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Abstract

Previously, we demonstrated sex differences in auditory processing in 
the primary auditory cortex. In the present study, we expanded this data set 
with groups of homosexual males and females to study the influence of both 
sex and sexual orientation on cortical activation during auditory processing. 
Regional cerebral blood flow (rCBF) was measured with positron emission 
tomography in 39 subjects (10 heterosexual females, 10 heterosexual males, 
10 homosexual females and 9 homosexual males) while listening to sounds 
(music or white noise) and during a baseline (no auditory stimulation). A 
region of interest analysis in primary and secondary auditory areas revealed 
that the effect of sex on the activation in these regions is dependent on 
the sexual orientation of the volunteers and vice versa. Some main effects 
for sex were found, but these reflect the strong sex differences of the 
heterosexual groups. Sex differences in homosexuals were much smaller. 
Comparing hetero- and homosexuality showed different results for males 
than for females. Combining the results of males and females did not reveal 
a significant main effect for sexual orientation. These results show that sex 
and sexual orientation are not independent of each other and that they are 
important variables to take into account. Hence, a clear description of the 
experimental groups in terms of sex and sexual orientation is essential in 
neuroimaging studies.
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Introduction

In the past, studies on sex differences in brain activity have focussed 
on imaging well-established sex-typical behavior, for example finding 
the neural base for the known sex differences in language skills. Most 
reported sex differences concern higher cognitive tasks and hence higher 
order cortical areas. In contrast, the influence of sex has been neglected in 
many functional neuroimaging studies investigating activation patterns in 
tasks without obvious sex differences in behavior and in studies focussing 
on primary sensory areas. In the previous chapter, we demonstrated that 
sex does influence brain activation already at the level of primary cortices. 
We showed that the primary auditory cortex (PAC) of males and females 
process auditory stimuli differently with both sexes having similar hearing 
thresholds. The study pointed to sex as an important factor in functional 
auditory brain studies. 

The existence of sex differences in brain function generated 
questions about the influence of sexual orientation. A number of studies 
found differences in brain structure and function between hetero- and 
homosexuals (Allen & Gorski, 1992; Reite et al., 1995; Swaab et al., 1995; 
Swaab and Hofman, 1995; Kimura, 1996; Sanders and Wright, 1997; 
Wegesin, 1998; Swaab et al., 2001; Kinnunen et al., 2004; Rahman, 2005; 
Savic et al., 2005; Kranz and Ishai, 2006). The influence of sex and sexual 
orientation on the peripheral and central auditory system has been shown 
in otoacoustic emissions and auditory evoked potentials (Bilger et al., 
1990; McFadden, 1993; McFadden et al., 1996; McFadden and Pasanen, 
1998; McFadden and Pasanen, 1999; McFadden, 2000; McFadden and 
Champlin, 2000; McFadden, 2002; Loehlin and McFadden, 2003). 
McFadden and colleagues found a masculinization of the auditory system in 
homosexual females compared to heterosexual females. For the male groups 
results were less straightforward. On some measures no differences between 
the male groups were found, on other measures a hypermasculinization of 
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homosexual males was detected. These findings together with our previously 
found sex differences lead to the present experiment, namely investigating 
with functional neuroimaging the effect of sex and sexual orientation on 
auditory cortical regions. Therefore, we extended our previous data set of 
heterosexual males and females with a male and female homosexual group 
and we compared the activation patterns induced by music, noise and 
baseline (no auditory stimulation) in the four groups. 

Material and Methods

Subjects

Thirty-nine healthy volunteers participated in this study, divided 
in four groups: heterosexual males (Mht, 10 subjects), heterosexual females 
(Fht, 10 subjects), homosexual males (Mhm, 9 subjects) and homosexual 
females (Fhm, 10 subjects). The mean ages were 23 years, 22 years, 36 and 
32 years respectively. Homosexuality was rated according to the Kinsey 
homosexuality scale and only volunteers with score 6 were included as 
homosexual (Kinsey et al., 1948; Kinsey et al., 1953). Note that for the 
previous groups of heterosexual volunteers these data were not available. 
Right-handedness was assessed using the Edinburgh Handedness Inventory 
(Oldfield, 1971). Prior to the scanning, subjects were tested for their hearing 
thresholds using standard audiometric measures. All subjects had normal 
hearing thresholds (< 20 dBHL, 0.25-8 kHz). All volunteers gave written 
informed consent according to the Declaration of Helsinki and the Medical 
Ethics Committee of the University Medical Center Groningen approved 
the study. None of the subjects had any history of psychiatric or neurological 
disorders. 

Functional neuroimaging of the auditory cortex in hetero- and homosexuals
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Data Acquisition

Regional cerebral blood flow (rCBF) was measured using radioactive 
water ([15O]-water, halflife 122 sec) as a tracer. A Siemens Ecat Exact HR+ 
PET scanner, operated in three-dimensional mode with a 15,5 cm axial 
field of view, acquired 63 slices simultaneously. Each subject was scanned 12 
times to measure the distribution of [15O]-water with a 10 minutes interval 
between two scans to allow for decay. Each scan was performed after an 
intravenous bolus injection of 500 MBq of [15O]-water per scan. Except 
for the first scan, scanning started 30 s prior to injection, to account for 
background activation. Scanning continued for 120 seconds. The activity 
measured during this period was summed and used as a measure of rCBF. A 
scan specific calculated attenuation correction was performed to minimize 
interscan displacement-induced variance (Reinders et al., 2002). 

Experimental design

As previously, three conditions were used in this experiment: baseline 
(no auditory stimulation), white noise (at an intensity level of 75 dBSL) and 
music (music of the movie “The Piano” at 75 dBSL). Each condition was 
presented four times in a random order. For stimulus presentation we used a 
clinical audiometer (Interacoustics, model AC30), a Tandberg Educational 
taperecorder and E.A.RTone® 3A insertphones (with E.A.RlinkTM eartips), 
which have a flat frequency response between 100 and 4000Hz, measured in 
a Zwislocki-coupler. Stimuli were presented binaurally. Ten seconds before 
injection of radioactive water, the stimulus was started. Because the tracer 
reaches the brain approximately 10 seconds after injection, subjects were 
exposed to the stimulus for 20 seconds before the distribution of [15O]-water 
in the brain starts. Subjects were instructed to close their eyes, not to move 
during the scans and to listen to the auditory stimuli. 
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Data analysis

The 2000 version of Statistical Parametric Mapping (SPM2: software 
from the Wellcome Department of Cognitive Neurology, London, UK) was 
used for spatial transformations (realignment, transformation into standard 
stereotactic space and smoothing with an isotropic Gaussian kernel of 8 mm 
FWHM) and statistical analysis (Friston et al., 1995). An ANOVA estimated 
the following parameters: four groups (Fht, Mht, Fhm and Mhm), three 
conditions (baseline, noise and music) and the mean perfusion to normalize 
for global flow differences (Multigroup, conditions and covariates). Each scan 
was scaled to a mean global activity of 50 ml/100ml/min. Hypotheses about 
regionally specific condition effects were tested comparing the estimates, 
using linear compounds or contrasts. The resulting set of voxel values for 
these contrasts constituted the associated SPM of the t-statistics. 

The significance threshold was assessed by multiple linear regression 
analyses (threshold p<0.05 FDR corrected for multiple comparisons 
(Genovese et al., 2002), with an extent cluster threshold of more than 8 
voxels). The results of the SPM-analyses are rendered onto a standard 
anatomical template of SPM2. In this chapter, we focus on the differences 
between the four groups in activation of the auditory areas, namely the 
primary and secondary auditory areas. We conducted voxel-wise SPM 
analyses on the whole brain and regions of interest analyses were performed 
to reach maximal statistical sensitivity in the primary and secondary 
auditory regions. The a priori defined regions of interest were the primary 
auditory cortex (PAC) and superior temporal gyrus (STG) bilaterally. For 
the PAC, we used the three-dimensional probabilistic cytoarchitectonic 
maps from the SPM Anatomy toolbox (Eickhoff et al., 2005). To compensate 
for differences in stereotactic space between SPM and the Anatomy toolbox, 
a linear transformation was applied to the anatomical ROI’s of the PAC. To 
depict the bilateral STG, the automated anatomical labeling (AAL) regions 
from MarsBaR were used (MARSeille Boîte À Région d’intérêt, Tzourio-

Functional neuroimaging of the auditory cortex in hetero- and homosexuals



80 81

Mazoyer et al., 2002). MarsBaR was then used to conduct the statistical 
analyses on these ROI’s. The statistical procedure in MarsBaR is the same 
as in SPM, but instead of analyzing on a voxel-by-voxel basis like SPM does, 
all voxels in a region are averaged and hence inferences about the whole 
region can be made. Also in MarsBaR, contrasts were considered significant 
at p<0.05. 

With three conditions (noise, music, baseline), two sexes (males, 
females) and two sexual orientations (hetero- and homosexuality), this study 
represents a 3 * 2 * 2 factorial design (Price et al., 1997). Figure 1 represents 
an overview of a sex * sexual orientation factorial design. For each contrast 
of auditory conditions (e.g. music minus baseline), this diagram can be 
completed. A factorial design enables the assessment of several effects: 
simple subtractions, main effects and interaction effects. The analysis starts 
by calculating the contrasts between the different auditory conditions (e.g. 
music minus baseline) for all 4 groups (Fht, Fhm, Mht and Mhm) and 
assessing its significance. Then, simple subtractions can be assessed, i.e. the 
contrasts of auditory conditions, just established, can be compared between 
two groups, e.g. Mht versus  Fht.  In these subtractions, one factor is constant 
(in the example heterosexuality) and the other factor is contrasted (in the 
example males versus females). Furthermore, for each contrast of auditory 
conditions, main effects for sex and main effects for sexual orientation can 
be assessed. A main effect investigates the effect on our auditory contrasts of 
one factor irrespective of the other factor by summing the simple subtraction 
results, e.g. (Mht+Mhm) versus (Fht+Fhm) gives the main effect for sex. 
Finally, the factorial design allows the assessment of interactions between 
the factors. An interaction between factors would show that the main effects 
for sex and sexual orientation are not independent of each other. Thus, if an 
interaction effect is present, the main effect for sex, obtained by pooling the 
results of hetero- and homosexuals, would depend on the sexual orientation 
and the main effect for sexual orientation, obtained by pooling the results 
of males and females, would depend on the sex. On the other hand, if there 
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is no interaction effect, the main effects show the effect of sex and sexual 
orientation independent of each other. 

Note that all analyses in SPM and in MarsBaR were one-sided t-
tests. For clarity reasons, figure 1 only shows one side of the analyses (e.g. 
males-females). In the actual analyses also the negative contrasts were tested 
(e.g. females-males) and the most significant side is reported in the tables. 

Functional neuroimaging of the auditory cortex in hetero- and homosexuals

Figure 1. Overview of the sex * sexual orientation factorial design and its corresponding 
statistical analyses.  It displays subtractions, main effects and interaction effects. For each 
possible contrast of auditory conditions, e.g. music minus baseline, this scheme can be 
filled in. Fht=females heterosexual, Fhm=females homosexual, Mht=males heterosexual, 
Mhm=males homosexual (see method section for details).
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Results

Figure 2 shows activated brain areas in each group separately for 
different contrasts of conditions. For each contrast, the four groups differ in 
activation pattern and when comparing noise to the baseline and vice versa 
some groups did not reveal any significant voxels. When pooling all the voxels 
of the PAC, the region of interest analysis did show significant activations 
for the four groups as shown by table 1. We investigated whether or not 
the previously reported sex differences in the heterosexual group can also 
be found in the homosexual group. Table 2a shows p-values of differences 
in activation between heterosexual males and heterosexual females (upper 
part) and between homosexual males and homosexual females (lower part). 
In the heterosexual group, sex differences were found mainly in the primary 
auditory area, the homosexual groups show only one sex difference in the 
superior temporal gyrus. The main effects for sex are demonstrated in table 
2b, i.e. hetero- plus homosexual males are compared with the whole group of 
females. Main effects were found in the right PAC and right STG for music 
compared to noise and in the right STG for noise versus baseline.  

Differences in activation due to sexual orientation were also 
investigated, table 3a shows the results for males and females separately. 
One significant effect of homosexuality was found in the female group and 
two significant effects for homosexuality in the male group. These results 
were combined to investigate possible main effects for sexual orientation, i.e. 
comparing the whole group of heterosexuals with all homosexuals (table 3b), 
but no main effect for sexual orientation was detected.

Table 4 shows several interaction effects for sex and sexual orientation 
in the left PAC and left and right STG.  
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Functional neuroimaging of the auditory cortex in hetero- and homosexuals

Figure 2. Full-color in appendix. Spatial distribution of significant (p<0.05 FDR 
corrected) changes in brain activation when comparing noise, music and the baseline 
in each group, Fht= Females heterosexual, Fhm=Females homosexual, Mht=Males 
heterosexual, Mhm=Males homosexual. Activations are displayed as an overlay on the 
volume rendered single subject anatomical template of SPM2. Contrasts that did not show 
significant (p<0.05 FDR corrected) in– or decreases in rCBF are not shown.
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Table 1. Contrast of conditions within each group. Region of 
interest analysis in the left and right primary auditory cortex (PAC) 
and left and right superior temporal gyrus (STG). For various 
contrasts of conditions, one-sided statistical significance was tested 
for each group separately. Fht=Females heterosexual, Fhm= 
Females homosexual, Mht=Males heterosexual, Mhm=Males 
homosexual. * = not significant at p<0.05.
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P-value

PAC STG

Left Right Left Right

Heterosexuals:
Mht vs Fht
Music - noise 0.020

†
0.009

†
0.129

†
0.223

†

Music - baseline 0.287
†

0.226
†

0.483* 0.088*

Noise - baseline 0.049* 0.037* 0.096* 0.009*

Homosexuals:
Mhm vs Fhm
Music - noise 0.791

†
0.083

†
0.202

*
0.050

†

Music - baseline 0.441
†

0.077
†

0.310
†

0.097
†

Noise - baseline 0.169
†

0.494
†

0.092
†

0.353*

Table 2a. Effect of sex within each group of sexual
orientation. Region of interest analysis in the left and right primary
auditory cortex (PAC) and left and right superior temporal gyrus
(STG). For various contrasts of conditions, one-sided statistical
significance was tested for the comparison of sexes within each
group of sexual orientation. M=Males, F= Females, ht=
heterosexual, hm=homosexual,

†
= males > females, *= females >

males. Significant values are printed in bold.

76

P-value

PAC STG

Left Right Left Right

(Mht vs Fht)   + (Mhm vs Fhm) =  (Mht + Mhm) vs (Fht + Fhm)

Music - noise 0.171
†

0.004
†

0.399
†

0.046
†

Music - baseline 0.303
†

0.065
†

0.381
†

0.449*

Noise - baseline 0.322* 0.108* 0.520* 0.028*

Table 2b. Main effect of sex. Region of interest analysis in the
left and right primary auditory cortex (PAC) and left and right
superior temporal gyrus (STG). For various contrasts of conditions,
one-sided statistical significance was tested for the main effects of

sex. M=Males, F=Females, ht=heterosexual, hm=homosexual,
†
=

males > females,
*
= females > males. Significant values are

printed in bold.

Table 2a. Effect of sex within each group of sexual orientation. Region 
of interest analysis in the left and right primary auditory cortex 
(PAC) and left and right superior temporal gyrus (STG). For various 
contrasts of conditions, one-sided statistical significance was tested 
for the comparison of sexes within each group of sexual orientation. 
M=Males, F= Females, ht= heterosexual, hm=homosexual, †= 
males > females, *= females > males. Significant values are printed 
in bold.

Table 2b. Main effect of sex. Region of interest analysis in the left 
and right primary auditory cortex (PAC) and left and right superior 
temporal gyrus (STG). For various contrasts of conditions, one-sided 
statistical significance was tested for the main effects of sex. M=Males, 
F=Females, ht=heterosexual, hm=homosexual, †= males > females,  
*= females > males. Significant values are printed in bold.
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�������

��� ���

���� ����� ���� �����

�������
����������
Music - noise ������ 0.165* 0.097� 0.410�

Music - baseline 0.308* 0.489� 0.306* 0.192�

Noise - baseline 0.081� 0.149� 0.207� 0.234�

�����
����������
Music - noise 0.143� 0.561* 0.246� 0.282�

Music - baseline 0.477* 0.292* 0.152* ������

Noise - baseline 0.114* 0.232* ������ 0.113*

����� ��� ������ �� ������ ����������� ������ ���� ����� ��
���� Region of interest analysis in the left and right primary
auditory cortex (PAC) and left and right superior temporal gyrus

(STG). For various contrasts of conditions, one-sided statistical
significance was tested for the comparison of sexual orientation
within each group of sex. M=Males, F=Females, ht=heterosexual,
hm=homosexual,

†
= heterosexual > homosexual, *= homosexual >

heterosexual. Significant values are printed in bold.

77

�������

��� ���

���� ����� ���� �����

�����������������������������������������������������������

Music - noise 0.303* 0.286* 0.341* 0.398*

Music - baseline 0.346* 0.357* 0.139* 0.277*

Noise - baseline 0.449� 0.416� 0.239* 0.363*

����� ��� ���� ������ �� ������ ������������ Region of interest
analysis in the left and right primary auditory cortex (PAC) and left
and right superior temporal gyrus (STG). For various contrasts of
conditions, one-sided statistical significance was tested for the
main effects of sexual orientation. M=Males, F=Females,
ht=heterosexual, hm=homosexual,

†
= heterosexuals >

homosexuals,
*
= homosexuals > heterosexuals. Significant values

are printed in bold.

Table 3b. Main effect of sexual orientation. Region of interest 
analysis in the left and right primary auditory cortex (PAC) 
and left and right superior temporal gyrus (STG). For various 
contrasts of conditions, one-sided statistical significance was 
tested for the main effects of sexual orientation. M=Males, 
F=Females, ht=heterosexual, hm=homosexual, †= heterosexuals > 
homosexuals,  *= homosexuals > heterosexuals. Significant values 
are printed in bold.

Table 3a. Effect of sexual orientation within each group of 
sex.Region of interest analysis in the left and right primary auditory 
cortex (PAC) and left and right superior temporal gyrus (STG). For 
various contrasts of conditions, one-sided statistical significance was 
tested for the comparison of sexual orientation within each group 
of sex. M=Males, F=Females,ht=heterosexual, hm=homosexual, 
†= heterosexual > homosexual, *= homosexual > heterosexual. 
Significant values are printed in bold.
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�������

��� ���

���� ����� ���� �����

��������������������������������������������������������

Music - noise ������ 0.216� 0.081� 0.283*

Music - baseline 0.377� 0.343* 0.357* ������

Noise - baseline ������ 0.105* ������ 0.085*

����� �� ����������� ������� ��� � ������ �����������. Region of interest
analysis in the left and right primary auditory cortex (PAC) and left and right
superior temporal gyrus (STG). For various contrast of conditions, one-sided
statistical significance was tested for the interactions sex x sexual orientation.
M=Males, F=Females, ht=heterosexual, hm=homosexual,

†
= the difference

between males and females is larger for heterosexuals than for homosexuals,
or equivalently the difference between heterosexuals and homosexuals is
larger in males than in females; *= the difference between males and females
is larger in homosexuals than in heterosexuals, or equivalently the difference

between heterosexuals and homosexuals is larger in females than in males.
Significant values are printed in bold.

Table 4. Interaction effects sex x sexual orientation. Region of interest 
analysis in the left and right primary auditory cortex (PAC) and left and right 
superior temporal gyrus (STG). For various contrast of conditions, one-sided 
statistical significance was tested for the interactions sex x sexual orientation. 
M=Males, F=Females, ht=heterosexual, hm=homosexual, †= the difference 
between males and females is larger for heterosexuals than for homosexuals, or 
equivalently the difference between heterosexuals and homosexuals is larger in 
males than in females; *= the difference between males and females is larger 
in homosexuals than in heterosexuals, or equivalently the difference between 
heterosexuals and homosexuals is larger in females than in males. Significant 
values are printed in bold.
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Discussion

Previously, we found sex differences in the auditory processing of 
music and noise, stimuli that have been used extensively in earlier functional 
neuroimaging research. The present study extends the previous results by 
investigating the influence of sexual orientation on auditory processing. 
We used the same experimental design as in the previous study so that our 
previous groups could be used as control groups. However, this implied a 
possible limitation.  In the present study, we used the Kinsey scale to rate 
homosexuality for inclusion of homosexual volunteers. The previously 
scanned heterosexual groups were not rated for sexual orientation. 
Prevalence of homosexuality has been extensively investigated and Sandfort 
and colleagues (2003) reported that 2-3% of the sexually active population 
in the Netherlands has same-sex partners. With a prevalence of 3%, the 
chance of 1 homo- or bisexual in a group of 10 control subjects is 23% and 
the chance on two or more is less than 2%. Hence, the fact that our control 
groups might not be exclusively heterosexual can reduce the statistical 
power when comparing the different groups. Because there is a difference 
in comparing sexes between hetero-and homosexuals (upper and lower part 
of table 2a), it is likely that the differences between heterosexual males and 
females (upper part) become even more significant when including only 
exclusive heterosexuals. The same applies to tables 3a (comparing sexual 
orientations within the sexes) and table 4 (interactions between sex and 
sexual orientation). The effect on table 2b, the main effect of sex irrespective 
of the sexual orientation, would be minimal. On the other hand, it is very 
unlikely that the p-values of the main effects for sexual orientation (table 3b) 
will change dramatically and reach significance when using homogeneous 
heterosexual groups. We thus conclude that the lack of information about 
the sexuality of our control group is a limitation of this study, but will 
actually reduce the power of our analysis, i.e. the reported differences are an 
underestimation of the true differences due to sex or sexual orientation.
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The previously found sex differences in auditory processing raised 
new questions, which we investigated in the present study. Firstly, are these 
sex differences also present between homosexuals? This is shown in table 
2a, which displays sex differences in both hetero- and homosexual groups. It 
is clear that significant sex differences are mainly present when comparing 
heterosexual males and females. Significant differences between homosexual 
males and females are less common. When these results of the heterosexual 
and homosexual groups are combined to assess the main effect of sex (table 
2b) the number of significant sex differences reduces. This is consistent 
with differences seen in table 2a since the main effect is determined by 
summing two dissimilar results. Apparently, sex differences depend on 
the sexual orientation of the experimental groups. Indeed, the sex * sexual 
orientation interaction effects (table 4) show that the main effects for sex are 
not independent of sexual orientation. 

The factorial design also allows the specific assessment of the 
influence of sexual orientation. In table 3a we separated the sexes to look at 
the differences between hetero- and homosexuality. Significance was only 
reached in a few cases and when the results for males and females were 
combined to assess the main effects for sexual orientation no effects were 
found (table 3b). This is consistent with the different results obtained for 
males and females as shown in table 3a. This dependence of the differences 
between hetero-and homosexuality on the sex of the experimental group is 
shown again by the interactions of table 4. 

This is the first time the influence of sex and sexual orientation on 
auditory processing is demonstrated in a brain activation study. It is clear 
that both factors have an interacting influence on auditory processing 
in both primary and secondary auditory regions. Previously, it has been 
found that sex and sexual orientation affect the peripheral auditory system 
using click-evoked and spontaneous otoacoustic emissions (McFadden and 
Pasanen, 1998;McFadden and Pasanen, 1999). And consistent with our 
results, both factors also have an influence on the central auditory system, 
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which was studied with auditory brainstem, middle latency and long-latency 
responses (McFadden and Champlin, 2000). 

This study gives important information about how to choose 
experimental groups when investigating central auditory processing using 
functional neuroimaging tools. In particular the interaction effects show 
that the four groups each have unique properties and choosing one group or 
mixing groups can influence the outcome of the study. Firstly, mixing males 
and females has the largest implications if the subjects are heterosexual, 
in the homosexual groups the effect is less. Mixing sexual orientations 
can have a subtle influence on the results in both males and females when 
investigating either males or females. Secondly, if one is interested in 
studying sex differences in brain activity, it is more likely to find differences 
when choosing heterosexual groups since homosexual males and females 
appear to be more homogeneous. And finally, when investigating the effect 
of sexual orientation, one should choose either males or females and not mix 
the sexes. This shows that clear reporting of the sex and sexual orientation of 
the experimental groups is essential in neuroimaging studies.
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