,66]).

If there is any truth to this prenatal-androgen-exposure idea about the origins of
nonheterosexuality in females, then we have the curious situation that the auditory system is,
for some peculiar reason, sensitive to the same mechanisms that are involved in changing
the “default” choice for sex partner. Why the auditory system should be sensitive to these
mechanisms is not clear, but the existence of this sensitivity does provide us with what
appears to be a valuable window on hormonal events occurring during prenatal
development.

If the prenatal-androgen-exposure idea is correct, then why are the OAEs of nonheterosexual
females affected but the OAEs of nonheterosexual males not different from those of
heterosexual males? There are at least three possible reasons, and they are not mutually
exclusive. One possibility is procedural; before making any OAE measurements, we used an
audiometer to screen prospective subjects for hearing loss. If the cochlear amplifiers of
nonheterosexual males are weaker than those of heterosexual males (hyper-masculinized),
then their hearing sensitivity would be reduced, meaning that more nonheterosexual males
than hetereosexual males may have failed the hearing screening test and been excluded from
the study. As a consequence, the OAEs of those two groups did not differ even though they
would have if more of the nonheterosexual applicants had been included. In our defense, if
we had not used common audiometric standards to assure that only “normal-hearing”
subjects were included in our study, our reports surely would not have been accepted for
publication out of a concern that our heterosexual and nonheterosexual groups may have
been noncomparable for hearing sensitivity. Hindsight is perfect; in retrospect, we could
have obtained the audiometric measurements on all prospective subjects but not used those
results for excluding subjects in advance, and then analyzed the OAE data both for all
subjects and only for those subjects having “normal” hearing. Note that this possibility is
contradicted by the fact that some AEPs of nonheterosexual males were different from those
of heterosexual males (see below; also [53]), even though hearing screening was used in that
study as well.

Another possible reason for the OAEs of nonheterosexual males not being different from
those of heterosexual males is that the cochlea may be less sensitive to the processes
responsible for nonheterosexuality in males than it is to the corresponding processes in
females. For example, some of the masculinization of the structures and mechanisms
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underlying female nonheterosexuality may coincide temporally with the development of
cochlear structures relevant to the production of OAEs, whereas in males the
masculinization of sexuality may coincide less well with relevant cochlear development. In
support of this possibility, aspects of the auditory brain (revealed by the AEPs; see below)
are different in nonheterosexual and heterosexual males even though OAEs are not. That
difference may be simply a matter of timing during development.

A third possible reason for the OAEs of nonheterosexual males not being different from
those of heterosexual males is that the structures or mechanisms themselves underlying
nonheterosexuality in females are fundamentally different from those in males. The ways
heterosexual and nonheterosexual females differ behaviorally are not the same as the ways
heterosexual and nonheterosexual males differ behaviorally (reviewed in [3]). For example,
nonheterosexual females exceed nonheterosexual males in all categories of heterosexual
experience; also, there are far more female than male bisexuals. Perhaps these behavioral
differences reflect fundamental differences in the brain structures and mechanisms involved
in nonheterosexuality in the two sexes that somehow protect the cochlea in males but not in
females. As noted, these three possibilities are not mutually exclusive.

AEPs and sexual orientation
If the cochleas of nonheterosexual females are different from those of heterosexuals, what
about the rest of the auditory brain? The answer is that some peaks of the AEP also are
masculinized in nonheterosexual females [53]. The evidence is shown in the left half of
Figure 3. The format of this figure is like that of Figure 2, with the data from the
heterosexual females and heterosexual males being at the extreme left and right,
respectively, and the data for the nonheterosexual subjects in between. Each panel contains
the data for a different AEP measure; some are latencies and some are amplitudes. The ear
differences (actually, side-of-head differences) are not as consistent as they were for OAEs,
but that can be ignored for the moment. The important feature of Figure 3 is that, for each
measure shown, the data for the nonheterosexual females are different from those for the
heterosexual females. Only some of these measures showed a basic sex difference, but when
one existed, the nonheterosexual females were shifted toward the heterosexual males; that
is, they were masculinized, just as were their OAEs (Figure 2). The effect sizes for sexual
orientation in females ranged between about 0.4 and 0.6.

The implication of the results shown in Figure 3 is that, not just the cochleas, but also parts
of the auditory brain, are masculinized in nonheterosexual females. When in development
this occurs is not yet known, but one possibility is that both the cochlea and the auditory
brain were masculinized during prenatal development.

One obvious question about the results shown in Figure 3 is whether they represent “only”
an obligatory perpetuation of the OAE results. That is, does the diminution of the strength of
the cochlear amplifiers necessarily lead to the additional masculinizations in the AEP
measures – a “pass-through” effect? One counterargument is that the very first measure in
the AEP chain, Wave I of the ABR, did not show a difference for the nonheterosexual
females. Another counterargument is that not all AEP measures showing a sex difference
also showed a difference for the nonheterosexual females. Finally, the side-of-head
differences for AEPs did not always favor the right ear, where OAEs were stronger.

The AEPs for heterosexual and nonheterosexual males also were different for some
measures, as the summary in Figure 4 reveals. As was true for the females, not all of the
measures showing differences with orientation also showed a basic sex difference, but when
the latter did exist, the values for the nonheterosexual males were shifted away from those
for the heterosexual females. That is, the values for the nonheterosexual males were hyper-
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masculinized (other examples of hyper-masculinization in nonheterosexual males are
discussed below). The effect sizes for sexual orientation in males ranged between about 0.4
to 0.6. The presence of AEP differences for males (Figure 4) in the absence of OAE
differences for males (Figure 2) also suggests that the AEP differences are not simply “pass-
through” effects.

AEP interpeak intervals and sexual orientation
AEP waveforms are sometimes summarized by calculating the times between successive
peaks, called interpeak intervals. Such intervals are used clinically because they can be
longer than normal (prolonged) in some special populations [27]. Because we had collected
ABRs, MLRs, and LLRs on the same subjects, we had the capability of calculating a
succession of interpeak intervals and comparing them across sexual orientation (see [54]).
The results for males are shown in Figure 5, where two sets of stacked arrows represent the
succession of interpeak intervals for the two ears. The entries shown are for the peaks
obtained from the electrodes on the same side of the head as the ear being stimulated
acoustically, called ipsilateral left and ipsilateral right.

All of the differences between the heterosexual and nonheterosexual males in Figure 5
clearly are quite small, and the same was true for the corresponding comparisons for the
females (see [54]). Effect sizes for sexual orientation are shown in Table 1 for all the
relevant comparisons for both sexes. As a way to gain perspective on these differences, the
data were resampled (see [54] for details), and those effect sizes that were rare occurrences
are shown in bold font. Only one of the 12 comparisons made between heterosexual and
nonheterosexual females was unlikely to be attributable to chance: the interval Click → I for
the right side of the head. The mean duration of that interval for the nonheterosexual females
was shifted away from the mean for the heterosexual males, so descriptively, it was a hyper-
feminization. For the males, four of the 12 comparisons between heterosexuals and
nonheterosexuals were unlikely to be attributable to chance. For the interval V → Na on
both sides of the head, the mean intervals for the nonheterosexual males were shifted away
from those for the heterosexual females, so descriptively, these were hyper-
masculinizations. The other two rare intervals were hypo-masculinizations in the
nonheterosexual males.

Note that the raw latencies themselves necessarily are less variable, and thus
psychometrically preferable to, these inter-peak intervals. So these results provide only weak
confirmation of the AEP differences already reported above [53]. However, the fluctuating
directionality of the results provides additional examples of a phenomenon previously noted
in research on sexual orientation: A mixture of hyper- and hypo-masculinizations in the
same subjects. This mixture admittedly seems quite odd, but it is not unprecedented.
Typically, when nonheterosexual males are found to be different from heterosexual males on
some measure, the directionality of effect is a hypo-masculinization. That is, the measures
for the nonheterosexual males are intermediate to those of heterosexual females and
heterosexual males (e.g., [5,31,36,41,46,80,91]; and [76] review numerous examples). Less
commonly, nonheterosexual males also have been reported to be hyper-masculinized: for
example, on measures such as handedness and penis size (e.g., [6,35,95]) as well as the AEP
measures shown in Figure 4 (from [53]). Outcomes of this sort are perplexing if
nonheterosexuality is caused by an anomaly in the global exposure to androgens at some
point early in development. If the circulating levels of androgens are anomalously and
globally high or low, then all relevant parts of the brain and body seemingly should be
affected similarly. So, perhaps global exposure is not the correct way to think about
nonheterosexuality, and perhaps nonheterosexuality, at least in males, originates from
mechanisms acting locally in the brain (see [50]), a topic that is discussed below.
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Other Characteristics of OAEs
There are a number of characteristics of OAEs and AEPs that deserve consideration when
evaluating the working hypothesis that early, perhaps prenatal, exposure to androgens can
affect the cochlea and the auditory segments of the brain.

1. In humans, SOAE number and CEOAE strength are largely attributable to genes.
Heritability (the proportion of phenotypic variance that is attributable to genetic
differences among individuals) is about 0.75 for those two OAE measures [55,57].
That makes them less heritable than height and fingerprint characteristics, more
heritable than psychological traits like honesty and religiousity, and about equally
as heritable as adult IQ [68]. The implication is that something about the strength of
the cochlear amplifiers is affected by the genes, and, as noted above, I presume that
the degree of androgen exposure is the ultimate mechanism of implementation.
Heritabilities for AEPs appear to be somewhat smaller than for OAEs (e.g., [85]).

2. The OAEs of females having male co-twins are masculinized; the number of their
SOAEs and the strength of their CEOAEs are shifted towards those of males
[47,57]. One interpretation is that the cochlear amplifiers of these opposite-sex
dizygotic (OSDZ) females were weakened because they were exposed to higher-
than-normal levels of androgens (for females) because of the simultaneous presence
of a male in the womb. That is, perhaps some of the androgens produced by the
male co-twin diffused into the intrauterine fluid and thus reached the OSDZ female,
where they somehow weakened the cochlear amplifiers. While this may seem
rather far-fetched upon first hearing, intrauterine effects of this sort are well-known
in other mammals, where it is called the intrauterine-position phenomenon (see
[14,78,88]. Dozens of physiological and behavioral characteristics can be
masculinized in these species. In humans, OSDZ females also have been reported
to have masculinized dentition and to be less prolific, among other differences (see
[7,19,26,43,71], but not to be atypical on other likely characteristics [32,40,71].
Early reports suggested that finger-length ratios might differ between females from
same-sex and opposite-sex twin pairs [87,89], but other investigators have found no
difference [17,70]. Even so, masculinization of the female co-twin by the male co-
twin is the simplest explanation of the weak OAEs in OSDZ females that I can
think of, and it is a well-documented phenomenon in other mammals.

3. There is some evidence for activational as well as organizational effects of
hormones on human OAEs and AEPs. In humans, AEPs are stronger during the
midluteal phase of the menstrual cycle than during menses [22,23,24], although
there is little or no change in OAEs across the cycle [29,94]. Second, both AEPs
and OAEs are masculinized in women using oral contraceptives [49]; these effects
were greater for AEPs than for OAEs, but were not large in either case. Although
not tested directly, the presumption is that both measures would return to normal
upon cessation of the drug. Third, OAEs gradually strengthened in an adult male
taking high levels of estrogens to suppress his androgens prior to sex-change
surgery [62].

4. There is some evidence that OAEs vary with ethnic background. Specifically,
people with dark skin seem to have more SOAEs than people with light skin, and
Asians seem to be intermediate to those two groups (reviewed in [48]. Previous
reports had indicated that dark-skinned people also have better hearing sensitivity
and are less susceptible to noise-induced hearing loss than fair-skinned people
(reviewed in [67]), so it appears that melanin concentration is correlated with
mechanisms that strengthen and/or protect the cochlear amplifiers. The absolute
values of finger-length ratios also vary with skin color [45], so greatly in fact that
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tight control of ethnicity is required in FLR research. Typically, a sex difference
does exist in the FLRs of other ethnic groups and is in the same direction as for
Caucasians.

5. The CEOAEs of rhesus monkeys (Macaca mulatta) are like those in humans in that
they are stronger in females than in males [63]. Interestingly, the magnitude of this
sex difference fluctuates seasonally because the CEOAEs of the males are weaker
during the breeding season (when male androgen levels are high) than during the
birthing season (when male androgen levels are low). That is, both organizational
and activational effects of hormones were seen in this species. The effect size for
sex difference was about 1.2 during breeding season. In accord with the prenatal-
androgen-exposure explanation, rhesus monkeys administered additional androgens
late in prenatal development had weaker OAEs than those of untreated monkeys,
and that was true of both sexes. The cochlear amplifiers seemingly were weakened
by additional androgens, as the working hypothesis suggests. In addition, male
monkeys administered an anti-androgenic agent (flutamide) during prenatal
development had slightly stronger CEOAEs than untreated males, an outcome also
in accord with the idea that androgens weaken the cochlear-amplifier system. (The
anti-androgenic agent did not produce OAE differences in females, however.)

6. Sheep (Ovis aries) also exhibit a small sex difference in CEOAE strength that
favors the females [64]. The effect size was about 0.4. Also, the CEOAEs of
females administered androgens during prenatal development were weaker than
those of untreated females, as is predicted by the prenatal-androgen-exposure
explanation. However, the CEOAEs of androgen-treated males were not weakened
(possibly due to a systemic reduction in androgen production that left the overall
concentration near the normal range?).

7. The spotted hyena (Crocuta crocuta) is an interesting species because females
normally are exposed to high levels of androgens prenatally, and as a consequence,
the females are larger than the males, will dominate some males, and have an
elaborated clitoris that is erectile and appears similar to a penis. In accord with the
prenatal-androgen-exposure explanation, the CEOAEs of female spotted hyenas
were not stronger than those of males [65]. Furthermore, hyenas administered
flutamide (which blocks androgen receptors) and finasteride (which blocks the
conversion of testosterone into its active metabolite dihydrotestosterone) exhibited
stronger CEOAEs than untreated hyenas, suggesting that these agents did protect
their recipients’ cochlear amplifiers from being fully weakened by their normally
high prenatal androgen exposure. In both the rhesus and hyena colonies, there were
animals that had experienced normal gestations but then were gonadectomized at
varying times after birth, and in both species, their CEOAEs were similar in
strength to those of untreated animals. This outcome confirms that it is the
organizational effects of prenatal hormonal exposure that are most important to
OAE expression in adults, not the currently circulating hormone levels.

This summary reveals that there are a number of lines of evidence supporting the prenatal-
androgen-exposure explanation of the sex difference in OAEs and the masculinization of the
OAEs in OSDZ females. Accordingly, it seems reasonable to assume that the differences in
OAEs and AEPs observed in nonheterosexuals also exist because of atypical hormonal
processes during prenatal development. No one yet knows if, at birth, the OAEs or AEPs of
people who become nonheterosexual as adults are different from those of people who
become heterosexual, but that implication exists in the data collected to date. The
magnitudes of the group differences are small, the individual differences are large, and
OAEs and AEPs can be similarly affected by other factors (such as minor hearing loss), so it
is highly unlikely that OAEs ever could be used to predict sexual orientation later in life, and
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there is no obvious need for predictive measures of this sort. Nonetheless, there is a strong
implication that the auditory systems of nonheterosexual humans are subtly different at
birth, and thus, that the brain structure(s) responsible for sexual orientation likely are
different at birth as well.

The Working Hypothesis
Figure 6 summarizes the prenatal-androgen-exposure explanation of sex differences,
orientation differences, and OSDZ-twin differences in OAEs and AEPs. Beginning at the
top left, high levels of prenatal androgens are presumed to weaken the cochlear amplifiers
and also to alter auditory structures in the brain, leading to changes in OAEs, hearing
sensitivity, AEPs, and perhaps other auditory characteristics. The dotted lines indicate
additional possible factors in the overall process. Direct-gene effects [1,34] ultimately may
be discovered for some of the group differences discussed here, but for the moment the most
parsimonious explanation appears to be prenatal androgen exposure.

Prenatal timelines
In order to evaluate the plausibility of the prenatal-androgen-exposure explanation for
various group differences in the auditory system, it is necessary to know something about
the timing of both cochlear development and androgen exposure. In humans, a developing
male fe tus begins to produce testosterone about week 8 of gestation, the testosterone levels
peak about week 16, this first surge of testosterone ends about prenatal week 24, and the
testosterone levels in males then become low and similar to the levels in females until birth
(see [82]). At its peak, the plasma testosterone concentration in the male fetus is about that
seen in adult males and is about 3 – 10 times higher than the level in the female fetus. The
fetus is recognizable as male at about prenatal week 10, and the masculinization of the
external genitalia appears complete between about weeks 16 and 20. As noted, there is a
second surge of testosterone that begins soon after birth, that peaks about postnatal week 8,
and is complete by about postnatal week 24. At its peak, the second surge in testosterone is
about half the concentration reached in prenatal week 16.

Pujol and Lavigne-Rebillard [75] have summarized the prenatal development of the cochlea.
The coiling of the human cochlea is complete by prenatal week 9, which is about the time
testosterone production begins in male fetuses. The sensory surface on the basilar membrane
remains undifferentiated until the sensory hair cells begin to differentiate between about
prenatal weeks 11 and 12. There are two gradients of development for the hair cells: from
base to apex of the cochlea, and from the single row of inner hair cells (IHCs) toward the
three rows of outer hair cells (OHCs). The IHCs appear to mature somewhat faster than the
OHCs, but both are beginning to receive afferent fibers between about prenatal weeks 12
and 14. Efferent fibers are beginning to appear near the bases of the OHCs by week 20, but
mature efferent synapses are not present until about prenatal weeks 26 – 30 (by which time
the testosterone levels in male fetuses have fallen to the levels in female fetuses). Prenatal
week 30 is believed to mark the completion of cochlear maturation, although myelination of
auditory nerve fibers continues for weeks after birth. The human cochlea is believed to begin
functioning (i.e., sending afferent impulses to the brain) by about prenatal week 20, and
cortical evoked potentials have been found in premature infants at prenatal week 25.
Whitlon [92] provides details about the developmental processes in hair cells.

As noted, a number of facts suggest that the critical structures in the cochlea for OAEs are
the OHCs. They are electromotile [10], which allows them to alter cochlear
micromechanics, and they receive efferent synapses directly, meaning that their effects can
be modulated by higher brain centers. A plausible hypothesis is that something about the
OHCs is different in the two sexes because of the actions, direct or indirect, of androgens
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prenatally (other factors possibly contributing to the sex differences in OAEs and AEPs at
birth were discussed in [52]. The two timelines above reveal no obvious conflict with such
an idea. The androgen levels in human males are high during the time the OHCs are
differentiating and receiving efferent contacts. Androgen receptors do exist in both IHCs and
OHCs of adult mammals (B. Canlon, personal communication, 1 July 2009), and assuming
that those receptors also are expressed during prenatal development, then the opportunity
exists for an androgen-induced effect when and where it is needed to explain the relevant
facts. [Estrogen receptors also exist in the cochlea [83], so, logically, the cochlear
masculinization might be accomplished by estradiol aromatized from testosterone, but
Wallen and Baum [90] argued that there is little evidence for estradiol being a masculinizing
agent in humans.]

Localized and nonmonotonic effects
Now let us return to the topic of both hyper-masculinization and hypo-masculinization in the
same nonheterosexual individuals. For the sake of argument, imagine that the differences
exhibited in sex-related characteristics and traits by nonheterosexual males and females do
not originate from global, relatively long-lasting differences in prenatal androgen levels, but
rather from differences in androgen uptake or post-uptake androgen action in certain
localized structure(s) during certain localized time(s) during prenatal development (see
[50]). For example, this could occur if, for some reason, the number of active androgen
receptors in these localized circuits was atypically large or small for a (perhaps short) period
of time, and as a consequence, the androgen uptake by the relevant cells was atypical. If
receptor anomalies of this sort were to occur at multiple localized regions of the brain, and at
slightly different times in prenatal development, then it becomes easier to understand how
some characteristics or traits could be hypo-masculinized and others hyper-masculinized in
the same people; the androgen uptake (and masculinization) was anomalously low or
anomalously high in different localized structures at critical times in development.
Alternatively, one or more of the molecular aftereffects of androgen uptake – the stages
leading to and involving transcription and translation -- might be atypical. This way, global
androgen levels become subordinate to local events; two fetuses having exactly the same
global androgen levels (as measured in the intrauterine fluid or in the mother's or fetus's
blood supply or cerebrospinal fluid) could end up with differences in the brain that lead to
differences in sexual orientation because of differences in localized androgen uptake or post-
uptake androgen action. Woodson and Gorski [93] also argued for localized mechanisms for
sexual differentiation, and [76] discussed localized effects in the context of sexual
orientation.

Related to the idea of localized effects of hormones is the topic of nonmonotonic effects of
hormones. (In this context, a nonmonotonic response is one in which some dependent
variable changes regularly with increases in some independent variable up to some point but
then, with further increases in the independent variable, the dependent variable reverses its
direction of change.) In numerous animal studies, androgens have been administered to
males either prenatally or perinatally and various dependent variables monitored. Often the
additional androgens produce an additional masculinization on some measures, as would be
expected, and sometimes there is no effect on some measures. More importantly,
investigators occasionally report that some measures are less-than-fully masculinized, and
this hypo-masculinization is seen in the same animals for which there is hyper-masculization
(or no effect) on some other measures.

To summarize the examples given elsewhere [50]: female Mongolian gerbils injected with
androgens shortly after birth exhibited the male-typical tripodal stance, as might be
expected, but when male gerbils were similarly injected, they exhibited the female-typical
stance [15], which is contrary to expectation. When male ferrets were given additional
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androgens early in development, testicular descent was incomplete and the number of
intromissions was lower than in untreated males [2]. Male rats administered additional
androgens perinatally were hyper-masculinized on some sexually dimorphic traits and hypo-
masculinized on others [79]. Similar examples can be found in [20,69,74] (and [21] reported
a nonmonotonic response to estrogen administration in females). In all of these cases, the
hormone level presumably was higher than normal everywhere in the bodies and brains of
the treated animals, yet some structures seemingly were affected differently from others.
Apparently, localized effects can follow global exposures, at least in non-humans. These
various reports suggest that some male brain structures can exhibit nonmonotonic responses
to androgen dosage. The details of this mechanism are unclear, but the phenomenon appears
real. Note that mixed outcomes of the sort described cannot be attributed solely to the well-
known down-regulation of androgen production that can occur in the face of high androgen
levels (e.g., [9]), because that is a global change, meaning that the directionality of effect
ought to be the same for all measures, which is not the case.

For me, the concepts of localized effects and nonmonotonic effects are closely related. Both
have the ability to explain the existence of hypo- and hyper-masculinization in
nonheterosexual males, and in other special populations. Note that nonmonotonic effects is
not a necessary mechanism for understanding these mixed outcomes because the mechanism
of localized effects appears adequate for that. However, nonmonotonic responses to
androgen concentration have been reported by more than one investigator, so the
phenomenon belongs in our thinking and theorizing. Clearly, there is nothing to prevent both
mechanisms from working together in certain circumstances. Investigators should be
encouraged to watch for additional examples of nonmonotonic responses to hormones, and
for evidence of localized effects of hormones. If the idea of localized effects proves to be
incorrect, then we will need another explanation for how the same group of subjects can be
hyper-masculinized on some measures, hypo-masculinized on others, and no different on yet
others.

Additional special populations
There are additional special populations of humans that could be studied in order to advance
knowledge about the prenatal effects of androgens on the auditory system. In congenital
adrenal hyperplasia (CAH), the adrenal gland behaves atypically during prenatal
development, with the result that the developing fetus exposes itself to abnormally high
levels of androgens (e.g., [18]). For male fetuses, there are no obvious morphological
consequences of this over-exposure; CAH males are not hypermasculinized, perhaps
because of some negative feedback mechanism that reduces the production of testicular
androgens (e.g., [9]). However, the bodies and behaviors of CAH females can be affected
more or less greatly by this over-exposure to androgens. At birth, the genitals of CAH
females can be partially masculinized, and later in life various masculine behaviors can be
evident (e.g., [18]). The prediction from the prenatal-androgen-exposure hypothesis
suggested above is that CAH females ought to have weakened cochlear amplifiers, and,
thus, masculinized OAEs. To the extent the brain also is affected, CAH females also ought
to have masculinized AEPs.

Some fetuses having a Y chromosome do begin to produce androgens early in prenatal
development, but they have defective androgen receptors, and that prevents the androgen
from doing its typical job of masculinizing the body and brain. This androgen-insensitivity
syndrome (AIS) can be complete or partial; when complete, the person appears fully female
at birth, is raised female, and typically is not recognized as atypical until puberty, when
menstruation fails to begin. The clear prediction from the prenatal-androgen-exposure
hypothesis is that AIS females ought to have OAEs and AEPs that are like those of normal
females even though they are chromosomally male.
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Another special population of interest in the current context is people diagnosed with autism
spectrum disorders (ASD; [38]). ASD is far more common in males than in females and
some of its signature features are evident beginning early in life. This pair of characteristics
suggests that prenatal androgens may play a central role in the etiology of ASD, and if true,
then the prediction again is straight-forward: The OAEs, and perhaps the AEPs, of males
with ASD ought to be hyper-masculinized and those of females with ASD ought to be
masculinized. Over the years, I have made numerous attempts to collaborate with experts on
CAH, AIS, and ASD to obtain auditory measures from these special populations, but so far
funding has been elusive.

Conclusions
A number of lines of circumstantial evidence suggest that the cochlear-amplifier system in
mammals can be masculinized during prenatal development. A parsimonious conclusion to
draw is that the relevant mechanism is androgen exposure. If that is the correct conclusion,
then the basic sex differences in OAEs and AEPs (at birth and in young adults) are likely
attributable to a difference in genes that in turn leads to the global difference in prenatal
androgen exposure. Also, if that conclusion is correct, then it is likely that the OAE
differences seen in nonheterosexual (and OSDZ) females are correlated effects of atypical
androgen exposures; these atypical exposures could be either direct effects of some still-
unknown genes or (more likely to me) some congenital mechanism operating to produce
either a global or local over-exposure to androgens during some, perhaps critical, period in
prenatal development. Note that if genes are involved, they need not be ones explicitly
involved in normal sexual differentiation as long as they have the ability to affect androgen
production, androgen uptake, or post-uptake androgen action in some way in some critical
location(s) in the brain. Again, if that original conclusion is correct, the AEP differences
seen in nonheterosexual females and males also are likely to be attributable to anomalous
androgen exposure prenatally. Research on human special populations having CAH, AIS,
and ASD would provide valuable additional information about the prenatal effects of
androgens on the auditory system. The literatures on early androgen exposure in both
humans and non-humans contain enough examples of apparently local and apparently
nonmonotonic effects that these topics deserve greater consideration by the research
community.
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AEP auditory evoked potential
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CAH congenital adrenal hyperplasia

CEOAE click-evoked otoacoustic emission
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dB SPL decibels sound-pressure level

DPOAE distortion-product otoacoustic emissions

FLR finger-length ratio

IHCs inner hair cells

IQ intelligence quotient

LLR long-latency response

MLR middle-latency response

OAE otoacoustic emission

OHCs outer hair cells

OSDZ opposite-sex dizygotic twin

rms root-mean-square

SOAE spontaneous otoacoustic emission
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Figure 1.
Sex differences in SOAEs (left) and CEOAEs (right) measured in the same ears. Human
females generally have more and stronger OAEs than males, and those differences are
substantially larger than the differences between the ears. Similar differences have been
reported for newborn infants. Data are from [60,61], and are reproduced with permission.
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Figure 2.
Number of SOAEs (top) and strength of CEOAEs (bottom) for people of differing sexual
orientations. The data for the heterosexual females and males are shown at the far left and
right, respectively, and the data for the various nonheterosexual groups are in between. The
OAEs of homosexual and bisexual females are shifted toward those of heterosexual males
(are masculinized), but the OAEs for nonheterosexual and heterosexual males are not
different. The Ns for bisexual males are too small to permit credible conclusions. Based on
Figure 3 in [50] and reproduced with kind permission of Springer Science and Business
Media.
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Figure 3.
AEP measures showing differences by sexual orientation for females (F = female, M = male,
Ht = heterosexual, Hm = homosexual, Bi = bisexual). The data for the heterosexual females
and males are shown at the far left and right, respectively, and the data for the various
nonheterosexual groups are in between. All females were non-users of systemic
contraceptives. Note in the left half of the figure that, for every panel, the values for the
nonheterosexual females were significantly different from those for the heterosexual females
even though there were significant sex differences only in panels 1 and 3. In general, the
AEPs of nonheterosexual females were masculinized. Figure from [53] and reproduced with
permission.
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Figure 4.
AEP measures showing differences by sexual orientation for males. Again, the data for the
heterosexual females and males are shown at the far left and right, respectively, and the data
for the various nonheterosexual groups are in between. The abbreviations are the same as for
Figure 3. Note in the right half of the figure that, for every panel, the values for the
nonheterosexual males were significantly different from those for the heterosexual males
even though there were significant sex differences only in panels 1, 4, and 5. In general, the
AEPs of nonheterosexual males were hyper-masculinized. Figure from [53] and reproduced
with permission.
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Figure 5.
Time intervals between successive peaks in the AEPs of heterosexual and nonheterosexual
(homosexual plus bisexual) males. Shown for each interval for both groups and for both
sides of the head are means and standard errors (both in milliseconds) and the Ns. Figure
from [54] and reproduced with permission.
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Figure 6.
A summary of the prenatal-androgen-exposure explanation for the basic sex difference in
OAEs and AEPs and the reduction of OAEs in females from OSDZ twin pairs. Beginning at
the top left, prenatal androgen exposure is presumed to affect the strength of the cochlear
amplifiers, with the result that both hearing sensitivity and OAEs are affected. In addition,
androgen exposure also apparently affects nuclei in the brain that are responsible for certain
components of the AEP. The dotted lines indicate that there may be additional genetic and
environmental influences affecting the various processes, mechanisms, and locations
illustrated in the diagram. The box at the bottom right acknowledges that additional, as yet
undiscovered, aspects of auditory function also might be affected by the androgen and other
influences.
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Table 1

Effect sizes for sexual orientation (heterosexual minus nonheterosexual females or heterosexual minus
nonheterosexual males).

Females Males

Side of Head Side of Head

Interval Left Right Left Right

Click -> I + 0.19 + 0.36† + 0.06 + 0.32‡

I -> V - 0.09 - 0.20 + 0.10 - 0.12

V -> Na - 0.20 - 0.13 - 0.38§ - 0.37§

Na -> Nb + 0.32 + 0.12 + 0.02 + 0.06

Nb -> N1* - 0.03 + 0.15 + 0.41‡ + 0.10

N1 -> N2* + 0.07 - 0.20 - 0.16 - 0.09

Bold font indicates that fewer than 5% of 20,000 resamples had an effect size whose absolute value was equal to or greater than the obtained effect
size shown.

*
Measurements obtained in study 1 only.

†
Hyper-feminized

‡
Hypo-masculinized

§
Hyper-masculinized
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