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Several biological mechanisms have been proposed to influence
male sexual orientation, but the extent to which these mecha-
nisms cooccur is unclear. Putative markers of biological processes
are often used to evaluate the biological basis of male sexual
orientation, including fraternal birth order, handedness, and fam-
iliality of same-sex sexual orientation; these biomarkers are proxies
for immunological, endocrine, and genetic mechanisms. Here, we
used latent profile analysis (LPA) to assess whether these biomarkers
cluster within the same individuals or are present in different
subgroups of nonheterosexual men. LPA defined four profiles of
men based on these biomarkers: 1) A subgroup who did not have
these biomarkers, 2) fraternal birth order, 3) handedness, and 4)
familiality. While the majority of both heterosexual and nonheter-
osexual men were grouped in the profile that did not have any
biomarker, the three profiles associated with a biomarker were
composed primarily of nonheterosexual men. We then evaluated
whether these subgroups differed on measures of gender non-
conformity and personality that reliably showmale sexual orientation
differences. The subgroup without biomarkers was the most gender-
conforming whereas the fraternal birth order subgroup was the most
female-typical and agreeable, compared with the other profiles.
Together, these findings suggest there are multiple distinct biodeve-
lopmental pathways influencing same-sex sexual orientation in men.
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Sex differences have been found widely in the human brain
(1–5) and in behavior (6–9), and these differences are thought

to contribute to the sex bias in a myriad of neurological condi-
tions (10–13). Sexual orientation has often been examined as a
model for understanding mechanisms related to sex-differentiated
aspects of brain and behavior (14). In humans, the possible bi-
ological basis of male sexual orientation is often studied via pu-
tative markers of biological processes (i.e., biomarkers), such as
the number of older brothers, handedness, and familiality of same-
sex sexual orientation. These biomarkers relate to immunological,
endocrine, and genetic mechanisms (15, 16). However, few studies
evaluate these developmental markers within the same individ-
uals. Thus, it is unclear to what extent these biomarkers cluster
within the same individuals and/or map onto subgroups of non-
heterosexual men. Clustering of biomarkers could point to an
additive effect of multiple biological events during development.
By contrast, each of the various biomarkers might better map onto
particular subgroups of nonheterosexual men, which would suggest
that multiple distinct biodevelopmental pathways influence same-
sex sexual orientation in men. The present study used latent profile
analysis (LPA) to evaluate whether subgroups of nonheterosexual
men emerged based on three well-established biomarkers associ-
ated with male sexual orientation: Familiality, handedness, and
fraternal birth order. Furthermore, we evaluated whether the sub-
groups defined by LPA differed in terms of gender nonconformity
and personality, which are domains previously associated with
sexual orientation differences in men (17–20). Doing so provided

insight into possible differences in behavioral phenotypes between
nonheterosexual male subgroups, which may indicate how these
markers might differentially affect the development of male- and
female-typical traits.
A well-established biomarker of sexual orientation is fami-

liality of male same-sex sexual orientation. Same-sex sexual ori-
entation clusters in families (21–28), twin studies show greater
sexual orientation concordance among monozygotic than di-
zygotic twins (29–34), and molecular genetic studies have iden-
tified candidate genes associated with sexual orientation (35–37).
As such, genetic mechanisms appear to at least partially influ-
ence male same-sex sexual orientation. The heritability of male
sexual orientation is estimated at ∼0.32 (15), and the associated
genetic factors appear to be inherited from both the maternal
and paternal lines given that gay men, compared with hetero-
sexual men, have more gay male family members in both their
maternal (22–25, 27) and paternal lines (21, 25, 26, 28). Con-
sistent with this familiality research, male sexual orientation has
been associated with genes on the X chromosome and autosomal
chromosomes (23, 38), with the largest studies finding associa-
tions with Xq28 (23, 36, 38), the sonic hedgehog gene on chro-
mosome 7 (35, 37), and the pericentromeric region of chromosome
8 (35–37). These genetic mechanisms are thought to affect sexual
differentiation of the brain and behavior, either through genes
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related to sociosexual behaviors (e.g., Xq28: AVPR2 and CNGA2;
Chromosome 8: NPBWR1) or by interaction with androgenic
mechanisms (e.g., androgen receptor is X-linked) (39).
A second well-studied biomarker of sexual orientation is

handedness. Although the biological underpinnings of hand-
edness are not yet clear, increasing evidence suggests that
handedness is a marker of cerebral lateralization determined
prenatally by genetic, immunological, and endocrine mechanisms
and/or by developmental instability (40–42). The higher preva-
lence of non−right-handedness among men compared with
women suggests that handedness is a developmental biomarker
of brain sexual differentiation (43). A large body of evidence
indicates that non−right-handedness is more common among gay
men than among heterosexual men, suggesting that at least some
proportion of gay men owe their same-sex sexual orientation to
developmental mechanisms underlying handedness (for a review
and metaanalysis, see refs. 44–54, but see refs. 55 and 56). Spe-
cifically, it is estimated that men have 20% greater odds of non−
right-handedness than women (43), and gay men have 34% greater
odds of being non−right-handed than heterosexual men (44).
A third well-established biomarker of sexual orientation is the

fraternal birth order effect (57). Across a diverse range of cultures
and sample types, studies have shown that older brothers increase
the odds of androphilia in later-born males. The maternal immune
hypothesis is the best-developed explanation of the fraternal birth
order effect. It argues that male antigens enter maternal circulation
during the gestation and birthing of male offspring, promoting an
immune response to these male-specific antigens that increases with
each successive male fetus gestated; thus, with each successive
pregnancy with a male fetus, the odds increase that these maternal
antibodies will affect sexual differentiation of the brain and be-
havior, including sexual preferences (58, 59). Supporting a prenatal
mechanism for the fraternal birth order effect is the finding that
birth weight is lower in gay than in heterosexual men with older
brothers (e.g., ref. 60). A recent study by Bogaert et al. (61)
reported direct evidence for the maternal immune hypothesis: In-
creased antibodies against the Y-protein NLGN4Y were found in
mothers of gay men and children assigned male at birth who ex-
perienced gender dysphoria (who are likely to exhibit androphilia as
adults) (62, 63), especially those with older brothers. It is estimated
that 14.8 to 48% of gay men owe their sexual orientation to the
fraternal birth order effect (64, 65).
Although the aforementioned biomarkers of male sexual orien-

tation have been studied rather extensively in isolation, little re-
search has investigated the relationships among them. A few studies
considered both birth order and handedness, finding that the fra-
ternal birth order effect is only related to sexual orientation in right-
handed gay men (i.e., not mixed or left-handed men) (45, 51, 53,
54). These results are consistent with the possibility that differ-
ent male sexual orientation biomarkers delineate distinct bio-
developmental pathways and the existence of subgroups of gay men.
However, whether the familial nature of male sexual orientation
overlaps with fraternal birth order and/or handedness or is associ-
ated with yet another distinct subgroup of gay men remains unclear.
For example, although the fraternal birth order effect and non−
right-handedness appear to apply to subgroups of gay men, non−
right-handedness and familiality of same-sex sexual orientation
might overlap, as both biomarkers are thought to be influenced by
genetic factors (21–24, 26, 40).
In the present study, we used a multivariate LPA approach to

evaluate whether sexual orientation subgroups of men would
emerge based on these well-established biomarkers of sexual
orientation: Handedness, fraternal birth order, and familiality of
nonheterosexual orientation. LPA involves the formation of
profiles (i.e., subgroups) based on patterns of similarities among
individuals on the various indicator variables (66), or, in this
study, the biomarkers; LPA was done irrespective of sexual ori-
entation. Thus, subgroups are defined solely based on their

variance on the biomarkers, allowing us to test whether bio-
markers cooccur within the same individuals vs. are independently
present among distinct subgroups. Once subgroups were defined,
we assessed whether the distribution of heterosexual and non-
heterosexual men differed across these subgroups. We also evalu-
ated the meaningfulness of the defined subgroups on measures of
gender nonconformity and personality—measures on which gay and
heterosexual men typically differ.

Results and Discussion
Latent Profiles, Developmental Biomarkers, and Sexual Orientation.
The LPA indicated that a four-profile model was the best fit for
the data, as decided by the Bootstrap likelihood ratio (BLRT)
(i.e., a significant P value indicated that the four-profile model fit
better than the three-profile model), and the size of the profiles
(i.e., the five-profile model starts to delineate small groups
with <3% of our sample, whereas all profiles in the four-profile
model are near or greater than the predetermined 5% cutoff for
profile size; see SI Appendix, Table S1). Please see Table 1 for
descriptive statistics for each biomarker and for sexual orienta-
tion measures; Table 2 shows the number and percentage of
heterosexual and nonheterosexual men per latent profile.
The four latent profiles differed significantly on all biomarkers:

Handedness,H (3, 826) = 293.85, P < 0.001; fraternal birth order,H
(3, 600) = 276.93, P < 0.001; and familiality, H (3, 334) = 49.56, P <
0.001 (Fig. 1). We also tested whether differences between profiles
on familiality were driven by maternal and/or paternal line relatives;
we found latent profiles differed for both, H (3, 420) = 10.79, P =
0.013 and H (3, 386) = 52.75, P < 0.001, respectively. Each profile
can be succinctly defined based on the biomarkers: Profile 1 did not
display evidence of elevation on any of the biomarkers studied,
profile 2 displayed a high proportion of older brothers, profile 3
displayed elevated non−right-handedness, and profile 4 displayed
elevated gay/bisexual male familiality.
As expected, the distribution of participants based on sexual

orientation was unequal for profile 1 (i.e., the group that did not
display any developmental markers) compared with profiles 2 to
4 (i.e., groups that displayed increases in the developmental
markers typical among gay male samples). Specifically, more
nonheterosexual than heterosexual men were distributed across
profiles 2 to 4, regardless of the way sexual orientation was

Table 1. Descriptive statistics for biomarkers and sexual
orientation (SO) measures: Mean (M), SD, sample size (N), and %
missing data (% missing) based on the full sample size (N = 827)

Variable N M SD % missing

Fraternal birth order 600 0.27 0.21 27.44
Handedness 826 0.18 0.24 0.12
Familiality 334 0.05 0.12 59.61
SO self-identification 580 2.77 1.79 29.75
SO attraction 578 2.78 1.74 30.12
SO behavior 562 2.77 1.81 32.04

Note that possible values for each biomarker (fraternal birth order,
handedness, and familiality) all range from 0 to 1. Higher FBO values
indicate a greater proportion of older brothers, higher handedness values
indicate greater non−right-handedness, and higher familiality values indi-
cate a greater proportion of gay/bisexual male family members. Self-
identification of SO was coded as follows: 0 = heterosexual, 2 = bisexual/
other, and 4 = gay. Attraction and behavior (Likert scale measures of sexual
orientation) range from 0 to 4; participants who reported 0 on these scales
were classified as heterosexual, whereas participants with values 1 to 4 were
grouped together to make the nonheterosexual group. See SI Appendix,
Sexual Orientation for comparisons of participants with values of 1, 2, 3,
and 4. See SI Appendix, Figs. S1 and S2 for frequency distribution of partic-
ipants by sexual orientation responses. Data were found to be missing at
random (for details, see SI Appendix, Missing Data).
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defined [self-identification: χ2(1, 580) = 4.49, P = 0.034; attrac-
tion: χ2(1, 578) = 3.5, P = 0.061; behavior: χ2(1, 562) = 5.66,
P = 0.017].
Together, on the basis of these well-established developmental

biomarkers of male sexual orientation, LPA defined four profiles.
Across these profiles, the distribution of heterosexual vs. non-
heterosexual men was nonrandom, with nonheterosexual men being
more likely than heterosexual men to belong to profiles showing
elevations on the sexual orientation biomarkers. A key finding was
that profiles 2 to 4, which were predominantly composed of non-
heterosexual men, showed unique biomarker profiles in which there
were elevations on one type of biomarker in particular. That said,
some profiles consisted of a small subset of participants (e.g., profile
4, n = 26) and showed only a small nonsignificant difference in the
distribution of heterosexual and nonheterosexual men (Table 2). As
such, testing whether these findings can be replicated in a larger
sample will be important. Nevertheless, the overall pattern pre-
sented here indicates that each biomarker maps onto a subgroup of
same-sex−oriented men, as opposed to clustering within the same
subset of individuals. In terms of developmental implications, these
findings support the hypothesis that there are subgroups of gay men
who might owe their sexual orientation to different biological
mechanisms.
Of note is that a large number of nonheterosexual men were

classified as belonging to profile 1, which showed no elevations
with respect to the biomarkers investigated. There are at least
three possible, non-mutually exclusive explanations for why this
was the case. First, the biomarkers investigated here serve as
proxies for biological mechanisms that are thought to influence
male sexual orientation. Some of the profile 1 nonheterosexual
men might owe their sexual orientation to these mechanisms, but
the proxies are not present or reported. For example, Bogaert
et al. (61) found elevated anti-male antibodies in mothers of gay
men without older brothers, suggesting such mechanisms might
apply to other gay men without older brothers. In the same vein,
a large proportion of participants in profile 1 did not report on
one or more of the biomarkers (SI Appendix, Table S3); thus,
many of these nonheterosexual men may have a biomarker but
may not have reported it. Second, recent literature proposed
mechanisms related to alternate (epi)genetic or maternal im-
mune processes (59, 67–69). These processes and/or some al-
ternate biodevelopmental processes yet to be proposed may
apply to a portion of the profile 1 nonheterosexual men. For
example, profile 1 nonheterosexual men are more right-handed
than the other groups and report a lower proportion of older
brothers than do heterosexual men as well as compared with

those in profiles 2 to 4 (SI Appendix, Subgroups of Nonheterosexual
Men Differ from Heterosexual Men on Developmental Markers);
perhaps mechanisms related to extreme right-handedness and
only children/firstborns influence the development of non-
heterosexual men in profile 1, as previously proposed (49, 68).
Third, psychosocial and cognitive developmental factors have
been proposed and might apply. Although evidence in support of
such factors has been limited (15, 70), one recent study found
that past same-sex behavior was more common among individ-
uals who attended single-sex schools (71). In any case, findings
pertaining to the nonheterosexual men in the other profiles
provide evidence for distinct biodevelopmental pathways influ-
encing same-sex sexual orientation in men.

Table 2. Number and percentage of heterosexual and nonheterosexual men per latent profile

Sexual orientation Profile 1 Profile 2 Profile 3 Profile 4 Total

Measure Group n % n % n % n % n %

Identity Heterosexual 119 73 29 17.8 8 4.9 7 4.3 163 28.1
Nonheterosexual 264 63.3 88 21.1 46 11 19 4.6 417 71.9

Attraction Heterosexual 106 72.6 25 17.1 8 5.5 7 4.8 146 25.3
Nonheterosexual 275 63.7 92 21.3 46 10.6 19 4.4 432 74.7

Behavior Heterosexual 119 73.5 26 16.1 10 6.2 7 4.3 162 28.8
Nonheterosexual 250 62.5 89 22.3 43 10.8 18 4.5 400 71.2

Note that χ2 analyses indicated that the distribution of heterosexual and nonheterosexual men significantly differed
between profile 1 (i.e., no biomarker subgroup) and the combined profiles 2, 3, and 4 (i.e., subgroups with a biomarker);
due to small sample sizes, profiles 2 to 4 were combined for this analysis. Although the distribution is in the predicted
direction for each profile, χ2 analyses with uncombined profiles indicated that the distribution of nonheterosexual men
compared with the distribution of heterosexual men reached statistical significance when comparing profiles 1 and 3 (i.e.,
all other profile comparisons P > 0.05). We also used χ2 to compare the correspondence of the three measures of sexual
orientation and found that all three variables corresponded highly: Self-identification and sexual attraction, χ2(1) = 473.03,
P < 0.001 (ϕ = 0.91), self-identification and sexual behavior, χ2(1) = 485.48, P < 0.001 (ϕ = 0.94), and sexual attraction and
behavior, χ2(1) = 467.17, P < 0.001 (ϕ = 0.92).

Fig. 1. LPA: Four-profile model by developmental biomarkers (means ± SEM).
Profile 1 did not display elevations on any of the biomarkers; this profile con-
tained the majority of the heterosexual and nonheterosexual men. Profile 2
consisted primarily of nonheterosexual men who reported a higher proportion
of older brothers [i.e., fraternal birth order (FBO)]. Profile 3 consisted primarily of
nonheterosexual men who reported large degrees of non−right-handedness.
Profile 4 consisted primarily of nonheterosexual men who displayed high de-
grees of gay/bisexual male familiality. FBO is represented by proportion of older
brothers. Note that handedness scores are a proportion of left-handedness; a
handedness score of zero indicated the use of the right hand for all tasks on the
Edinburgh questionnaire, whereas a score of 1 indicated use of the left hand for
all tasks on the Edinburgh questionnaire. Familiality scores are a proportion of
biological male family members with same-sex sexual orientation in their ma-
ternal and paternal family (i.e., gay or bisexual).
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Importantly, aspects of our data aligned with previously well-
established observations. The fraternal birth order effect has
been estimated to account for sexual orientation in ∼14.8 to 48%
of gay men (64, 65); in the current sample, 14.15% of the non-
heterosexual men belonged to the fraternal birth order profile
(i.e., profile 2). Furthermore, in line with previous reports that 10
to 22% of nonheterosexual men are non−right-handed, the LPA
defined a non−right-handed profile (i.e., profile 3) consisting of
11% of the present study’s nonheterosexual sample. We also
found that the fraternal birth order group (i.e., profile 4) con-
sisted of primarily right-handed participants, in line with the
finding that the fraternal birth order effect only appears to in-
fluence sexual orientation in right-handed men (45). Given the
consistencies between our sample and previously reported large
data sets and metaanalyses, it seems unlikely that our current
findings might in some way be attributable to sample bias or
characteristics unique to our sample.
As proposed by Blanchard et al. (46), the fraternal birth order

effect might exist only among right-handed nonheterosexual men
because the respective mechanisms associated with fraternal birth
order and handedness counteract each other. For example, one
hypothesis underlying non−right-handedness is increased androgen
exposure. The hyperandrogenization associated with non−right-
handedness could perhaps then counteract demasculinization and/
or feminization actions proposed by the maternal immune hy-
pothesis/fraternal birth order effect (57). Alternatively, as proposed
by Blanchard and Lippa (48), the combination of non−right-
handedness and the fraternal birth order effect may be toxic such
that it could predispose individuals to conditions that would make
them less likely to participate in research (i.e., intellectual disability
or severe mental illness) or that end in the termination of a preg-
nancy (i.e., spontaneous abortion). Regardless of the mechanisms
underlying this interaction, the present results reinforce that fra-
ternal birth order and handedness effects associated with male
sexual orientation are nonoverlapping and pertain to distinct sub-
groups of nonheterosexual men.
This study addresses whether familiality of same-sex sexual

orientation is related to the fraternal birth order and/or hand-
edness effects. Familiality defined a distinct subgroup of non-
heterosexual men, but this subgroup also displayed somewhat
increased non−right-handedness compared with profile 1 (i.e.,
the group that showed no evidence of biomarkers). This finding
may be attributed to genetic factors that exert some influence on
handedness and also on sexual orientation. At the same time,
handedness and familiality biomarkers nevertheless defined
separate subgroups of nonheterosexual men, possibly because
handedness is also thought to be influenced by immunological
and endocrine factors.

Of note, one might question whether profiles 3 and 4 non-
heterosexual men were also somewhat affected by the fraternal
birth order effect, as these profiles showed an increase in pro-
portion of older brothers compared with profile 1. However,
profiles 3 and 4 did not differ from the expected population
value (based on a stable population) for proportion of older
brothers (SI Appendix, The Fraternal Birth Order Effect by Latent
Profiles Compared to the Expected Population Mean). Only profile
2, the subgroup defined as the fraternal birth order profile, had a
significantly higher proportion of older brothers compared with
the expected population value.

Gender Nonconformity and Personality Differences across Latent
Profiles. One concern with all mixture models is the possibility
that a mixture will be estimated where none exists (e.g., ref. 72).
Thus, to further ascertain the usefulness of the identified pro-
files, we compared them on gender (non)conformity and per-
sonality measures for which men of varying sexual orientations
typically differ (17–20). Kruskal−Wallis tests revealed significant
differences between latent profiles on gender (non)conformity
and personality measures: The Recalled Childhood Gender
Identity/Gender Role Questionnaire (RCGI) H (3, 549) = 9.4,
P = 0.024; Bem femininity (73), H (3, 571) = 10.77, P = 0.013;
masculine occupational preferences, H (3, 572) = 8.07, P =
0.045; and agreeableness, H (3, 570) = 11.73, P = 0.008 (Table 3
and SI Appendix, Table S10). The gender (non)conformity
measures indicated that the profile that did not display any
biomarkers (i.e., profile 1) was the most gender-conforming,
followed by the familiality subgroup. The fraternal birth order
subgroup (i.e., profile 2) was the most female-typical but did not
show any evidence of decreased adult male typicality, suggesting
that the processes underlying the fraternal birth order effect did
not influence masculinization but rather increased the develop-
ment of female-typical traits. Conversely, the handedness sub-
group (i.e., profile 3) showed evidence of decreased male
typicality but did not differ on adulthood female typicality. On
the Big Five personality traits, profiles only differed on agree-
ableness. Specifically, profile 2, the fraternal birth order sub-
group, scored the highest on agreeableness; this score was
significantly higher than those of profiles 1 and 3. These differ-
ences between profiles remained when removing heterosexual
men from the analyses (SI Appendix, Table S8). No other dif-
ferences between profiles were found on the gender (non)con-
formity or personality measures. Together, these results indicate
that the subgroups delineated by biomarkers in the present study
map onto different behavioral phenotypes, further supporting
that the subgroups defined by LPA are meaningful.

Table 3. Means and SDs for outcome variables by latent profile

Outcome variables Profile 1 Profile 2 Profile 3 Profile 4

Recalled Childhood Gender Identity/Role 3.88 (0.60)*,† 3.78 (0.55)‡ 3.72 (0.57)‡ 3.71 (0.60)
Bem masculinity 48.66 (8.67) 48.56 (8.53) 49.89 (7.35) 50.72 (9.03)
Bem femininity 52.78 (9.15)* 55.19 (8.25)‡,† 50.17 (9.52)* 53.20 (8.91)
Feminine occupational preference 17.87 (6.17)* 19.42 (5.82)‡ 17.81 (6.14) 18.72 (5.37)
Masculine occupational preference 19.55 (7.49)† 19.52 (6.69) 17.08 (7.64)‡,§ 22.40 (7.38)†

Extroversion 6.36 (2.15) 6.43 (2.09) 6.49 (2.22) 6.64 (1.85)
Agreeableness 7.01 (1.70)* 7.46 (1.53)‡,† 6.57 (1.68)* 6.80 (1.93)
Conscientiousness 7.04 (1.69) 7.32 (1.54) 7.23 (1.57) 7.13 (1.80)
Neuroticism 5.76 (2.15) 5.92 (2.08) 5.51 (2.15) 5.16 (2.23)
Openness 7.39 (1.79) 7.32 (1.72) 7.87 (1.73) 7.00 (1.80)

*Significantly different from profile 2, P < 0.05.
†Significantly different from profile 3, P < 0.05.
‡Significantly different from profile 1, P < 0.05.
§Significantly different from profile 4, P < 0.05.
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Conclusions
Using LPA, the present study found evidence to suggest that non-
heterosexual men are heterogeneous with respect to biomarkers of
processes hypothesized to influence male sexual orientation devel-
opment. As such, the biomarkers investigated here appear to each
map onto different subgroups of nonheterosexual men, rather than
cluster within the same individuals. The subgroups defined in this
study appear to be differentially influenced on measures of mascu-
linity and femininity, providing insight into how these markers might
differentially affect the development of typical masculine and femi-
nine traits. Understanding how personality and gender-(non)con-
forming traits are related to developmental biomarkers may provide
insight into the aspects of development (masculinization/demasculin-
ization or feminization/defeminization) related to these biomarkers.
Lastly, this study illustrates the value of an LPA approach to ad-
vancing the understanding of sexual orientation development.

Methods
Participants. A total of 827 participants were included in the analyses. These
participants were recruited via Facebook advertisements between August
and November 2015 and at the June 2015 Toronto Pride Festival. The study
was approved and conducted in accordance with the guidelines of the
University of Toronto’s research ethics board, and informed consent was
obtained from all participants. See SI Appendix for further details.

Measures. Sexual orientation was defined with three measures: Self-
identification, attraction, and behavior. Specifically, participants were asked
whether they identifiedasheterosexual, gay, bisexual, or other (i.e., identity). Self-
identified heterosexuals were classified as heterosexual, and all others were
classified as nonheterosexual. Second, for attraction, participants were asked, “In
the last 12 mo, I have felt sexually attracted to... 0- Only females, never to males”
to “4- only males, never females.” Lastly, for behavior, participants were asked,
“In the last 12 mo, I have had sexual experience with... 0- Only females, never
with males”, to “4- only males, never females.” There was also an option to
indicate they did not have any feelings of attraction or experience sexual be-
havior. No participants indicated lack of sexual attraction; however, 11 partici-
pants indicated they did not have sexual experience in the last year and, thus,
were excluded from analyses involving sexual experience. For statistical com-
parisons between heterosexual and nonheterosexual men, individuals with a
score of 0 were classified as heterosexual and all others were classified as non-
heterosexual (i.e., both for attraction and behavior scores). Thus, statistical
comparisons based on sexual orientation were performed for each of the three
sexual orientation classification methods.

Handedness was assessed using the 10-item Edinburgh inventory. Answers
were provided on a five-point Likert scale: 0-always right to 4-always left.
Responses were summed, and proportion scores were calculated by dividing
each participant’s sum by 40, resulting in scores ranging from 0 (i.e., always
uses the right hand) to 1 (i.e., always uses the left hand). Fraternal birth
order was measured by asking participants whether they had any biological
siblings with whom they shared the same mother (full siblings and/or half-
siblings with the same mother). If they indicated “yes,” they were then
asked how many older brothers, older sisters, younger brothers, and youn-
ger sisters they have with the same mother. Proportion of older brothers
was calculated as in Blanchard (74): (number of older brothers + 0.25)/(total
number of siblings + 1). Proportion of familial gay/bisexual men among
participants’ male relatives was calculated by dividing the number of gay
and bisexual men (uncles and male cousins) reported in the maternal and
paternal line by the total number of biological male family members (uncles
and male cousins) reported in both maternal and paternal lines. All gender

(non)conformity and personality scales are described in the SI Appendix (73,
75–78).

Statistical Analyses. LPAs were conducted using Mplus Version 7.11 (79). LPA
was chosen as our clustering method because it provides various diagnostics
such as the Bayesian information criterion (BIC) statistic, which is useful in
determining number of profiles, whereas other methods do not give such
information (80). Full information maximum likelihood estimation for
missing data was used for the LPA (81), and the randomness of missing
values was evaluated using IBM SPSS version 24 missing values analysis
(Little’s MCAR) with estimation maximization (i.e., EM method) to ensure
there were no systematic relationships between the missing values and any
other values—the data for the biomarkers (i.e., fraternal birth order,
handedness, and familiality) as well as for all of the outcome measures (i.e.,
RCGI scale, Bem masculinity, Bem femininity, feminine occupational pref-
erences, masculine occupational preferences, and the Big Five measures)
were included in this missing values analysis.

Three indicator variables were used to determine latent profiles: Hand-
edness, proportion of older brothers, and proportion of male relatives who
were gay/bisexual. These indicator variables were transformed into z scores
for latent analyses. Model fit was examined for one through five profile
solutions, and, for each model, the BLRT, BIC, and entropy values were ex-
amined (82). A nonsignificant BLRT P value suggests that a model with one
fewer latent profiles is a better model fit (82). Smaller BIC values indicate
that the model fit is better for the data (82). Entropy values range from 0 to
1, with values closer to 1 indicating greater overall accuracy of the classifi-
cation (83). The BLRT and the size of the profiles were the primary indicators
used to identify the best model (i.e., a profile with less than ∼5% of the
sample size is not ideal) (84, 85).

The following analyses were all performed using SPSS version 24. The
Kruskal−Wallis test was the inferential test chosen to compare profiles, due
to unequal sample sizes. Latent profiles were first compared on the de-
velopmental markers (i.e., Handedness, fraternal birth order, and fami-
liality). Due to the small number of self-identified bisexual individuals, and
individuals who identified their attraction/behavior between 1 and 3 on the
Likert scale [i.e., not exclusively heterosexual, some attraction and/or sexual
experience (i.e., behavior) with the same sex], we evaluated whether these
groups differed from exclusively gay men in their distribution across profiles
(SI Appendix). Results indicated that these groups did not differ in their dis-
tribution across profiles, and thus, for all analyses reported here, we compared
nonheterosexual with heterosexual men. The χ2 tests with Yates’s correction
were used to evaluate the distribution of heterosexual and nonheterosexual
participants (based on self-identification, sexual attraction, and sexual behav-
ior) in the profile that displayed the relative absence of the focal develop-
mental biomarkers (i.e., profile 1) compared with profiles that displayed
elevated presence of one or more developmental biomarkers (i.e., profiles 2, 3,
and 4). Kruskal−Wallis tests were also used to compare latent profiles on
outcome variables, including the RCGI, Bem masculinity, Bem femininity,
feminine occupational preferences, masculine occupational preferences, and
the Big Five personality traits. Mann−Whitney U tests were used for post hoc
analyses for significant omnibus effects (alpha set at P < 0.05). The effect sizes
for all latent profile comparisons are reported in SI Appendix, Table S10.
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