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Ovarian estrogens may influence the development of the human brain and behavior, but there are few oppor
tunities to test this possibility. Isolated GnRH deficiency (IGD) is a rare endocrine disorder that could provide
evidence for the role of estrogens in organizing sexually differentiated phenotypes: Unlike typical development,
development in individuals with IGD is characterized by low or absent gonadal hormone production after the
first trimester of gestation. Because external genitalia develop in the first trimester, external appearance is
nevertheless concordant with gonadal sex in people with IGD. We therefore investigated the effects of gonadal
hormones on sexual orientation by comparing participants with IGD (n = 97) to controls (n = 1670). Women
with IGD reported lower male-attraction compared with typically developing women. In contrast, no consistent
sexuality differences between IGD and typically developing men were evident. Ovarian hormones after the first
trimester appear to influence female-typical dimensions of sexual orientation.

1. Introduction
Men and women differ in their sexual attraction to males (andro
philia) vs. females (gynephilia) by approximately six standard de
viations (Hines, 2011), placing sexual orientation among the largest
human sex differences. Elucidating the factors that contribute to sexual
orientation can thus help clarify the sexual differentiation of human
psychology and behavior. Processes underlying sexual differentiation in
the mammalian brain are complex and multifaceted (McCarthy, 2020),
but abundant evidence points to a central role of testosterone (Morris
et al., 2004). In rodents, testosterone in the brain is converted by the
enzyme aromatase into estradiol, which binds to estrogen receptors and
regulates gene expression in male-typical patterns (Bakker et al., 2006;
Puts et al., 2006; Roselli et al., 2009). Rodent female brains are not
masculinized by ovarian estrogens because placental alpha-fetoprotein
binds circulating estrogens, thus preventing their entry into the

developing brain. By contrast, brain masculinization in humans and
other anthropoid primates appears to be regulated primarily via direct
binding of androgens to androgen receptors, rather than via aromati
zation of testosterone into estrogen (Puts and Motta-Mena, 2018). In
addition, alpha-fetoprotein has low affinity for estrogens in humans
(Swartz and Soloff, 1974), opening the possibility that ovarian estrogens
can cross the blood-brain barrier and influence female brain develop
ment (Cornil and Bakker, 2019).
Multiple lines of evidence indicate that human sexual orientation
depends on prenatal or early postnatal developmental events and is
relatively impervious to psychosocial intervention (Bailey et al., 2016).
Evidence further points to a role of perinatal androgens; (for reviews, see
Rosenfield et al. (2018); Wallen and Baum (2002)), but little evidence
exists regarding a potential role of early estrogen activity (Motta-Mena
and Puts, 2017). Lack of functional estrogen receptors does not appear to
affect sexual orientation in men (Cooke et al., 2017). In contrast, women
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genetic and chromosomal sex at birth. IGD is usually detected and
diagnosed only after an individual fails to spontaneously enter puberty
(Balasubramanian and Crowley, 2011), as no systematic external dif
ferences between individuals with and without IGD are apparent before
puberty.
IGD can thus clarify how reduced androgen and estrogen levels
during early development influence sexual orientation in individuals
whose external appearance is concordant with their chromosomal and
gonadal sex. We therefore compared individuals with IGD to typically
developing individuals on this highly sexually differentiated psycho
logical phenotype.

with Turner Syndrome have chronically low ovarian estrogens from
perinatal life until puberty (Bondy, 2007) and report reduced sexual
attraction and interest in men (Lew-Starowicz et al., 2003; Money and
Mittenthal, 1953). Some genetic studies also suggest a role of estrogen
receptors (Cortés-Cortés et al., 2017; Fernández et al., 2018), and of
androgen receptor-estrogen receptor interactions (Fernández et al.,
2018), in modulating aspects of sexually-differentiated psychology in
natal females, but not males. In sum, whereas existing data provide little
evidence that aromatization of testosterone into estrogen masculinizes
sexual orientation, ovarian estrogens may feminize it.
Isolated GnRH deficiency (IGD) is a rare endocrine disorder affecting
approximately 1 in 130,000 individuals, with a male-to-female ratio of
about 4:1 (Boehm et al., 2015; Laitinen et al., 2011). In individuals with
IGD, a network of neurons in the hypothalamus that secrete
gonadotropin-releasing hormone (GnRH) is either absent or nonfunc
tional (Crowley and Pitteloud, 2017; Han and Bouloux, 2012). However,
fetal hormone exposure in IGD does not diverge from typical trajectories
until after the first trimester (Fig. 1) because placental human chorionic
gonadotropin (hCG) is high throughout the first trimester (Braunstein
and Hershman, 1976) and binds to fetal luteinizing hormone receptors
in the gonads to drive gonadal hormone production in the period before
GnRH neurons normally become active (Choi and Smitz, 2014; Seminara
et al., 1998). Individuals with IGD also do not experience the typical
postnatal ‘mini-puberty,’ the three-to-six month period beginning after
birth in which the hypothalamic-pituitary-gonadal axis operates at
near-adult levels in both sexes (Lanciotti et al., 2018). In addition, in
dividuals with IGD subsequently fail to enter puberty spontaneously,
although they experience normal adrenarche because adrenal androgen
action appears unaffected (Han and Bouloux, 2012). To initiate puberty
in IGD patients, hormone replacement therapy is required via regimens
that are usually maintained across adulthood. Because gonadal hormone
action in the first trimester drives the development of internal and
external reproductive structures, individuals with IGD present as their

2. Method
2.1. Participants
Participants were recruited in two samples. A first set of typically
developing (henceforth “control”) men (n = 233) and women (n = 395)
was recruited though a study of hormones and sex differences in siblings
at Michigan State University (see also Doll et al., 2016; Puts et al., 2010,
2013). Participants were recruited through letters and emails sent to
everyone at Michigan State University for whom at least one other
person at the university shared the same last name and permanent
address. A second set of control men (n = 230) and women (n = 812), as
well as men (n = 65) and women (n = 32) with IGD, were recruited
through a study on puberty and psychosexual development at Pennsyl
vania State University (see also Shirazi et al., 2020a, 2020b, 2019). This
second set of control participants was recruited via advertisements on
social media (e.g., Facebook) and local newspaper and radio, as well as
from the Department of Psychology research participant pool. One set of
participants with IGD (n = 44, 30 male) was referred by the Repro
ductive Endocrine Unit at Massachusetts General Hospital or the Na
tional Institute of Child Health and Human Development Reproductive
Fig. 1. Approximate human chorionic gonado
tropin (hCG; grey shading) and gonadal sex
steroid hormone production in males (top) and
females (middle). In typical males, androgen
production begins at roughly the 8th week of
gestation with the differentiation of the bipo
tential gonad (Negri-Cesi, Colciago et al., 2004;
Pardue and Wizemann, 2001; Siiteri and Wil
son, 1974), persisting until the 24th week
(Forest et al., 1973). In typical females, estro
gen levels progressively increase across gesta
tion, peaking perinatally, though ovarian
activity transiently ceases in the immediate
postpartum period between birth and the onset
of mini-puberty (Lanciotti et al., 2018).
Gonadal hormone production is supported by
LH and FSH as hCG levels wane in typically
developing individuals (bottom). In individuals
with IGD (dotted lines), gonadal hormone pro
duction declines with hCG levels.
Figure adapted from Lanciotti et al. (2018).
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Physiology and Pathophysiology unit (hereafter “IGD-clinical” group).
Diagnosis for IGD-clinical participants was made using the following
criteria: clinical evidence of absent/incomplete puberty by age 18,
hypogonadal sex steroid levels (testosterone below 100 ng/dL in males,
estradiol less than <20 pg/ml in females), low LH and FSH, and no
functional etiology or hypothalamic or pituitary lesions on MRI. Another
sample of participants with IGD was recruited via the web (n = 53, 35
male) through posts on IGD online support groups and forums (hereafter
“IGD-web” group). Diagnosis was self-reported for this group; previous
research shows that self-reported IGD diagnosis in web-recruited par
ticipants has high validity (Dwyer et al., 2021).
Participants were required to be at least 18 years of age, a permanent
resident of the United States, and fluent in English. All procedures were
IRB-approved, and all participants provided informed consent.

attraction) to 6 (exclusive homosexual attraction), with a midpoint of 3
(equal heterosexual and homosexual attraction). A second question
addressed participants’ sexual fantasies on the same scale. Responses to
these questions were strongly correlated (r = 0.66, p < 0.001), and were
averaged to create a sexual orientation composite. To facilitate
combining measures across studies, a sexual orientation variable was
constructed using a question about sexual feelings over last year gath
ered from Pennsylvania State University participants, and the composite
from the Kinsey scale-based questions for Michigan State University
participants; this is henceforth referred to as the Kinsey-derived sexual
orientation score. As with KSOQ composite scores, we created a binary
variable indexing bisexuality using this Kinsey-derived sexual orienta
tion score, again with scores between 2 and 4 (inclusive) coded as
bisexual, and all other scores coded as monosexual. Data on androphilia,
gynephilia, and SDI-2 were not collected for this sample.
All questionnaires and scoring methods relevant to the present an
alyses have been uploaded as supplemental online materials (SOM).

2.2. General procedure
All procedures for control participants were completed in the labo
ratory at private computer workstations. Participants with IGD
completed the same instruments remotely and were instructed to do so
in one sitting. Control participants received either course credit or
monetary compensation (Michigan State University: US$20; Pennsyl
vania State University: US$15) upon completion of the study; partici
pants with IGD received monetary compensation (US$25).

2.4. Data analysis
Analyses comparing control participants to participants with IGD
were conducted for men and women separately. Control participants
were combined across sampling locations when the dependent variable
of interest was available for both samples.
Multiple linear regressions were estimated for continuous variables,
and logistic regressions were estimated for dichotomized variables as
outcomes. We report standardized beta estimates for linear regressions,
and exponentiated log odds estimates, which represent odds ratios (OR),
for logistic regressions. Age was entered as a covariate in all analyses.
Because sibling pairs were recruited in the Michigan State University
sample, all regressions including data from this sample were run as
multilevel models, with individuals nested within sibling groups.
Web-recruited participants may differ from those recruited clini
cally, for example because individuals who belong to support groups
may differ in some characteristics, such as level of need, from those
recruited in a clinical setting (but see Dwyer et al. (2021)). Analyzing
data from both IGD samples thus not only increases reliability and
precision from increased statistical power but also helps ensure that
differences with controls are not due to any idiosyncrasies of a sample
obtained from a specific context and instead reflect true differences
between the populations of individuals with and without IGD. Never
theless, because of such potential differences, as well as in the certainty
of diagnosis (but see Dwyer et al. (2021)), we considered the possible
influence of the source of IGD participant recruitment in all analyses. We
simultaneously tested for effects of diagnosis and effects of IGD group
(clinical vs. web) using orthogonal contrast coding. Each regression
included two contrast terms, with one for diagnosis (both IGD groups
coded as 1, control coded as − 2), and a second for IGD group
(IGD-clinical coded as 1, IGD-web coded as − 1, control coded as 0). In
cases where the p-value for the contrast term for IGD group was < 0.10,
we conducted post-hoc tests comparing IGD-clinical and control
individuals.
All analyses were performed in R, and all script and data files have
been uploaded as ESM.

2.3. Questionnaires
Control participants recruited from Pennsylvania State University
and participants with IGD were administered a shortened version of the
Klein Sexual Orientation Questionnaire (KSOQ; Klein et al., 1985),
which measures sexual feelings and sexual activity at different time
periods. Questions about sexual feelings ranged from 0 (sexual feelings
only towards females) to 6 (sexual feelings only towards males); similarly,
questions about sexual activity ranged from 0 (sexual activity only with
females) to 6 (sexual activity only with males). Participants separately
reported on their retrospective sexual feelings and activity during three
time periods: adolescence, adulthood (defined as after age 18), and the
last year. Items were scored such that for both men and women, higher
scores indicated higher levels of same-sex sexual desire and behavior. A
continuous KSOQ composite was calculated by averaging responses
across the six questions of previous and current sexual desire and ac
tivity, again with higher scores indicating higher levels of same-sex
sexual desire and behavior for both men and women. Cronbach’s α for
this composite was 0.97 in men and 0.94 in women, which likely reflects
the high longitudinal stability of sexual orientation seen in
population-based studies (Mock and Eibach, 2012). We also used the
KSOQ composite to categorize participants as monosexual (i.e., either
homosexual or heterosexual; scores between 0 and 2 or 4 and 6,
exclusive) or bisexual (scores between 2 and 4, inclusive). Participants
also reported how appealing they find the idea of having sex with men
(androphilia) and how appealing they find the idea of having sex with
women (gynephilia) on a 5-point scale from “very sexually exciting” to
“totally disgusting,” reverse-scored so that higher scores corresponded
to greater appeal. The absolute value of the difference between scores on
these two questions was calculated as an index of the strength of par
ticipants’ sexual preferences. Participants reported whether they
considered themselves heterosexual, bisexual, or homosexual. This
self-identification question was also coded into a new variable indexing
whether a participant was bisexual or monosexual. The survey also
included the Sexual Desire Inventory 2 (SDI-2; Spector et al., 1996) as a
measure of solitary and partnered sexual desire, as well as other in
struments not analyzed in the present study.
Control participants recruited at Michigan State University were
administered sexual orientation questionnaires based on the Kinsey
scale (Kinsey et al., 1948). One question addressed participants’ sexual
attraction, with responses ranging from 0 (exclusive heterosexual

3. Results
3.1. Sample characteristics
Sample demographics are displayed in Table 1.
3.2. Women
Androphilia correlated weakly with gynephilia (r = − 0.07,
p = 0.035; Fig. 2a); hence, we prioritize analyses that treat these as
distinct dimensions of sexual attraction (Lippa and Arad, 1997; Zietsch
3
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Table 1
Sample demographics for male (left columns) and female (right columns) typically developing (control), IGD-clinical, and IGD-web participants.
Women

Age (M, SD)
Race/ethnicity (%)
White, non-Hispanic
Asian, non-Hispanic
Black, non-Hispanic
Hispanic
Other
Self-identified sexual orientation (%)
Heterosexual
Bisexual
Homosexual
KSOQ score (M, SD)
Kinsey-derived sexual orientation (M,
SD)
Androphilia (M, SD)
Gynephilia (M, SD)

Men

Control
(n = 1207)

IGD (clinical)
(n = 14)

IGD (web)
(n = 18)

Control
(n = 463)

IGD (clinical)
(n = 30)

IGD (web)
(n = 35)

20.18 (3.98)

34.29 (9.41)

31.39 (6.22)

20.71 (4.45)

41.20 (15.85)

37.46 (13.90)

77%
10%
5%
5.9%
2.1%

71%
7.1%
0%
7.1%
14%

78%
0%
0%
22%
0%

80%
9.7%
4.1%
4.5%
1.3%

83%
10%
0%
3.3%
3.3%

69%
8.6%
0%
17%
5.7%

93%
5.7%
0.9%
0.40 (0.89)
0.37 (0.79)

92%
7.7%
0%
0.38 (0.51)
0.36 (0.37)

69%
31%
0%
1.15 (1.63)
1.37 (1.68)

93%
3.1%
3.6%
0.32 (1.11)
0.25 (0.94)

97%
3.3%
0%
0.27 (0.56)
0.31 (0.71)

77%
23%
0%
0.97 (1.38)
0.94 (1.48)

4.66 (0.66)
2.08 (1.20)

4.08 (1.04)
2.62 (1.19)

3.92 (1.04)
2.38 (1.12)

1.57 (1.06)
4.78 (0.67)

1.53 (0.86)
4.90 (0.31)

2.42 (1.42)
4.63 (0.56)

Fig. 2. Data from typically developing (con
trol), IGD-clinical, and IGD-web participants.
Panels a and d represent best-fit lines (and 95%
confidence intervals) of gynephilia regressed on
androphilia. Panels b and e display distribu
tions, group means, and 95% confidence in
tervals for androphilia, and panels c and f
display this information for gynephilia. Pvalues correspond to those listed in Table 2, p
diagnosis corresponds to comparisons between
control participants and participants with IGD,
and p IGD group corresponds to comparisons be
tween IGD-clinical and IGD-web participants.
Vertical and horizontal jitter were added to
points to aid in data visualization.

and Sidari, 2020). Women with IGD reported lower levels of androphilia
(p < 0.001), but not gynephilia (p = 0.918) (Table 2; Fig. 2b and c). This
decrease in androphilia reduced the difference between attraction to
men and attraction to women in female participants with IGD
(estimate = − 0.77, p = 0.025), manifesting as an increase in bisexu
ality. In logistic regressions, women with IGD tended to more frequently
self-identify as bisexual (vs. monosexual; OR = 7.51 [95% CI = 1.79,
28.61], p = 0.003) and were more likely to be classified as bisexual,
defined using KSOQ composite scores (OR = 7.93 [95% CI = 1.52,
36.30], p = 0.008) and Kinsey-derived sexual orientation scores
(OR = 3.64 [95% CI = 0.76, 13.19], p = 0.066). There were no effects
of IGD group (web vs. clinical) in these analyses (Table 2). All other
differences between IGD and control women in sexual orientation re
flected a tendency for IGD-web, but not IGD-clinical, participants to
report higher levels of same-sex attraction (Table 2, SOM Table 1, SOM
Figs. 1 and 2).
To probe the robustness of our findings, we conducted three addi
tional sets of analyses. First, we tested for differences between IGD
groups, and then combined groups for analyses if no differences were

found (SOM Text 1). Second, we repeated our primary analyses
restricting the sample to participants 23 years and older to eliminate
probable university students and thus minimize demographic differ
ences between participants with IGD and control participants (see
Table 2; SOM Text 2). Finally, we compared control participants to IGD
participants with confirmed diagnosis (IGD-clinical only; SOM Table 2).
Women with IGD were less androphilic across all analyses and exhibited
lower gender preferences and more often identified or were classified as
bisexual across most analyses.
We also tested alternative hypotheses to explain reduced androphilia
in women with IGD. Specifically, we investigated whether this tendency
is attributable to lower overall sexual desire, lower interest in having
children, or increased depression risk, finding little support for these
possibilities (SOM Table 3, SOM Text 3). Namely, observed group dif
ferences in sexual desire and depression symptomatology did not
mediate group differences in androphilia, and we observed no signifi
cant group differences in interest in infants. Finally, because people with
IGD are typically diagnosed only after they do not spontaneously begin
puberty, their pubertal timing is often later than typically developing
4
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from controls but not each other) are most likely to reflect true differ
ences between individuals with and without IGD, and hence to reflect
differences in gonadal hormone production, rather than any idiosyn
crasies of sampling in specific contexts. Consequently, our discussion is
focused on these results.
Women with IGD reported less androphilia than control women, and
hence had weaker gender preferences and were more likely to identify
and be classified as bisexual. Ovarian action from the second trimester to
mini-puberty thus appears instrumental in organizing androphilia in XX
individuals raised as their genetic sex, a marked departure from the
notion that sex differences in sexual orientation are attributable to
testicular androgens (Rosenfield et al., 2018; Wallen and Baum, 2002).
Our results suggest that women with Turner Syndrome may be less
female-typical in sexual orientation (Lew-Starowicz et al., 2003; Money
and Mittenthal, 1953) in part due to reduced perinatal ovarian hormone
action, though roles of androgens and sex chromosome complement
(Arnold and Chen, 2009) are also possible. Likewise, female-typical
sexual orientation in XY women with complete androgen insensitivity
syndrome (CAIS) (Hines et al., 2003) may be due not only to androgen
insensitivity, but also to their higher estrogen levels relative to unaf
fected XY individuals (Hughes and Deeb, 2006). Taken together, this
evidence implies more broadly that the development of some
female-typed behaviors requires estrogenic action (Bakker and Brock,
2010; Cornil and Bakker, 2019; McCarthy, 2020).
We considered several alternative interpretations of our results
among women but found little evidence to support them. Decreased
sexual attraction to males in women with IGD was not attributable to
reduced overall libido, decreased interest in infants that might arise
from fertility issues, or depression risk, which was elevated in women
with IGD. It is also possible that demographic factors such as age or
socioeconomic status play a role. However, there is no compelling evi
dence suggesting a causal relationship between childhood socioeco
nomic status and sexual orientation (Xu et al., 2019b, 2019a), age was
statistically controlled in all analyses, and findings were robust across
alternative analyses, including when college-aged participants were
excluded from analyses. Finally, mutations in at least 30 different in
dividual genes can lead to IGD (Dodé and Hardelin, 2009; Karges and De
Roux, 2005), and diverse pleiotropic effects such as small bony abnor
malities and renal defects have been identified for many of these genes
(Dodé and Hardelin, 2009). It is possible that pleiotropic effects unre
lated to gonadal hormone production contributed to differences in
sexuality observed here; however, the more parsimonious hypothesis is
that these differences are attributable to lack of gonadal hormones due
to GnRH deficiency, as this phenotype is common to all mutations un
derlying IGD.
Levels of gynephilia were comparable across diagnosis groups in
both men and women. In previous research, gynephilia has been linked
to perinatal androgens, with an apparent dose-response relationship that
tracks degree of androgen action (Meyer-Bahlburg et al., 2008;
Motta-Mena and Puts, 2017). Among individuals raised as girls, gyne
philia is found to be lowest in groups with the lowest androgenization
(control and CAIS women), highest in those with highest androgeniza
tion (males whose gender was reassigned at birth due to cloacal exs
trophy or circumcision accident), and intermediate in those with
intermediate levels of androgen action due to congenital adrenal hy
perplasia (CAH), increasing with CAH severity (Meyer-Bahlburg et al.,
2008; Motta-Mena and Puts, 2017). However, it is important to note that
in all these cases, androgen action is consistently low, intermediate, or
high across the windows of prenatal and early postnatal development in
which androgens are elevated in control males. In the case of females
with CAH, excess androgen production begins around 7 weeks of
gestation (Hakim et al., 2017), the approximate onset of testicular
androgen production in control males (Negri-Cesi et al., 2004; Pardue
and Wizemann, 2001; Siiteri and Wilson, 1974). Thus, although these
cases provide convergent and compelling evidence that androgens are
critical to the development of gynephilia, they do not provide

Table 2
Estimates from linear regressions, logistic regressions, and chi-square analyses
(and p-values) comparing typically developing (control) men and women to men
and women with IGD. Bolded values indicate statistical significance at p < 0.05.
Notes: KSOQ = Klein Sexual Orientation Questionnaire; Kinsey SO = Kinsey
sexual orientation; * estimates reflect linear regression beta coefficients; † esti
mates reflect logistic regression odds ratios; # estimates reflect chi-square
values.
Women

Continuous measures *
KSOQ mean
Kinsey SO mean
Androphilia
Gynephilia
Strength of gender
preference
Categorical measures
KSOQ bisexuality†
Kinsey SO
bisexuality†
Self-identified
bisexuality†
Self-identified
sexual orientation#

Men

Control vs.
IGD

Clinical vs.
Web

Control vs.
IGD

Clinical vs.
Web

0.21 (<
0.001)
0.10
(0.018)
-0.19 (<
0.001)
0.01
(0.918)
-0.11
(0.025)

-0.16
(0.001)
-0.09
(0.021)
0.03
(0.559)
0.01
(0.808)
-0.01
(0.779)

0.27
(0.004)
0.23
(0.001)
0.38 (<
0.001)
-0.10
(0.277)
-0.47 (<
0.001)

-0.19
(0.015)
-0.15
(0.014)
-0.24
(0.002)
0.13
(0.107)
0.28 (<
0.001)

7.93
(0.008)
3.64
(0.066)
7.51
(0.003)
8.21
(0.017)

<0.01
(0.988)
<0.01
(0.981)
0.19
(0.168)
0.99
(0.320)

47.89
(0.001)
21.32
(<0.001)
6.86
(0.011)
11.54
(0.003)

0.11
(0.049)
0.22
(0.070)
0.11
(0.049)
3.41
(0.065)

people. As some work has suggested that pubertal timing can modulate
psychosexual phenotypes (Shirazi et al., 2020a), we tested whether age
of HRT initiation predicted any continuous phenotypes that differed as a
function of diagnosis group, finding no significant relationships (all
p > 0.16; SOM Table 4).
3.3. Men
The correlation between androphilia and gynephilia was r = − 0.51
(p < 0.001; see Fig. 2c), again indicating that these are partially distinct
dimensions of sexuality and leading us to prioritize analyses that
consider androphilia and gynephilia separately. There was no effect of
diagnosis group or IGD group on gynephilia (both p > 0.10, Table 2;
Fig. 2f), and the effect of diagnosis group on androphilia was driven by
higher levels of androphilia reported by IGD-web, but not IGD-clinical,
participants (Fig. 2e, SOM Table 1). All other group effects were simi
larly driven by differences between control and IGD-web, but not IGDclinical, participants (see SOM Figs. 1 and 2, SOM Table 1). Men with
IGD were more likely than control men to be classified as bisexual ac
cording to Kinsey-derived sexual orientation scores (Table 2). The dif
ference between IGD groups was nonsignificant (p = 0.070), but
warranted post-hoc testing, which showed that only IGD-web men
differed from control men (SOM Table 1).
These results were consistent across the three sets of robustness an
alyses described for female participants above (SOM Text 1, SOM Text 2,
SOM Table 2).
4. Discussion
We investigated the influence of low gonadal steroids during early
development on adult sexual orientation by comparing typically devel
oping (control) individuals to those with IGD. We considered the
possible influence of the source of IGD participant recruitment (clinical
vs. web) in all analyses, and for several outcomes, the interpretation of
our findings hinges on the homogeneity of the two IGD groups. Results
that are unambiguously related to IGD diagnosis (i.e., IGD groups differ
5
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information about the timing of this influence.
Our results suggest that testicular hormone exposure in the first
trimester may be important for the development of male-typical facets of
sexual orientation. Gynephilia was similarly low in control and IGD fe
males, both of whom experience low androgen action in the first
trimester. It was similarly high in control and IGD males, both of whom
experience high androgen action in the first trimester, even though
testicular androgen production is very low or absent soon afterwards in
IGD males. If gynephilia depended on androgen action in the later
phases of gestation or during mini-puberty, then IGD males would
exhibit lower levels of gynephilia than control males. Some of the neural
substrates linked to facets of sexual orientation, such as the hypothala
mus (Frigerio et al., 2021), begin their development in the first trimester
of gestation (Koutcherov et al., 2002). Although some other structures
linked to sexual orientation, such as the corpus callosum (Witelson et al.,
2008), may develop later (Rakic and Yakovlev, 1968), their develop
mental trajectories are likely to depend upon earlier developmental
events (Andersen, 2003). Thus, it is plausible that men with and without
IGD did not differ in levels of gynephilia because similarities in androgen
action in the first trimester led to similarities in relevant neural struc
tures that began to develop early in gestation and/or developed later
along trajectories influenced by earlier androgen exposure.
Differences between IGD and control men in androphilia, and be
tween control and IGD participants of both sexes on measures placing
androphilia and gynephilia as ends of a continuum, reflected elevated
non-heterosexuality reported by IGD-web, but not IGD-clinical, partic
ipants. Although these differences and the factors mediating them
should be pursued in future research, we are hesitant to interpret them
as effects of gonadal hormone production for the reasons identified
above. It has also been proposed that, at least in women, androphilia and
gynephilia represent partly distinct components of attraction that may
be conflated by single measures of sexual orientation such as the Kinsey
scale (Lippa and Arad, 1997; Zietsch and Sidari, 2020). Our data support
this proposal and speak to the utility of assessing gynephilia and
androphilia independently; androphilia and gynephilia were weakly
negatively correlated in women and moderately correlated in men (see
Fig. 2a and d), and our data further indicate that androphilia and
gynephilia have distinct endocrine influences. It may be that gynephilia
is organized in the brain by levels of androgens in the first trimester, and
that the extent of androphilia in females is modulated by levels of es
trogens in the subsequent perinatal period.
Finally, it is important to note that individuals with IGD were more
similar to control individuals of their genetic sex than they were to
control individuals of the opposite genetic sex. This may reflect simi
larities in gonadal hormone production early in gestation, shared sex
chromosome complement (Arnold and Chen, 2009), or other factors that
obscure or interact with hormonal effects, such as socialization and
social learning (Lytton and Romney, 1991; Mischel, 1966), though ev
idence for psychosocial influences is weak (Bailey et al., 2016). For
example, in a handful of clinical cases, XY individuals with male-typical
prenatal hormone exposure were reassigned to female in infancy due to
cloacal exstrophy or accidental penile ablation during circumcision. In
all seven cases for which sexual orientation could be ascertained in
adulthood, attraction was toward females, despite socialization as girls
(Bailey et al., 2016).

links between early sex hormone exposure and adult phenotypes, and
other, unmeasured factors may contribute to the observed relationships.
For example, it is possible that differences in socialization between
women with and without IGD may contribute to differences in
female-typed aspects of sexual orientation, although this appears un
likely, as most women with IGD are not diagnosed until late adoles
cence, and the evidence for social influences on sexual orientation is
weak, as noted above. Nevertheless, future research could investigate
possible differences in socialization between individuals with and
without IGD. In our view, the most parsimonious interpretation our
results in the context of previous research is that androgen action during
the first trimester is critical in organizing gynephilia, and that estrogen
action after the first trimester is important in organizing androphilia.
However, it is necessary to acknowledge that such hormone-behavior
relationships may be complex. For example, early gonadal hormone
action may influence other neurophysiological systems that themselves
modulate sexual orientation. Additional work in experimental animal
models and further research investigating natural variation in hormone
action in humans may clarify interactions between different endocrine
systems, and between endocrine and non-endocrine systems, that in
fluence human psychosexuality.
5. Conclusion
Women with IGD lacked ovarian hormones from approximately the
second trimester until the initiation of hormone replacement therapy
around the normal time of puberty. Women with IGD reported lower
levels of androphilia compared to control women, whereas men with
IGD did not consistently differ across clinically- and web-recruited
groups from control men in their sexual orientation. Our results sug
gest that ovarian hormones are important in feminizing female-typed
facets of sexual orientation, and that masculinizing organizational ef
fects of androgens on sexual orientation occur prior to the second
trimester of gestation.
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Dodé, C., Hardelin, J.P., 2009. Kallmann syndrome. Eur. J. Hum. Genet. 17 (2), 139–146.
https://doi.org/10.1038/ejhg.2008.206.
Doll, L.M., Cárdenas, R. a, Burriss, R.P., Puts, D.A., 2016. Sexual selection and life
history: earlier recalled puberty predicts men’s phenotypic masculinization. Adapt.
Hum. Behav. Physiol. 2, 134–149. https://doi.org/10.1007/s40750-015-0031-7.
Dwyer, A.A., Zeng, Z., Lee, C.S., 2021. Validating online approaches for rare disease
research using latent class mixture modeling. Orphanet J. Rare Dis. 16 (1), 1–7.
https://doi.org/10.1186/s13023-021-01827-z.
Fernández, R., Guillamon, A., Cortés-Cortés, J., Gómez-Gil, E., Jácome, A., Esteva, I.,
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