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Introduction

Discord between body-sex and gender occurs in two
settings, in healthy homosexuals and in disorders of
sexual development (DSD). In both cases, lesser
consideration was given to biophysiological role of
testosterone on gender discord.

Early in the first trimester of pregnancy, body sex is
determined by a functional SRY gene on the Y-
chromosome [1]. which if present directs foetal
ambisexual genital tubercle to male with testicular
Leydig cells producing testosterone. Testosterone is a
substrate for the enzyme 5a-reductase which converts
5-10% of testosterone to dihydrotestosterone (DHT),
also a potent androgen. Testosterone and DHT act on
numerous targets. For example, masculinization of
external genitalia, prostate and penile growths are
DHT dependent (not testosterone per se). Other
androgenic targets are essentially testosterone
dependent. Testosterone and DHT actions are
mediated (a) by their concentrations (b) binding to
appropriate androgen receptors (AR) with different
binding affinities and (c) two intracellular
biophysiological ~ processes; a  post-translational
pathway ultimately resulting in interaction with
nucleus DNA (genomic) and another pathway directly
involves proteins in the cytoplasm which regulate
signal transduction without interaction with nucleus
DNA (2] (non-genomic). Efficacies of these multiple
molecular testosterone processes must also be timely,
synchronized with concurrent and pertinent
developments such as the brain which are growing
rapidly by ~215,000 neurons per minute’ including
neuroendocrine  brain  region responsible for
postnatal male hypothalamic-pituitary-gonadal axis
(HPG-axis) and gender. The outcome of these
sequential and  highly  coordinated
independent biophysiological actions ultimately
determines testosterone and DHT manifestations at

several
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each target. Development of female body-sex, female
HPG-axis and gender is the default option, occurs
when SRY gene and foetal testicular tissues are absent.
After birth, testosterone concentrations initially
decline in both sexes. However, it starts to rise in male
neonates (not in females) after ~ 2 weeks reaching a
peak at ~3 months of age with testosterone
concentrations comparable to fathers and probably
higher than grandfathers (referred to by some as mini-
puberty with occasional erections). Testosterone levels
decline thereafter to very low levels by 6 months of age
[4-6]. Despite quiescent gonads during childhood in
both sexes, children generally exhibit sexual awareness
of their gender around the age of 3 years and gravitate
towards preferential toys, sports and other activities
associated with their gender. In a longitudinal study
on 81 male neonates, the magnitude of postpartum
testosterone surge at 3 months of age was found to
predict masculine behavior at 4 yrs of age [7].
Puberty is initiated by the activation of HPG-axis and
the secretion of pulsatile gonadotrophin releasing
hormone (GnRH) and feedback by sex-hormones in
both sexes. Many additional hormonal modifiers
modulate HPG-axis e.g., activin (stimulate GnRH),
inhibin (inhibit activin) as well as others e.g,
follistatin, leptin, insulin, ghrelin and kisspeptin [8].
Gender identity at puberty is innate, powerful, driven,
enduring and indelible, enforcing gender orientation
irrespective of the body’s physical attributes even
when dissonant as in homosexuals. All pubertal
manifestations in  healthy homosexuals and
heterosexuals including fertility and fecundity are
similar apart from gender discord.

Animal experiments had limitations because animals
cannot report, as humans can, on their gender.
However, data from eight different DSD entities [9,
10] in males highlighted an etiological role of
testosterone on external genitalia and gender. For

example, severe deficiencies in  testosterone
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production in utero caused by steroidogenic
aberrations affecting foetal testosterone synthesis or
impediments to its biological action in males’ results
in newborn with female external genitalia and female
gender identity e.g., androgen insensitivity syndrome
(androgen receptor mutation), Swyer syndrome (SRY
gene mutation), LH/hCG receptor mutation, 17f-
HSD (type 3) deficiency, 17a-hydroxylase deficiency,
and 20-22 desmolase deficiency [9, 10].

In the female with syndrome of aromatase deficiency
[9-11], the relatively small amount of ovarian
testosterone (a substrate for oestradiol) is blocked. A
5-10% of the accumulated testosterone is converted to
DHT in amounts sufficient to cause virilization of
external genitalia. Yet, explicit impact on gender was
unreported being less visible as dissonance [11].

The prevalence of healthy homosexuals (7 5%) is too
high for the trait to be maintained by random
processes. Data obtained from DSD support a critical
role of testosterone on gender. Two specific examples
further highlight such role; firstly, the clinical course
of events of a Canadian baby (Brian) age 7 months
whose penis was severed from base during a botched
surgery (circumcision). Management advice given by
an eminent US pediatrician was to nurture this
genetically baby boy as a girl. Such advice was
implemented with full corrective surgery to fit future
development of the baby as a girl (Brenda). She was
regularly assessed and her behavior was tomboyish
and troublesome throughout childhood and
rebellious at puberty and thereafter. Brenda refused
to accept her gender as a female, culminating in
eventual suicide [12]. At 7 months of age both
prenatal testosterone and neonatal surge have had
normally occurred, hence the expression of male
gender identity during childhood and adulthood in
this case. Secondly, males with severe 5a-reductase
deficiency are born with female external genitalia due
to the lack of DHT. However, because prenatal and
postnatal testosterone production and actions are not
affected and normal, these “seeming girls” at birth,
the majority acquire male gender orientation/identity
in adulthood [9, 10].

[t may be important to point out that simple elevation
of testosterone and DHT in utero from non-gonadal
source e.g. congenital adrenal hyperplasia (CAH) in
female appears to be confined to virilisation of
external genitalia but without deleterious effect on
HPG-axis in whom fertility rate and fecundity is nearly
normal (in treated patients). Its impact on gender
however remains contentious. For example, a
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descriptive review suggests that non-heterosexual
orientation is more prevalent in CAH patients who
had exhibited severe degree of virilization at birth. Yet
in a recent meta-analysis of 250 adult’s females with
CAH, the majority (T95%) retained female gender
identity, incidence not dissimilar in non-CAH
individuals [13-16].

DSD are clinical entities which highlighted the
biophysiological and pathophysiological impact of
testosterone on HPG-axis, external genitalia and
gender; information which is impossible to attain or
replicate by any other means on humans on moral
and ethical ground [4-6]. Clinically, diagnosis is
simple ~ when  severe. However, partial
deficiencies/aberrations occur in all DSD with lesser
manifestations e.g., milder genital ambiguity or
atypical puberty. Thorough biochemical
investigations and genomic tastings are paramount
prior to sex assighment/re-assignment. Furthermore,
potential  influence and  preponderance  of
testosterone role in utero (retrospectively) and early
neonatal life (prospectively, appropriate in some
cases) and its likely impact on gender in neonates with
ambiguous genitalia are described elsewhere [9, 10].
Finally, in healthy heterosexuals and homosexuals,
there is now a growing sentiment to accept the role of
SRY-gene in determining binary body-sex, but rejects
extending “binaries” concept to gender because
ultimate manifestation of gonadal testosterone
actions involve numerous independent, sequential
and timely coordinated processes. The outcome in
any phenomena involving such multiple and
independent elements is not and can’t be binary;
rather a spectrum/continuum depicted as probability
distribution density (based on the mean (u) and
standard deviation (0) of each independent process).
This provides a calculable and predictable number of
different traits expected in large cohorts fulfilling
central limit theorem. Furthermore, such prediction
is to be expected in cohorts/generation after
generation as shown by the persistent incidences of
healthy heterosexuals and homosexuals in all races,
ethnicity in ancient and modern cultures.
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