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Evolutionary biology provides a unifying theory for testing hypotheses about 
the relationship between hormones and person perception. Person perception 
usually receives attention from the perspective of sexual selection. However, 
because person perception is one trait in a suite regulated by hormones, 
univariate approaches are insufficient. In this Perspectives article, quantitative 
genetics is presented as an important but underutilized framework for testing 
evolutionary hypotheses within this literature. We note tacit assumptions within 
the current literature on psychiatric genetics, which imperil the interpretation of 
findings thus far. As regulators of a diverse manifold of traits, hormones mediate 
tradeoffs among an array of functions. Hormonal pleiotropy also provides the 
basis of correlational selection, a process whereby selection on one trait in a 
hormone-mediated suite generates selection on the others. This architecture 
provides the basis for conflicts between sexual and natural selection within 
hormone-mediated suites. Due to its role in person perception, psychiatric 
disorders, and reproductive physiology, the sex hormone estrogen is highlighted 
as an exemplar here. The implications of this framework for the evolution of 
person perception are discussed. Empirical quantification of selection on traits 
within hormone-mediated suites remains an important gap in this literature with 
great potential to illuminate the fundamental nature of psychiatric disorders.
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1 Introduction

Hormones integrate traits into adaptive suites (McGlothlin and Ketterson, 2008). When 
several traits are regulated by one hormone, their response to evolutionary processes will 
be  linked. Under these circumstances, hormonal mediation may facilitate or restrain 
phenotypic responses to selection, depending on the form of selection and underlying genetic 
architecture. Though hormones have adaptive functions, their actions can also predispose 
individuals to certain conditions, such as cancers and infections (Klein, 2000; Chuffa et al., 
2017). Many psychiatric disorders are also linked with variation in hormone expression 
(Jacobson, 2014; Naughton et al., 2014; Iovino et al., 2018; Gogos et al., 2019). The evolution 
of hormone-mediated traits involves tradeoffs between their beneficial effects (e.g., maintaining 
reproduction) and deleterious effects (e.g., susceptibility to cancer).
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As an example, estrogen regulates reproductive physiology in 
women, but a rapid drop in estrogen following parturition leaves 
women susceptible to depressive episodes (Schiller et al., 2015; Yim 
et al., 2015). Estrogen’s involvement in both phenotypes provides the 
basis for a tradeoff between the two. In the presence of tradeoffs, 
predicting the evolutionary response of traits can be complex and 
requires a rigorous framework for analysis. The direction of selection 
on traits involved must be measured empirically because it may differ 
between traits within the same hormone-mediated suite (McGlothlin 
and Ketterson, 2008).

Prior work also implicates hormones in the modulation of person 
perception (Gangestad and Thornhill, 2008; Romero-Martinez et al., 
2021). As part of hormone-mediated suites, person perception is 
unlikely to evolve independently of other traits regulated by the same 
hormones. In this Perspectives article, we focus on estrogen because 
it directly influences fitness components and is a well-studied 
influence on person perception and psychiatric disorders. 
We  introduce evolutionary quantitative genetics to provide a 
framework for discussion. We  then review known and emerging 
functions of estrogen. Finally, we discuss the evolutionary dynamics 
of sex hormone-mediated suites and implications for the evolution of 
psychiatric disorders and person perception. Our hope is that the 
framework discussed here could similarly be applied to other traits of 
interest to evolutionary psychology as has been accomplished robustly 
in behavioral quantitative genetics (Boake, 1994).

1.1 Quantitative genetics – a framework for 
testing evolutionary hypotheses

Darwin’s theory of evolution by natural selection can be distilled 
to the following syllogism: for a given population, if more offspring 
are produced than survive to reproduce, and if individuals vary in 
their traits (including fitness), and if some of that variation is heritable, 
then that population will evolve (Darwin, 1859). Darwin recognized 
a second mechanism, sexual selection, which hinges on variation in 
the ability to obtain mates (via intrasexual competition or mate 
choice) rather than variation in survival. This theory was formalized 
beginning in the 20th century by Ronald Fisher and Sewell Wright, 
marking the birth of evolutionary quantitative genetics (Lynch and 
Walsh, 1998; Mayr and Provine, 1998). This approach focuses on 
phenotypic variation associated with multiple genetic loci, which is 
the case for most behaviors, psychological traits, and psychiatric 
disorders (Geschwind and Flint, 2015). A deceptively simple set of 
equations may be used to predict how variation in quantitative traits 
is expected to respond to natural or sexual selection. Quantitative 
genetics thus provides an analytically rigorous framework for applying 
evolutionary theory to and empirically testing hypotheses posited by 
evolutionary psychology.

First, phenotypic variance can be  decomposed into multiple 
sources. Twin studies are the most commonly used quantitative 
genetic study design for psychiatric disorders and psychological traits 
(Kendler, 1993; Kendler, 2001; Vukasovic and Bratko, 2015). Modern 
quantitative genetics benefits from pedigree-based studies, including 
the use of the “animal model,” which permits the use of pedigrees that 
are missing measurement of traits in some individuals and allows for 
more precise estimation of variance components (Kruuk, 2004; Kruuk 
and Hadfield, 2007). When combined with adoption studies, common 

environmental effects can be estimated (Lynch and Walsh, 1998). If 
pedigrees are sufficiently large and complex (e.g., contain mothers 
who have offspring from different fathers) or contain repeated 
measurements, other parameters such as maternal effects and 
permanent environmental effects may be  estimated. The basic 
equation describing decomposition of phenotypic variance is given as:

 P G E G E R= + + × +

In this equation, P refers to phenotypic variance, G to genetic 
variance, E to environmental variance, GxE to variance from gene x 
environment effects, and R to residual variance (Falconer and Mackay, 
1996). Genetic variance may arise from additive genetic variation, 
dominance, or epistasis. The proportion of phenotypic variance 
accounted for by genetic variance is called broad-sense heritability. 
Sources of environmental variance include parental effects, common 
environmental effects, or permanent environmental effects. GxE 
effects occur when different genotypes respond to environmental 
change in nonparallel ways. For all psychiatric disorders studied, 
phenotypic variance results from both environmental and genetic 
sources (Sullivan and Geschwind, 2019). Face perception likewise has 
both environmental and heritable sources of variance (Zhu 
et al., 2010).

For predicting the response to selection, two key parameters are 
important: narrow-sense heritability and the strength of selection 
(Lush, 1937; Walsh and Lynch, 2018). Narrow-sense heritability (h2) 
is defined as the proportion of phenotypic variance (P) due to additive 
genetic effects (A) (Falconer and Mackay, 1996; Lynch and 
Walsh, 1998):

 
h A

P
2 =

Of note, narrow-sense heritability describes only part of the 
resemblance between relatives’ phenotypes. Other sources of genetic 
variation will also cause resemblance among relatives. Quantitative 
genetics focuses on narrow-sense heritability, however, because this 
component responds to selection. Common environmental and 
parental effects may also cause resemblance between siblings and can 
inflate estimates of heritability if not measured (Lynch and Walsh, 
1998). Some variance due to epigenetics may be  heritable; recent 
extensions of quantitative genetic models incorporate this (Jablonka 
and Raz, 2009; Franklin et al., 2010; Stopher et al., 2012; Thomson 
et al., 2018). In humans, cultural inheritance is especially important 
and has also recently received attention within quantitative genetics 
(Danchin et al., 2011, 2013). Any trait with non-zero heritability has 
the potential to respond to selection.

When examining suites of traits, however, heritability must 
be extended to account for genetic correlations between those traits. 
The multivariate extension of heritability is defined by a matrix of 
additive genetic variances and covariances among traits called the 
G-matrix. From the G-matrix, one can calculate genetic 
correlations (rG):
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The genetic correlation is simply the Pearson correlation between 
the additive genetic components of two traits (A1 and A2). Recent 
studies suggest genetic correlations among many psychiatric disorders 
(Brainstorm et al., 2018; Grotzinger et al., 2022). Interestingly, another 
recent study suggested that psychiatric disorders are genetically 
correlated most strongly with pulmonary, gastrointestinal, and 
neurological disorders (Athanasiadis et al., 2022). Collectively, these 
studies imply that evolution of traits involved in one psychiatric 
disorder will depend on evolution of traits involved not only in other 
psychiatric disorders, but also in disorders involving organs beyond 
the brain. Similarly, genetic correlations among scores in the 
Minnesota Multiphasic Personality Inventory would suggest that 
personality traits will not evolve entirely independently of each other 
– a pattern of great import for the evolutionary psychology of 
personality (Viken and Rose, 2007).

The second key parameter, the strength of selection, was 
formalized by George Price (Price, 1970, 1972). The “Price Equation” 
defines selection on a phenotype as the covariance between that 
phenotype (P) and fitness (ω):

 ( )cov ,S P= ω

Fitness in evolutionary genetics is defined as differential 
reproductive success—an individual’s lifetime number of pregnancies 
relative to the population mean. The average number of children 
varies widely among human populations (United Nations, 2022). 
Because usually S < 1, variance in relative reproductive success sets the 
maximum potential response of a trait to selection, known as the 
“opportunity for selection” (Crow, 1958). According to Fisher, the 
strength of selection is more accurately defined by the genetic 
correlation between a phenotype and fitness, though this is rarely 
empirically measured (Fisher, 1958). Of note for studies of sexual 
selection, three covariances are important: between a trait and relative 
mating success, between a trait and relative reproductive success, and 
between relative mating success and relative reproductive success 
(Arnold and Wade, 1984). When there is no relationship between 
relative mating success and relative reproductive success, no sexual 
selection can occur. Sexual and natural selection may oppose each 
other in direction.

A few studies have examined fitness consequences of psychiatric 
disorders. Bipolar disorder appears to reduce fecundity, yet may 
be associated with increased fertility at younger ages (Power et al., 
2013; Jacobson, 2016; Grover et  al., 2019; Hope et  al., 2020). 
Compared to women without psychiatric disorders, affected women 
are at risk for several negative fitness outcomes, including recurrent 
miscarriage, sexually transmitted infections, and reproductive cancer 
(Hope et al., 2022). Higher than average anxiety, on the other hand, 
was associated with quadratic (U-shaped) increases in fitness with 
individuals showing lower than average or higher than average 
anxiety having more children (Jacobson and Roche, 2018). For major 
depressive disorder, one study showed affected individuals do not 
have decreased fecundity when compared to their siblings, but 
another showed that affected individuals have lower fecundity 
compared with the general population (Tondo et al., 2011; Power 
et al., 2013). Although the relationship between psychiatric disorders 
and fitness outcomes has been preliminarily examined, the 
association between other psychological traits and fitness outcomes 

warrants further study, as this relationship is key to understanding 
their contemporary evolution.

The “Breeder’s Equation” describes the expected response to 
selection (Lush, 1937):

 R h S= 2

The response to selection for any given trait (R) is that trait’s 
heritability multiplied by the strength of selection. Whenever h2 < 1, 
the effect of selection on a trait is proportionally diminished.

The multivariate extension of the Breeder’s Equation allows for 
estimation of response of a suite of traits to selection (Lande, 1979). 
This equation is especially important for hormone-mediated suites 
of traits:

 
1GP Sz− −∆ =

Here, Δz̄ is the vector of responses in a suite of phenotypes, G is 
the G-matrix, P-1 is the phenotypic variance–covariance matrix for 
the traits, and S is the vector of selection differentials on those traits. 
The pertinent consequence of this equation for hormone-mediated 
suites is that the response of one trait to selection depends on selection 
directly on that trait in addition to selection on every other trait with 
which it is genetically correlated (Lande and Arnold, 1983). When one 
trait responds to selection on another trait with which it is genetically 
correlated, the process is called correlational selection. Within a suite 
of genetically correlated traits, direct selection on each trait may differ 
in strength, form, or direction. The overall direction of change for a 
trait in response to selection, thus, does not only depend on selection 
directly on that trait, but on correlational selection through other 
traits as well (Lande and Arnold, 1983; Arnold, 1992). To our 
knowledge, no studies have used the quantitative genetic framework 
to predict response to selection for psychiatric disorders or other 
psychological traits.

Hormonal pleiotropy is an important source of genetic covariance 
(Wittman et  al., 2021). For traits involved in hormone-mediated 
suites, evolution of each of those traits will potentially be dependent 
on selection acting on multiple others. This may cause the trait of 
interest to respond to selection in ways not predicted by univariate 
models (Arnold, 1992; McGlothlin and Ketterson, 2008).

Some properties of quantitative genetic parameters are largely 
overlooked, but have important implications for evolutionary 
psychology. First, these parameters are properties of populations, not 
individuals. Second, all quantitative genetic parameters are specific to 
the age during which they are measured and can change over the life 
of an organism. Prior empirical work demonstrates that heritability 
and other quantitative genetic parameters can change significantly 
with age (Wilson et  al., 2005). Selection may favor increases in a 
phenotype in young individuals and decreases in that phenotype in 
older individuals (Roff, 1992; Stearns, 1992). Third, these parameters 
are specific to the population in which they are measured. One ought 
not assume that heritability measured in one population will be the 
same as heritability measured in another. Finally, quantitative genetic 
parameters are specific to the generation in which they are measured 
and may change in response to different processes, including selection 
(Athanasiadis et al., 2022). Selection may change strength, form, or 
direction from one generation to the next and in turn alter trait 
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heritability. For these reasons, the adaptive value of a trait in the past 
or future should be distinguished from current selection on that trait. 
This discordance is called “mismatch” (Corbett et  al., 2018). For 
example, the neurobiological systems regulating response to reward 
are not adapted to stimuli from recreational drugs, and those with 
substance use disorders may have lower lifetime reproductive success 
(Nesse and Berridge, 1997; Troisi, 2001; Jacobson, 2016). Other 
examples of quantitative genetic predictions of hypotheses from the 
evolutionary psychology literature are given in Table  1. These 
examples illustrate how quantitative genetics may analytically bridge 
evolutionary theory with evolutionary psychology by allowing for 
empirical tests of hypotheses about how evolutionary processes shape 
variation in psychological traits.

1.2 The estrogen-mediated suite of traits

Sex hormones are privileged with regard to selection because they 
regulate reproductive traits and thus generate strong potential for 
correlational selection among other traits in their suite (McGlothlin 
and Ketterson, 2008). In humans, sex hormones are well-studied for 

their effects on the development of sexual characteristics. Here, 
we  focus on estrogen, but the principles we  elucidate should 
be considered for other sex hormones.

Estrogen signaling, in addition to regulating growth, development, 
and physiology of female reproduction, is crucial for the timing of life 
history transitions (e.g., menarche and menopause), metabolism, 
immune function, adipogenesis, skeletal modeling, cardiovascular 
system functioning, and mood regulation (Dluzen, 2005; Kovats, 
2015). Estrogen may also regulate mate preference (Gangestad and 
Thornhill, 2008; Jünger et al., 2018). Additionally, estrogen is a major 
factor in carcinogenesis, especially in cancers of the breast and female 
reproductive tract (Grady et al., 1995; Clemons and Goss, 2001; Kaaks 
et al., 2002; Rossouw et al., 2002; Yager and Davidson, 2006; Reid et al., 
2017). This network of traits influenced by estrogen provides the 
architecture for correlational selection (Figure 1).

Estrogen signaling accomplishes this diversity of functions by 
acting through several molecular mechanisms, including binding to 
receptors or directly to DNA to alter transcription (Bjornstrom and 
Sjoberg, 2005). Serum estradiol concentration is regulated by sex 
hormone binding globulin (Siiteri et al., 1982; Arathimos et al., 2020). 
Free estradiol may be  important for some phenotypes, such as 
carcinogenesis, while fluctuations in hormone levels are important for 
others, such as menstrual cycles, maintenance and progression of 
pregnancies, and mood regulation (Deroo and Korach, 2006; Burns 
and Korach, 2012; Christensen et al., 2012; Hamilton et al., 2017; 
Gordon et al., 2019). Nuances in the mechanisms by which a suite of 
traits is regulated allow for partial independence in the evolution of 
those traits when rG < 1 (Wagner and Lynch, 2008).

Though some of the functions of estrogen are limited to women, 
estrogen is important in regulating several functions in men as well 
(Kousteni et al., 2001). This scenario is the basis for cross-sex genetic 
correlations (rMF), whereby evolution of trait expression in men will 
be linked to the evolution of those same traits in women. Cross-sex 
genetic correlations have been the target of intensive work in 
evolutionary biology due to the role that this genetic architecture can 
play in sexual selection (Badyaev, 2002). The major consequence of 
rMF is that selection on one sex will generate selection in the other. If 
rMF between the sexes is negative, and selection on the sexes is in 
opposite directions, the evolution of sex differences is expected 
(Lande, 1980). On the other hand, if rMF is positive and selection on 
the sexes is in opposite directions, the evolution of sex differences will 
be constrained. The long-term outcomes of sex differences depend on 
the strength, direction, and consistency of selection and the strength 
and direction of rMF (Badyaev, 2002; Walsh and Lynch, 2018).

Estrogen is implicated in several psychiatric disorders and may 
be partially responsible for observed sex differences. Sex differences 
in risk of depression, for example, emerge in puberty and continue 
throughout life (Kessler, 2003). This risk is mechanistically linked with 
fluctuations in estrogen levels, for example during pregnancy, 
peripartum periods, and menopause (Payne, 2003; Bennett et  al., 
2004; Freeman et  al., 2006; O'Hara and Swain, 2009; O'Hara and 
McCabe, 2013). Estrogen, by regulating mood, is associated with both 
major depressive disorder and bipolar disorder (Halbreich and Kahn, 
2001; Borrow and Cameron, 2014; Frey and Dias, 2014). Cycle-related 
changes in mood symptoms in both these disorders have also been 
reported (Payne et  al., 2007). Estrogen and progesterone jointly 
increase vulnerability for developing anxiety disorders and influence 
the presentation, course, and treatment response of anxiety disorders, 

TABLE 1 Examples of hypotheses from evolutionary psychology and their 
concordant quantitative genetic predictions.

Evolutionary psychology 
hypothesis

Quantitative genetic 
predictions

Trait A is adaptive
Positive covariance between Trait A 

and fitness outcomes

Trait B is deleterious
Negative covariance between Trait B 

and fitness outcomes

Trait C is the result of a historical 

process of strong directional selection
Low heritability of Trait C

Trait D is an adaptation to environment 

E, which is deleterious in environment 

F (“mismatch”)

Positive covariance between Trait D 

and fitness in environment E, but 

negative covariance between Trait D 

and fitness in environment F, e.g., 

Hereford (2009)

Patterns of personality covariance are 

adaptive strategies

Genetic integration among personality 

traits with concordant fitness benefits, 

e.g., Duckworth and Kruuk (2009)

The mind is organized into adaptive 

modules

Pattern of genetic covariance between 

traits within the same posited modules 

and weak or limited genetic covariance 

between traits within different posited 

modules, e.g., Drake and Klingenberg 

(2010)

Emotion G has a specific function, H

Positive covariance between 

performance of the posited function 

and fitness, e.g., Arnold (1983)

Person perception is an adaptation that 

facilitates mate choice

Covariance between person perception 

traits and mate choice AND covariance 

between mate choice and fitness 

outcomes, e.g., Brooks and Endler 

(2001)

Empirical work investigating some of these examples in non-human taxa is provided.
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especially in women (Pigott et al., 2019). In schizophrenia, several 
possible mechanisms also associate estrogen signaling with cognitive 
function (McGregor et al., 2017). Estrogen receptor expression in the 
frontal cortex and hippocampus shows sex differences in major 
depressive disorder, but not in schizophrenia and bipolar disorder 
(Perlman et  al., 2005). Sex differences in susceptibility to 
neurodegenerative diseases may also be related to neuroprotective 
effects of estrogen (Vegeto et al., 2020).

2 Discussion

When an array of phenotypes is regulated by one hormone, 
predicting the response to selection of a single phenotype is difficult 
without large sampling and detailed phenotyping efforts. Within the 
field of hormones and person perception, most efforts have focused 
on relating estrogen function individually to various phenotypes, such 
as mate choice or preference (Feinberg et al., 2006; Garver-Apgar 
et al., 2008; Lukaszewski and Roney, 2009). Large quantitative genetic 
studies within these fields could provide important empirical tests of 
theory, especially considering existing methods to construct pedigrees 
from already collected genetic data (Staples et al., 2014). For clinical 
fields, evolutionary theory can shed light on unresolved fundamental 
questions about the nature of psychiatric disorders (Nesse, 2023).

Hormonal regulation of person perception is a key area for 
understanding how psychiatric disorders evolve due to its role in 
sexual selection. Sex hormones are associated with variation in 
perception of faces, morphology, and emotions (Gangestad and 
Thornhill, 2008; Romero-Martinez et al., 2021). Person perception 
varies between populations and biological sexes, is influenced by 
psychiatric disorders, and changes with reproductive physiology, 
season, and age (Gangestad and Thornhill, 2008; Pawlowski and 
Sorokowski, 2008; Kohler et al., 2010, 2011; Boothroyd and Vukovic, 
2019; Olderbak et  al., 2019). This abundant phenotypic variation 
suggests ample opportunity for evolutionary processes to change the 
distribution of these traits from one generation to the next.

Crucially, hormonal regulation of person perception modifies the 
sensory processes necessary for expressing mating preference and 
choice, but is not equivalent to these. Mating preference and mate 
choice must be  measured empirically, a problem which presents 
unique methodological challenges (Andersson and Simmons, 2006; 
Dougherty, 2020; Clancey et al., 2022). Variation in the perception of 
mates over time (e.g., across the menstrual cycle) allows for changes 
in mate preference, but these changes do not necessarily entail changes 
in mate choice, especially given variation in human mating systems 
(Todd et  al., 2007; Schacht and Kramer, 2019). In turn, changes 
variation in mate choice may or may not be under natural or sexual 
selection depending on the relationship between mate choice and 
fitness (Shuster and Wade, 2003; Walsh and Lynch, 2018). For 
example, in many human societies, marriage is primarily an economic 
transaction involving the influence of an individual’s parents or family 
(Ingoldsby, 2006; Buunk et al., 2009). In these societies, the expression 
of individual preference may be  facilitated or opposed by familial 
influence. The fitness consequences (e.g., frequency of extrapair 
mating) can depend on alignment of individual and familial 
preferences (Scelza, 2011). Quantitative genetics provides a robust 
framework for studying the role of hormonal regulation of person 
perception in sexual selection as well as the evolution of psychiatric 
disorders in the setting of hormone-mediated suites of traits.

More empirical work is needed to clarify several evolutionary 
quantitative genetic questions about hormones and person perception, 
such as quantification of univariate and multivariate heritability of 
hormone-mediated suites. For reasons outlined above, this work must 
include studies of different populations, ages, and generations. Most 
studies of heritability of clinical phenotypes do not examine these 
differences. The unwarranted, tacit assumption is that risky genetic 
loci are stable across these contexts or change on longer timescales 
than are clinically relevant. Given that sex-hormone mediated traits 
undergo large regulatory changes during puberty, these knowledge 
gaps are especially important targets for empirical work. Few studies 
have quantified contemporary selection on hormones and person 
perception or examined mechanisms of selection [though see (Hill 

FIGURE 1

The pleiotropic effects of estrogen. Due to the reproductive effects of estrogen, its correlation with fitness should be quite strong, providing the basis 
for correlational selection on other traits that it regulates. The strength and direction of genetic correlations between traits within this estrogen-
mediated suite partially determines whether the evolutionary response of individual traits is facilitated or constrained. A thorough understanding of the 
function of hormone-regulated traits must include consideration of this underlying genetic architecture.
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et al., 2013)], which means the processes possibly driving changes in 
heritability are almost completely overlooked.

Overall, we have discussed beneficial and adverse consequences 
of sex hormone signaling, highlighting the fact that tradeoffs among 
various functions of hormonal suites are common. This discussion 
emphasizes the importance of caution in drawing conclusions about 
the evolution of psychological traits and psychiatric disorders from 
single phenotype studies. This caveat is especially important for the 
field of hormones and person perception due to the possibility of 
conflicts between sexual and natural selection. Our hope is that future 
work will incorporate evolutionary quantitative genetic approaches to 
studying adaptive hormone-mediated suites of traits.
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