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The phenotypic measures used by Ganna ef al. (Research Articles, 30 August 2019, p. 882) lump together
predominantly heterosexual, bisexual, and homosexual individuals, including those who have experimented
with a same-sex partner only once. This may have resulted in misleading associations to personality traits
unrelated to understood categories of human sexuality. Scientific studies of human sexuality should use
validated and reliable measures of sexual behaviors, attractions, and identities that capture the full

spectrum of complexity.

Human sexuality is complex and variable, and despite its
biological and social importance, its underlying
developmental pathways and the sources of individual
differences in sexuality are not well understood. Most
scientists studying human sexuality today recognize the
combined influence of multiple biological, psychological,
and cultural factors in shaping sexual behaviors and
identities. Genetic studies have the potential to contribute
important new information by identifying specific genes
and biological processes that, in combination with the
environment and social dynamics, are involved in sexual
expression.

The recent genetic study of same-sex sexual behavior by
Ganna et al. (I) attracted wide notice on account of its large
sample size and impressive genome-wide mapping coverage.
However, as with all studies of complex traits, the accuracy
of the phenotype is as important as sample size and
genotyping methodology. Ganna et al’s use of a
dichotomous measure of ever/never having engaged in
same-sex sexual behavior lumps together predominantly
heterosexual, bisexual, and homosexual individuals—
including those who experimented with a same-sex partner
only once—into one composite category that is inconsistent
with decades of theoretical and empirical research on sexual
diversity and makes their results difficult to interpret in
terms of current understanding of human sexuality.
Moreover, their suggestion of rejecting standard measures
of sexuality, such as the nearly 70-year-old “Kinsey scale”
(which measures sexual orientation on a continuum) (2), on
the basis of genetic correlations is an inversion of the
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scientific process; it should be sexological research, based
on systematic observation and replication, that drives
genetic and other exploratory mechanistic inquiries, not the
other way around.

The primary phenotype studied by Ganna et al. was a
self-reported measure determined with the single question
“Have you ever had sexual intercourse (vaginal, oral, or
anal) with someone of the same sex?” Individuals who
answered No were classified as “heterosexuals” and those
who answered Yes were classified as “non-heterosexuals.”

This dichotomous measure was chosen by Ganna et al.
for statistical expediency, but its use is highly problematic.
The term “heterosexual” is in and of itself misleading
because heterosexuality is commonly used to refer to an
enduring pattern of attraction (3) and therefore cannot be
assessed by this survey item; it would have been more
accurate to use the terms “never same-sex behavior” and
“ever same-sex behavior.”

A Key deficit of the binary measure is the heterogeneity
of the resulting test group. Figure 1 shows an analysis of
Ganna et al’s data on the 23andMe cohort, for whom
information was collected on sexual attraction, fantasy, and
self-identification as well as sexual behavior. The
distributions of these 7-point Kinsey-like scale measurements
within the “non-heterosexual” test group are strikingly wide,
including all possible categories from Kinsey O (other sex
only) to Kinsey 6 (same-sex only). It is particularly
noteworthy that more than 12% of the members of the
purportedly non-heterosexual group responded that they are
in fact attracted to and fantasize exclusively about
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individuals of the opposite sex and self-identify as
exclusively heterosexual.

A second problem with the binary measure is the
underlying assumption that there is a valid threshold
between “heterosexual” and “non-heterosexual” that can be
discerned by a single question. In support of this idea,
Ganna et al. cite a study by Norris et al. (4) that used
statistical methodology to investigate the latent structure of
sexual orientation; however, even though that work
combined data from three separate scales of sexual
behavior, attraction, and self-identification, the
“homosexual taxon” that was identified actually contained a
high proportion of heterosexually identified individuals, and
the methodology was unsuccessful for females. A similar
study by Gangestad et al. (5) also found an appreciable
overlap of individuals with heterosexual orientation in the
two taxa identified by their statistical methodology.

The use of a lifetime criterion for classification is also a
problematic aspect of the measure, as it is inconsistent with
developmental research on sexual orientation (6). In
particular, it groups together individuals who may have
engaged in some incidental or even one-time same-sex
contact, such as teenagers and emerging adults who engage
in normative experimentation as sexuality develops; this is a
phenotype discrete from sustained adult same-sex
relationships (7).

The final problem is that the binary measure used by
Ganna et al. has not been tested for reliability or validity,
the hallmarks of dependable measuring tools. Indeed, there
has been little if any use of such a blunt measure in the
scientific literature (with the exception of some studies on
sexually transmitted diseases), as it yields little information
on the diversity of human sexuality. For the sake of
comparison, consider a study of alcohol use based on
ever/never having a single drink as the primary measure, or
an analysis of child temperament based on ever/never
having a tantrum.

Ganna et al. detected five loci that appeared to be
associated with the binary measure in the main test
population, three of which were replicated in additional
datasets. However, none of these variants showed
statistically significant elevations in participants with
exclusively same-sex behavior, nor were they significantly
correlated to a variable corresponding to the proportion of
same-sex relative to opposite-sex partners. Thus, despite the
attention paid to these genes as candidates for biological
pathways of same-sex sexuality (e.g., sex hormones and
olfaction), none of them were actually associated with
homosexuality as that word is commonly understood.

One possible explanation for these results is that the
loci identified by Ganna at el. have nothing to do with
understood categories of human sexuality, but rather are
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associated with personality traits that make individuals
more or less likely to seek out novel and varied experiences
that include sexual experimentation. Indeed, their data
show that the binary measure is genetically correlated to
risk behavior and openness to experience, both of which are
known to be significantly heritable (8, 9).

Ganna et al. also used their genetic data to argue that
widely used measures of sexuality, including the Kinsey
scale (2) and the Kline sexual orientation grid (10), “are
based on a misconception of the underlying structure of
sexual orientation and may need to be rethought.” It is
difficult to understand how the authors arrived at this
conclusion given the fundamental understanding that
sexual orientation refers specifically to an enduring pattern
of sexual attraction (3), whereas what they actually
measured was lifetime behavioral occurrence with no clear
indication of motivation. Furthermore, their criticism is
based on a failure to find a genetic correlation between their
atypical binary measure and a continuous variable of
percent same-sex sexual experience, even though this may
simply reflect the fact that the binary measure conflates
categories/identities by including one-time experiences,
behavioral bisexuality, and life-long experience. The
simplest explanation of this discrepancy is that their binary
measure, which is the primary phenotype in the study, has
nothing to do with sexuality but rather with personality
traits such as novelty seeking.

Note that although the Kinsey scale evaluates
individuals’ relative preference to the other sex versus the
same sex on a 7-point continuum, it makes no presumptions
about the structure of the underlying distribution or the
underlying causes of variation; it is simply a measuring
stick, developed from a taxonomic perspective (II).
Moreover, it has been replicated in a wide variety of
populations, and—at least in males—it correlates with
physiological sexual response (12, 13) and neural activity
(14). Clearly, there are many aspects of sexuality that are not
interrogated by this one scale and may require additional
measuring tools or combinatorial scales (15). The Key issue
is whether measures are consistent and comprehensible.

The overly simplistic “ever or never” behavioral
phenotype used by Ganna et al. led to widespread public
confusion about the meaning of their study. Most accounts
of the research, both in the scientific and mass media,
focused on the research’s implications for “gay genes,”
“sources of same-sex attraction,” and “causes of
homosexuality,” even though the study did not in fact
investigate attraction or sexual orientation.

Although all genetic studies of complex traits require
precise and valid phenotypic measures, this is especially
important for sexuality given its social, political, and
personal ramifications. Future investigations on this
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important, complex, and dynamic aspect of human nature
should leverage interdisciplinary research teams and make
use of the methodological knowledge already garnered from
decades of sexology research.

REFERENCES

1. A. Ganna, K. J. H. Verweij, M. G. Nivard, R. Maier, R. Wedow, A. S. Busch, A.
Abdellaoui, S. Guo, J. F. Sathirapongsasuti, 23andMe Research Team, P.
Lichtenstein, S. Lundstrom, N. Langstrom, A. Auton, K. M. Harris, G. W.
Beecham, E. R. Martin, A. R. Sanders, J. R. B. Perry, B. M. Neale, B. P. Zietsch,
Large-scale GWAS reveals insights into the genetic architecture of same-sex
sexual behavior. Science 365, eaat7693 (2019). doi:10.1126/science.aat7693
Medline

2.A.C. Kinsey, W. B. Pomeroy, C. E. Martin, Sexual Behavior in the Human Male
(Saunders, 1948).

3. American Psychological Association, Answers to Your Questions: For a Better
Understanding of Sexual Orientation and Homosexuality (2008);
www.apa.org/topics/Ight/orientation.

4. A. L. Norris, D. K. Marcus, B. A. Green, Homosexuality as a discrete class. Psychol.
Sci. 26, 1843-1853 (2015). doi:10.1177/0956797615598617 Medline

5.S. W. Gangestad, J. M. Bailey, N. G. Martin, Taxometric analyses of sexual
orientation and gender identity. J. Pers. Soc. Psychol. 78, 1109-1121 (2000).
doi:10.1037/0022-3514.78.6.1109 Medline

6. B. Mustanski, L. Kuper, G. J. Greene, Development of sexual orientation and
identity. In APA Handbook of Sexuality and Psychology, D. L. Tolman, L. M.
Diamond, Eds. (American Psychological Association, 2014), pp. 597-628.

7.C. E. Kaestle, Sexual orientation trajectories based on sexual attractions, partners,
and identity: A longitudinal investigation from adolescence through young
adulthood using a US representative sample. J. Sex Res. 56, 811-826 (2019).
doi:10.1080/00224499.2019.1577351 Medline

8.R. J. Strawbridge, J. Ward, B. Cullen, E. M. Tunbridge, S. Hartz, L. Bierut, A.
Horton, M. E. S. Bailey, N. Graham, A. Ferguson, D. M. Lyall, D. Mackay, L. M.
Pidgeon, J. Cavanagh, J. P. Pell, M. O'Donovan, V. Escott-Price, P. J. Harrison, D.
J. Smith, Genome-wide analysis of self-reported risk-taking behaviour and cross-
disorder genetic correlations in the UK Biobank cohort. Transl. Psychiatry 8, 39
(2018). d0i:10.1038/541398-017-0079-1 Medline

9. S. Sanchez-Roige, J. C. Gray, J. MacKillop, C.-H. Chen, A. A. Palmer, The genetics
of human personality. Genes Brain Behav. 17, 12439 (2018).
doi10.1111/gbb 12439 Medline

10. F. Klein, R. U. Reinhardt, The Bisexual Option (Haworth, ed. 2, 1993).

11. D. J. Drucker, The Classification of Sex: Alfred Kinsey and the Organization of
Knowledge (Univ. of Pittsburgh Press, 2014).

12. J. A. Cerny, E. Janssen, Patterns of sexual arousal in homosexual, bisexual, and
heterosexual men. Arch. Sex. Behav. 40, 687-697 (2011). doi:10.1007/s10508-

13.R. C. Savin-Williams, G. Rieger, A. M. Rosenthal, Physiological evidence for a
mostly heterosexual orientation among men. Arch. Sex. Behav. 42, 697-699
(2013). doi:10.1007/510508-013-0093-1 Medline

14.S. Stoléru, V. Fonteille, C. Cornélis, C. Joyal, V. Moulier, Functional neuroimaging
studies of sexual arousal and orgasm in healthy men and women: A review and
meta-analysis. Neurosci. Biobehav. Rev. 36, 1481-1509 (2012).
doi:10.1016/j.neubiorev.2012.03.006 Medline

15.R. L. Sell, Defining and measuring sexual orientation: A review. Arch. Sex. Behav.
26, 643-658 (1997). doi:10.1023/A:1024528427013 Medline

23 November 2019; accepted 9 March 2021
Published online 26 March 2021
10.1126/science.aba2941

Publication date: 26 March 2021 WWw.sciencemag.org

GZ0Z ‘TZ Yoo\l Uo B10°80us 105  MMM//:Sdny LWoJ) pepeojumoq


http://www.sciencemag.org/
http://dx.doi.org/10.1126/science.aat7693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31467194&dopt=Abstract
http://dx.doi.org/10.1177/0956797615598617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26499203&dopt=Abstract
http://dx.doi.org/10.1037/0022-3514.78.6.1109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10870912&dopt=Abstract
http://dx.doi.org/10.1080/00224499.2019.1577351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31030560&dopt=Abstract
http://dx.doi.org/10.1038/s41398-017-0079-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29391395&dopt=Abstract
http://dx.doi.org/10.1111/gbb.12439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29152902&dopt=Abstract
http://dx.doi.org/10.1007/s10508-011-9746-0
http://dx.doi.org/10.1007/s10508-011-9746-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21387117&dopt=Abstract
http://dx.doi.org/10.1007/s10508-013-0093-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23479358&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2012.03.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22465619&dopt=Abstract
http://dx.doi.org/10.1023/A:1024528427013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9415799&dopt=Abstract

£ 4000 @ Sexual attraction
pod @ Sexual fantasy
2 ] @ Sexual identity
g
= 3000 —
©
2
@ J
(%2}
o
B
_12 2000 —
5
=: 7
°
g 1000 —
E
3
2 |
0 —

Kinsey/Klein Score

Fig. 1. Distribution of Kinsey-like scale measurements for the 23andMe “nhon-heterosexual” test
group. Participants rated their Sexual Experience, Sexual Attraction, Sexual Fantasy, and Sexual
Identity on a 7-point Likert scale ranging from “Other sex only” to “Same-sex only"” for the Experience,
Attraction, and Fantasy scales, and ranging from “Heterosexual only” to “Homosexual only” for the
Identity scale. The Sexual Experience question was transformed into a dichotomous variable and used
as the main phenotype, with participants who answered O (other sex only) being considered as
heterosexuals and those who answered 1 (other sex mostly) to 6 (same-sex only) as non-heterosexuals.
Shown are the distributions of scores on the Sexual Identity, Attraction, and Fantasy scales for the
“non-heterosexual” test group used for genetic analysis by Ganna et al. (n = 14,520).
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