Bucak isletme Fakiiltesi Dergisi, 2026, 9(1), Sayfa: 50-64
Journal of Bucak Business Administration Faculty, 2026, 9(1), Page: 50-64

Burdur
Mehmet Akif Ersoy
University Press

Derleme Makalesi

Hormonal Dynamics in Neurofinance: The Roles of
Testosterone (and Estrogen)

Nérofinansta Hormonal Dinamikler: Testosteronun (ve Ostrojenin)
Etkisi

Yusuf POLAT"™

"Dr. Ogr. Uyesi., Aksaray Universitesi, isletme Bolimi, Muhasebe ve Finans Anabilim Dali, Aksaray, Tiirkiye

Abstract: This paper proposes an integrative neurofinancial framework to explain how gonadal hormones - primarily testos-
terone, alongside estrogen — shape economic and financial decision-making. Moving beyond the conventional view of tes-
tosterone as a simple “risk hormone,” the study argues that its primary role lies in facilitating the translation of motivation and
desire into action. Drawing on evidence from neurofinance, behavioral endocrinology, and cognitive neuroscience, the paper
synthesizes findings on how testosterone interacts with dopaminergic, serotonergic, and stress-related systems to modulate
initiative, reward sensitivity, threat processing, and behavioral inhibition. At the neural level, testosterone influences mesocorti-
colimbic valuation circuits while attenuating amygdala—prefrontal connectivity related to threat sensitivity. These mechanisms
help explain behavioral patterns such as elevated trading frequency, overconfidence, escalation dynamics, and speculative
market behavior. Importantly, hormonal effects are shown to be non-linear and context-dependent, varying with cortisol levels,
developmental factors (2D:4D ratio), sex, and social environment. The paper advances a non-deterministic, multi-level frame-
work linking endocrine dynamics to individual and collective financial behavior.
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Ozet: Bu calisma, 6zellikle testosteron ve ikincil olarak dstrojen olmak iizere gonadal hormonlarin ekonomik ve finansal karar
alma sureclerini nasil sekillendirdigini aciklamak amaciyla bittincil bir nérofinans cercevesi sunmaktadir. Testosteronun yalniz-
ca bir “risk hormonu” olarak ele alinmasinin 6tesine gecilerek, bu ¢alismada hormonun temel islevinin motivasyon ve arzunun
davranisa doniismesini kolaylastirmak oldugu ileri strilmektedir. Nérofinans, davranissal endokrinoloji ve bilissel sinirbilim
literatliriine dayanan analiz, testosteronun dopaminerjik, serotonerjik ve stres sistemleriyle etkilesimi yoluyla inisiyatif alma,
odul duyarlilig, tehdit algisi ve davranigsal ketlenme tizerinde etkili oldugunu gostermektedir. Noral diizeyde testosteronun
degerleme ve 6dil beklentisiyle iliskili devreleri gliclendirdigi, buna karsilik tehdit duyarliligiyla iliskili baglantilan zayiflattigi
ortaya konmaktadir. Bu biyolojik yapi; asir 6zgiiven, riskli karar alma ve spekdlatif piyasa davranislari icin tutarli bir aciklama
sunmaktadir. Calisma, hormonal etkilerin dogrusal ve determinist olmadigini; baglama, gelisimsel faktorlere ve sosyal cevreye
duyarli oldugunu vurgulamaktadir.

Anahtar Kelimeler: Nérofinans, Testosteron, Ostrojen, Agresyon, 2D:4D Orani

1. Introduction

an important reference point for interpreting testostero-

Testosterone and estrogen (along with progesterone)
are often labeled as “male” and “female” hormones. Yet
all three gonadal steroid hormones serve important bi-
ological, physiological, and psychological functions in
both men and women (Oliveira & Oliveira, 2014). One
of the central debates in the literature concerns testoste-
rone’s long-standing association—particularly in men—
with competitiveness, aggression, and risk orientation.
These tendencies are closely tied to status-seeking and
competitive behavior. From an evolutionary perspective,
males in many species compete with conspecifics to se-
cure reproductive success, and testosterone is frequently
described as a biological facilitator of such competitive
and risk-oriented behaviors (Herbert, 2020, pp. 52—-56;
Nadler et al., 2021). This evolutionary framing provides

ne’s broader social and behavioral effects.

However, hormonal influences are not confined to repro-
duction or sexual differentiation. They extend to affect
regulation, motivation, initiative, risk evaluation, and
decision-making. Testosterone has been associated with
a greater tendency to discount potential threats and to
act more assertively under uncertainty. Such tendencies
may facilitate engagement in higher-risk behaviors and
competitive environments (Kavaliers et al., 2012; Her-
bert, 2020, pp. 52—56). In contrast, estrogen is more often
described as supporting social bonding, empathy, shared
goal orientation, and emotional regulation (Crespi, 2016;
Smith, 2023). These distinctions, however, are not abso-
lute. Hormonal effects are context-sensitive and shaped
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by individual and environmental variation.

Fluctuations in hormone levels can influence both deci-
sion-making and mood. These effects are dynamic rather
than fixed, interacting with genetic background, age, en-
vironmental stressors, and biological variability (Maggi
et al,, 2007; Celec et al,, 2015). Crucially, hormonal inf-
luences are sensitive to timing, dosage, and situational
context. In the case of testosterone, the relationship with
behavior often follows a non-linear pattern. Both low and
high levels have been linked to distinct psychological and
behavioral outcomes, whereas moderate levels appear
more consistent with adaptive functioning (Derntl et al.,
2014; Stanton et al., 2011). Elevated testosterone has been
associated with more utilitarian choices in low-emotio-
nal-intensity dilemmas, yet this association weakens as
emotional salience increases (Arnocky et al., 2017). The-
se findings suggest that hormonal effects are context-de-
pendent rather than uniformly directional. Testostero-
ne can influence brain function through both genomic
(long-term, receptor-mediated) and non-genomic (acute)
pathways, while estrogen often exerts more regulatory
and stabilizing effects on decision processes (Apicella et
al., 2015). Hormones, therefore, should not be treated as
deterministic drivers but as biological modulators that
adjust existing cognitive—emotional systems.

Importantly, hormonal influences extend beyond ob-
servable behavior. Testosterone and especially estrogen
have been implicated in modulating neuronal plasticity
and cellular resilience in regions central to decision-ma-
king and emotion regulation, including the hippocam-
pus, prefrontal cortex (PFC), and amygdala (Janowsky;,
2006). Estradiol has been linked to synaptic density and
neurotrophic processes, while testosterone may contri-
bute partly through aromatization into estrogen. In this
sense, gonadal hormones do not merely trigger behavi-
oral outputs; they may also shape the neurobiological
substrate upon which decision-making operates. By sup-
porting neural integrity and stress regulation, they can
indirectly influence the consistency and adaptability of
cognitive processes.

Against this background, a growing body of research
suggests that testosterone may influence economic and
financial behavior both directly and indirectly. Contem-
porary neurofinance no longer interprets interindividual
differences solely in terms of biological sex. Instead, it
examines how hormones and neurotransmitters interact
with limbic circuits and higher cortical regions to shape
learning, valuation, and behavioral expression. Testoste-
rone and estrogen occupy a distinctive position in this
framework because they intersect with demographic va-
riation while also engaging core motivational and regu-
latory systems.

This study does not reduce testosterone to a simple “risk
hormone.” Rather, it situates testosterone within a bro-
ader interpretive framework informed by evolutionary
biology. Organisms are organized around survival and
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reproductive continuity. Primary reinforcers such as
food, water, and reproduction are closely tied to dopa-
minergic systems that assign hedonic value and genera-
te motivational pull. Dopamine provides the biological
foundation of desire, reward anticipation, and incentive
salience. However, motivation alone does not guarantee
action. Translating desire into behavior often requires
initiative, tolerance of uncertainty, and willingness to as-
sume risk. At this threshold, testosterone may function
as a context-sensitive modulator that facilitates action
initiation.

This distinction is especially relevant in economic and
financial contexts. Individuals’ mental preferences do
not always translate into actual behavior. People may
endorse risk-taking in abstract terms or express strong
hedonic desires for gain. However, when real capital allo-
cation is required, hesitation often emerges. Loss aversi-
on, risk aversion, and ambiguity sensitivity tend to inten-
sify when monetary consequences become concrete. The
psychological distance between “wanting” and “doing”
becomes visible at this point. Testosterone may matter
precisely at this transition. By relatively attenuating per-
ceived threat and strengthening approach orientation,
it may lower the threshold for converting intention into
economic action.

This framework does not position testosterone as a uni-
lateral cause of financial risk-taking. Instead, it treats it
as a modulator that can shift the balance between moti-
vational drive and inhibitory constraints in a context-de-
pendent manner. The contribution of this study lies in
conceptualizing the gap between economic cognition
and economic behavior as partly embedded in biological
regulation. The framework is offered not as a determinis-
tic claim but as a research agenda. Its propositions requ-
ire empirical testing across laboratory, field, and neuro-
biological settings to clarify the strength, direction, and
boundary conditions of hormonal effects in financial
decision-making.

2. Methodology

The paper is designed as a theoretical literature review
aimed at developing an integrative neurofinancial fra-
mework that explains how gonadal hormones—primarily
testosterone, alongside estrogen—shape economic and
financial decision-making. The goal is not to conduct a
statistical meta-analysis, but to construct a conceptual-
ly coherent synthesis that systematically links endocrine
dynamics to neural mechanisms, cognitive—behavioral
pathways, and observable financial outcomes. Accor-
dingly, the study adopts a structured narrative synthesis
approach that prioritizes analytical integration across
disciplines rather than exhaustive enumeration of all
existing studies.

The literature search was conducted using Web of Scien-
ce, Scopus, PubMed, and Google Scholar. The search
strategy combined endocrine and neurobiological const-
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ructs with terms from behavioral economics and financi-
al decision-making. Hormone-related keywords included
“testosterone,” “estradiol/estrogen,” “gonadal hormones,”
“androgens,” “endocrine modulation,” “hormone admi-
nistration,” “salivary testosterone,” “serum testosterone,”
“prenatal testosterone,” and “2D:4D ratio.” These were
paired with decision- and finance-related terms such as
“financial and economic decision-making,” “risk-see-
king,” “risk-taking, e

” o«

» o«

risk aversion,” “loss aversion,” “am-
biguity,” “overconfidence,” “competition,” “status-see-
king,” “trading behavior,” “trading frequency,” “portfolio
choice,” “volatility preference,” “impulsivity,” “cognitive
reflection,” and “reinforcement learning.” The search co-
vered peer-reviewed literature published between 1979
and 2024 across neuroscience, endocrinology, psycho-

logy, psychiatry, behavioral economics, and finance.

” o« ” o«

» o«

Approximately 200 records were identified across data-
bases. Duplicate entries were removed manually prior to
screening. The review proceeded in two stages. In the first
stage, titles and abstracts were evaluated for thematic re-
levance. In the second stage, full texts were assessed of
methodological clarity and conceptual fit. Inclusion cri-
teria required that studies directly relate gonadal hormo-
nes to cognition, motivation, reward processing, threat
sensitivity, social dominance or competition, risk-related
choice, or financial behavior. Eligible studies employed
empirical, experimental, neuroimaging, behavioral-e-
conomic, hormonal administration, computational, or
theoretically grounded designs. They were also required
to rely on clearly specified hormonal measurement stra-
tegies, such as serum or salivary assays, or validated de-
velopmental proxies including the 2D:4D ratio.

Studies were excluded if they focused solely on basic bi-
ological or endocrine mechanisms without linking them
to cognitive, emotional, or behavioral outcomes. Purely
physiological research, clinical studies centered on the
anatomical or pathological aspects of somatic diseases,
molecular or receptor-level biochemical investigations,
and studies measuring hormone levels without relating
them to decision-making or economic behavior were not
included. Following this multi-stage process, 114 studies
were retained as the core evidentiary base of the review
and are listed in the reference section.

Study selection was guided by methodological rigor,
sample adequacy, conceptual clarity, and theoretical
contribution. Clear distinctions were maintained across
evidence domains, including laboratory-based hormo-
nal-administration studies, behavioral-economic expe-
riments, trader- or field-based financial investigations,
neuroimaging research, and clinical or developmental
endocrine studies. Although the review did not follow a
strict PRISMA protocol, the selection logic was operati-
onalized transparently through documented search pro-
cedures, duplicate removal, staged screening, and expli-
cit inclusion and exclusion criteria.

The retained literature was organized around recurring

neurobiological and decision-making pathways. Core
domains included mesocorticolimbic and striatal reward
mechanisms associated with dopaminergic sensitivity
and approach behavior; serotonergic systems linked to
behavioral inhibition and impulse control; stress mo-
dulation via the HPA axis, with particular emphasis on
the “testosterone x cortisol” interaction; and amygda-
la—prefrontal connectivity relevant to threat processing
and regulatory control. These mechanisms were syste-
matically mapped onto measurable financial outcomes,
including trading frequency, portfolio risk calibration,
volatility preference, escalation following gains or los-
ses, overconfidence, and speculative behavior. Special
emphasis was placed on the non-linear and context-de-
pendent character of hormonal effects. Variables such
as sex, developmental markers (e.g., 2D:4D), competitive
framing, and stress context were treated not as secon-
dary controls but as integral boundary conditions of the
model.

Building on this structured synthesis, the study propo-
ses a multi-level framework in which gonadal hormones
operate as context-sensitive modulators that dynamical-
ly shift the balance between reward pursuit, threat sensi-
tivity, behavioral inhibition, and status motives. The mo-
del does not advance deterministic causal claims. Rather,
it organizes existing findings into testable pathways and
presents a research agenda. The conceptual architectu-
re emerging from this synthesis is illustrated in Figure
1, which appears immediately after this methodological
description.

Gonadal Hormones

Testosterone — Estradiol

Dopaminergic Approach System nergic Inl Bounld.ary
Reward Sensitivity { |- Conditions
; 4 : g | :
G Action Threshold Modulation } || Dol M0
Dopamlnerg|c (Non-Linear / Context Dependent) Serotonergic @ 2D:4D
Approach System Inhibition System s
b X
Reward Sensitivity Threat / Control
@ Competitive
|Er Context
‘ =% 6 Stress

i
Financial Outcomes i |
i

» Trading Frequency o Risk Calibration e Overconfidence | ¢----/
o Trading Frequency e Escalation / Loss Chasing S LELLEEELE L 7

Feedback Hormonal State s

Figure 1. Multi-level neuroendocrine model of financial decision-mak-
ing

Figure 1 presents the proposed multi-level framework
linking gonadal hormones to financial behavior. Tes-
tosterone and related hormones are conceptualized as
context-sensitive modulators operating across endocri-
ne, neural, cognitive-affective, behavioral, and market
levels. Hormonal influences are depicted as non-linear
and shaped by boundary conditions, including cortisol
interaction, sex, developmental markers such as 2D:4D,
and stress context. The model also incorporates bidire-
ctional feedback loops, indicating that market outcomes
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may, through competition and stress exposure, influence
endocrine states in return.

3. The Biology of Testosterone and Est-

rogen
Testosterone occupies a central position among gonadal
hormones due to its broad functional scope and regula-
tory potency. It is an androgenic steroid synthesized from
cholesterol (Eacker et al., 2008) and is often described as
the most biologically decisive androgen within this group
(Hu et al., 2010; Li et al., 2018). In men, it supports sexu-
al development, spermatogenesis, voice deepening of the
voice, and muscle growth (Galansky et al., 2022). In wo-
men, although circulating levels are lower, testosterone
still contributes to sexual desire, vitality, and muscular
strength (Davis & Wahlin-Jacobsen, 2015).

Estrogen, by contrast, is synthesized from androgens th-
rough the action of the aromatase enzyme (Brodie, 1979)
and exists primarily in the forms of estradiol, estrone,
and estriol. It is produced largely in the ovaries and plays
a central role in reproductive regulation and hormonal
balance (Xu et al., 2022). Progesterone, another major
gonadal steroid, rises especially during the luteal phase
and contributes to menstrual regulation, implantation
support, and overall endocrine stabilization (Kolatorova
et al., 2022; Nagy et al., 2021). Importantly, progesterone
can modulate or at times counterbalance estrogenic ef-
fects (MacLean & Hayashi, 2022). This reminds us that
gonadal hormones rarely act in isolation; they operate
within a coordinated and interacting system.

At the biochemical level, testosterone is synthesized pri-
marily in the testes and adrenal glands. In target tissues,
it can be converted into dihydrotestosterone (DHT) or
into estradiol (Eacker et al., 2008; Paduch et al., 2014).
Its production is regulated by the hypothalamic—pitui-
tary—gonadal (HPG) axis: kisspeptin activates gonadot-
ropin-releasing hormone (GnRH) neurons, which in turn
stimulate luteinizing hormone (LH) release and ultima-
tely testosterone synthesis (Corradi et al., 2016; Xie et al.,
2022). This regulatory cascade makes testosterone levels
responsive not only to internal physiological signals but
also to external environmental cues. In financial envi-
ronments marked by competition, stress, and rapid feed-
back, such responsiveness may be particularly relevant,
as hormonal fluctuations can interact with market sig-
nals in non-linear and context-sensitive ways.

Estrogen also exerts direct effects within the central ner-
vous system. Through ER-alpha signaling and PI3K/Akt
pathways, it supports neuronal integrity and synaptic
plasticity. It also modulates connectivity between regi-
ons such as the anterior insula and the basolateral am-
ygdala (Duncan, 2020; Shi et al., 2023). These circuits are
closely linked to emotional regulation, threat processing,
and cognitive control. Accordingly, they are central to
financial decision processes involving loss sensitivity, vo-
latility perception, and behavioral restraint.
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Taken together, testosterone, estrogen, and progesterone
should not be understood as one-directional or determi-
nistic drivers of behavior. Rather, they function as con-
text-sensitive modulators embedded within multilayered
neuroendocrine systems. Their interaction with age, ge-
netic variation, stress exposure, and situational framing
may help explain meaningful interindividual differences
in economic risk-taking, competitive trading behavior,
and portfolio allocation patterns.

4. The Relationship with Other Neurot-

ransmitters

The effects of testosterone on financial decision-making
cannot be interpreted as the isolated action of a single
hormone. They become meaningful only when situated
within an integrated neurochemical system that inclu-
des dopamine, serotonin, and stress-related pathways,
particularly cortisol. In this framework, testosterone is
better understood not as a factor that directly “produces”
risk-taking, but as a context-sensitive modulator that
shifts the balance between motivational drive, behavio-
ral inhibition, and threat sensitivity.

Dopaminergic systems lie at the core of reward antici-
pation, learning, and approach behavior. Findings from
hormone-administration experiments and neuroimaging
studies indicate that testosterone may enhance reward
sensitivity within mesocorticolimbic circuits. In financi-
al settings, this may be reflected in observable outcomes
such as higher trading frequency, greater willingness to
enter competitive markets, or a tendency to increase po-
sitions after gains. Serotonergic regulation, by contrast,
plays a key role in impulse control and tolerance for delay.
The behavioral impact of testosterone therefore depends
in part on existing inhibitory capacity. When serotoner-
gic control is strong, risk-taking may remain calibrated;
when weaker, reward-driven impulses may dominate.
Developmental markers such as the 2D:4D ratio, along
with situational framing, further shape this interaction
and can influence measurable tendencies such as loss
sensitivity and overconfidence. Stress systems add ano-
ther layer to this structure. Cortisol release through the
HPA axis alters threat perception and cognitive control.
The “testosterone x cortisol” pattern is particularly im-
portant in determining whether competitive motivation
translates into disciplined risk-taking or defensive wit-
hdrawal. Evidence from trading environments and labo-
ratory competition paradigms suggests that hormonal
configurations under stress can influence position size,
reaction speed, and persistence following losses.

Thus, these mechanisms point to a multilayered regula-
tory architecture linking endocrine activity to financial
behavior. Testosterone does not mechanically generate
risk. Rather, it adjusts the threshold at which motivation
becomes action. In doing so, it may shape how individu-
als interpret incentives, how much risk they assume, and
how they execute decisions under uncertain market con-
ditions.
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4.1. Testosterone and Dopaminergic Pathways: Motiva-
tion, Reward, and Approach Behavior

The first and most critical pathway concerns testoste-
rone’s close relationship with the dopaminergic system.
Testosterone interacts extensively with dopaminergic
circuits, particularly in mesocorticolimbic and stria-
tal pathways. Through these interactions, it enhances
motivation and reward anticipation, thereby shaping
neurofinancial processes such as risk-taking and reward
prediction. More specifically, testosterone increases do-
paminergic tone in reward-related regions (e.g., nucleus
accumbens), thereby amplifying the subjective valuati-
on of potential gains while simultaneously reducing the
relative salience of potential losses. In practical decisi-
on-making contexts, this neurochemical configuration is
likely to manifest as higher portfolio turnover, stronger
participation in competitive trading environments, and a
measurable tilt toward upside potential relative to down-
side exposure.

The interaction between dopamine and estrogen is also
noteworthy. In women, estrogen modulates dopamine
levels and thereby influences motivational processes and
decision-making behavior (Vermeer et al., 2016). Rather
than merely supporting reward sensitivity, estrogen fi-
ne-tunes dopaminergic signaling, leading to more nuan-
ced adjustments in reward anticipation and control over
impulsive choice. The simultaneous action of testostero-
ne and dopamine may elevate arousal and reward expe-
ctations, increasing the likelihood of risky financial de-
cisions, particularly under conditions of uncertainty or
competitive pressure (Njegovanovi¢, 2018). Importantly,
this effect does not imply indiscriminate risk-seeking;
instead, it reflects a systematic over-weighting of expec-
ted rewards relative to perceived losses. Empirically, such
recalibration should be observable in delayed loss reali-
zation, asymmetric responses to gains versus losses, and
temporary underestimation of downside volatility.

Moreover, testosterone—dopamine interactions influen-
ce both risk-taking and loss-avoidance tendencies (Lan-
chava et al., 2015). This dual effect suggests that testos-
terone does not simply increase risk appetite but alters
the internal calibration of gain-loss asymmetry. From
a neurofinancial perspective, risky investment behavior
may therefore arise not from a stable preference for risk,
but from a transient neurobiological state characterized
by heightened reward expectation and attenuated loss
signaling. In market settings, this state may be reflec-
ted in escalation following gains, increased position size
after positive feedback, or persistence in risky exposure
despite rising volatility.

Within dopaminergic pathways, estradiol plays a par-
ticularly important role. As a potent form of estrogen,
estradiol enhances dopaminergic signaling, especially
via D1 receptors, thereby modulating dopamine functi-
on in women and reshaping risk and reward evaluation
(Kerstetter et al., 2012). Functionally, this enhancement
strengthens reward learning and increases sensitivity to

the timing of outcome, which can translate into more
deliberate intertemporal financial decisions. Hormonal
fluctuations can influence social and economic decisi-
ons, and estradiol’s interaction with dopamine and other
neurotransmitters deepens its role in motivation and de-
cision-making (Uban et al,, 2012). In behavioral terms,
higher estradiol states may be associated with greater
tolerance for delayed rewards and more temporally con-
sistent portfolio allocation patterns.

This dopaminergic link extends beyond risk-taking per
se and influences core parameters of decision architec-
ture such as impulsivity and reward delay. Testosterone—
dopamine interactions tend to increase impulsive choice
by biasing decisions toward immediate rewards, whereas
estrogen-mediated dopaminergic modulation is associa-
ted with greater tolerance for delayed gratification and
improved inhibitory control. Genetic variations in the
D4 dopamine receptor (e.g., the 7-repeat allele) further
amplify these effects by predisposing individuals toward
sensation-seeking and novelty-seeking traits, which in-
teract with hormonal states to shape financial behavior.
Consequently, estrogen, through its stabilizing influence
on dopaminergic signaling, is associated with a greater
tendency to prefer delayed over immediate rewards, le-
ading to more patient and temporally consistent invest-
ment strategies (Vermeer et al., 2016; Smith et al., 2014).

Taken together, testosterone—dopamine interactions
should be understood as context-sensitive modulators of
motivational intensity. They do not mechanically produ-
ce risk-seeking behavior; rather, they adjust the threshold
at which anticipated reward is converted into financial
action. This threshold shift becomes evident in measu-
rable outcomes—trading frequency, post-gain escalation,
exit timing, and volatility exposure—especially in com-
petitive or uncertain market environments.

4.2. Dopamine, Serotonin, and Behavioral Regulation
under Ambiguity

While dopamine primarily supports reward approach,
serotonergic systems often serve a balancing and inhi-
bitory function. The second major axis, therefore, con-
cerns testosterone’s relationship with serotonin. Increa-
ses in testosterone levels are commonly associated with
reductions in serotonin (Cooper, 2019). Functionally, this
inverse relationship weakens behavioral inhibition and
emotional regulation, thereby shifting decision-making
toward approach-oriented and dominance-driven strate-
gies. Because serotonin plays a central role in mood sta-
bilization and anxiety regulation, testosterone-induced
serotonergic suppression may reduce sensitivity to am-
biguity-related stress signals, thereby facilitating more
assertive and less cautious financial behavior. In market
terms, this configuration may be reflected in lower loss
aversion coeflicients, shorter decision latencies, and gre-
ater participation in high-variance or competitive tra-
ding environments.

Serotonin is deeply involved in anxiety modulation,
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whereas testosterone has been linked to more aggressive
forms of risk-taking (Sapienza et al., 2009). In men, hig-
her testosterone levels have been associated with lower
anxiety, suggesting that testosterone dampens anticipa-
tory fear responses that would otherwise constrain risky
choice. Testosterone may also exert anxiolytic effects th-
rough interactions with the endogenous opioid system,
amplifying reward-seeking behavior while attenuating
perceived threat and loss sensitivity (Celec et al., 2015).
In financial contexts, this neurochemical configuration
may translate into reduced sensitivity to downside risk,
quicker entry into positions, and greater persistence in
competitive or high-stakes settings. Such effects, howe-
ver, are unlikely to be linear; moderate reductions in
anxiety may support strategic decisiveness, whereas pro-
nounced suppression may contribute to excessive expo-
sure under ambiguity.

Importantly, serotonin is not merely a background mood
variable. It plays a key role in calibrating risk perception
in the face of ambiguity by regulating emotional respon-
ses to negative feedback. Testosterone-driven compe-
titiveness and risk-taking are therefore modulated by
serotonergic tone, particularly in ambiguous or informa-
tion-poor contexts where probabilities are unclear (Nad-
ler et al., 2021). When serotonergic signaling is strong,
individuals tend to display greater caution, enhanced
error sensitivity, and longer decision horizons. When
serotonergic signaling is suppressed, risk evaluation may
become more myopic and reward-focused. In empirical
terms, this distinction may appear in differences in hol-
ding periods, stop-loss discipline, and responsiveness to
adverse price signals.

Under estrogenic influence, serotonergic systems re-
gulate stress and anxiety responses more effectively,
supporting more adaptive and context-sensitive decisi-
on-making (Restrepo et al., 2024). This interaction of-
fers a plausible mechanism for observed sex-related and
hormonal differences in financial time horizons and
prudence. Profiles characterized by relatively high se-
rotonin and lower testosterone may be associated with
more conservative portfolio allocations, longer planning
horizons, and stronger loss aversion. Conversely, lower
serotonergic regulation combined with higher testoste-
rone may align with shorter-term orientation, attenuated
loss sensitivity, and greater tolerance for volatility (Bar-
zilai, 2023). In this way, testosterone—serotonin interac-
tions provide a neurobiological framework for systematic
variation in risk tolerance, loss aversion, and behavio-
ral responses to ambiguity (Neyse et al., 2020), without
implying that hormonal states deterministically dictate
financial behavior.

4.3. Social Cognition, Overconfidence, and Status Dyna-
mics

Another important dimension of the serotonergic pat-
hway concerns the emotional tone of social-cognitive
judgments such as trust, dominance, and overconfiden-
ce. Testosterone’s effects on confidence and dominance
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are not purely direct; they are mediated through seroto-
nin-related regulation of emotional states and social per-
ception (Dalton & Ghosal, 2018). Under conditions of low
serotonergic activity, testosterone increases the frequen-
cy and intensity of dominant behaviors, including asser-
tiveness, competitive posturing, and reduced sensitivity
to social feedback (Wu et al., 2017). In financial contexts,
this configuration may manifest as inflated self-assessed
competence, weaker updating in response to corrective
information, and greater persistence in personally ini-
tiated strategies. Empirically, such states should be ob-
servable in higher forecast dispersion relative to realized
outcomes, slower belief revision after negative signals,
and stronger conviction in competitive trading environ-
ments.

While serotonin supports emotional regulation, social
caution, and calibrated risk avoidance, testosterone pro-
motes approach orientation and status-driven competi-
tiveness, producing a complex interaction between these
systems (Cueva et al., 2017; Nadler et al., 2018). They do
not operate as simple opposites. Instead, they jointly sha-
pe how social information is interpreted and weighted.
When serotonergic regulation is attenuated, testoste-
rone-driven dominance may evolve into excessive con-
fidence, miscalibrated trust judgments, and intensified
status-seeking. Under competitive or ambiguous market
conditions, this pattern may increase position concent-
ration, leverage use, or resistance to diversification—out-
comes that can be measured in portfolio structure and
turnover dynamics.

One concrete expression of this interaction is the balance
between impulsivity and patience. Testosterone—seroto-
nin dynamics influence risk tolerance by altering emoti-
onal reactivity and executive control. Serotonin supports
cognitive braking and error sensitivity, whereas eleva-
ted testosterone may heighten amygdala reactivity and
strengthen affect-driven responses to gains, losses, and
social comparison (Wu et al., 2018). The resulting shift
may bias decisions toward speed rather than deliberati-
on, increasing responsiveness to salient price movements
or peer performance. In financial data, this could appear
as shorter holding periods, quicker reactions to market
rallies, and greater susceptibility to momentum-driven
trading.

Testosterone also alters the dopamine—serotonin equi-
librium, potentially amplifying reward-driven behavior
when inhibitory control is weakened (Nave et al., 2017).
In contrast, estrogen’s interaction with serotonergic sys-
tems enhances prefrontal modulation of emotion and
behavior, supporting cognitive flexibility, inhibitory
control, and adaptive adjustment to changing environ-
ments (Girard et al., 2017). This regulatory pattern may
be reflected in more stable risk exposure, smoother belief
updating, and reduced performance volatility over time.

Together, these neurobiological interactions shape arou-
sal, mood, and cognitive balance in neurofinancial set-
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tings (Janowsky, 2006). Estrogen’s additional interacti-
ons with dopaminergic and cholinergic systems further
support attention, motivation, and memory processes
in frontal cortical regions, facilitating more stable belief
updating and moderating overconfidence in complex
decision environments (Hampson, 2018). Importantly,
these hormonal influences should be understood as con-
text-sensitive modulators. They do not deterministically
generate overconfidence or dominance. Rather, they ad-
just the threshold at which social comparison, competi-
tive framing, and ambiguous feedback translate into me-
asurable financial behavior.

4.4. Stress Modulation, Social Hormones, and Develop-
mental Sensitivity

Hormone—neurotransmitter interactions cannot be fully
understood without considering stress systems. Testoste-
rone’s behavioral effects are closely tied to cortisol levels
and are most pronounced when cortisol is low (Herbert,
2020, pp. 52-56). Under low-cortisol conditions, testos-
terone enhances reward sensitivity and approach-orien-
ted behavior, while modulating dominance and compe-
titive tendencies through amygdala and orbitofrontal
pathways. In neurofinancial contexts, this configuration
may translate into more assertive risk-taking, quicker ca-
pital deployment, and faster escalation following gains.
Such effects are likely to be observable in larger position
sizes after positive returns and shorter reaction times in
competitive trading settings.

When cortisol levels are elevated, increased prefrontal
control may dampen testosterone’s behavioral influence
by strengthening self-regulation and inhibitory control
(Mehta et al., 2015; Mehta et al., 2017). Testosterone’s
impact on decision-making is therefore state-depen-
dent rather than uniform. The testosterone—cortisol ra-
tio emerges as a meaningful moderator of risk behavior,
increasing risk propensity in men while potentially atte-
nuating it in women (Barel et al.,, 2017). Consistent with
this pattern, testosterone has been linked to increased
risk-taking following losses, suggesting a role in loss-c-
hasing and escalation dynamics (Nofsinger et al., 2018).
In financial terms, this interaction may appear in pro-
longed drawdown exposure, delayed de-risking, or repe-
ated attempts to recover prior losses under competitive
pressure.

In social decision-making, oxytocin and vasopressin int-
roduce an additional regulatory layer to testosterone’s
influence on status-seeking and empathy. Testosterone is
associated with competitive and self-oriented behavior,
whereas oxytocin and serotonin support trust calibrati-
on and emotional regulation (Zak & Fakhar, 2006). Tes-
tosterone may inhibit oxytocin receptor binding, thereby
reducing empathic sensitivity, while estradiol strengt-
hens oxytocinergic and vasopressinergic systems, pro-
moting social bonding and cooperative orientation (Zak
et al.,, 2009; Garcia et al., 2017). In market environments,
this hormonal balance may influence how traders interp-
ret counterparties behavior, calibrate trust, or respond

to reputational cues—factors that can shape negotiation
outcomes and strategic positioning.

Importantly, this multilayered biochemical structure is
shaped not only by momentary hormonal states but also
by developmental conditions. Prenatal exposure to tes-
tosterone and estrogen, commonly indexed by the 2D:4D
digit ratio, reflects relatively stable endocrine conditions
during development and has been associated with long-
term differences in competitiveness, stress reactivity, and
risk preference. As such, the 2D:4D ratio may serve as a
biological marker of persistent heterogeneity in trading
intensity, ambiguity tolerance, and portfolio risk allocati-
on. These developmental influences do not predetermine
financial behavior; rather, they adjust baseline thresholds
through which competitive signals, stress exposure, and
market ambiguity are interpreted and translated into ac-
tion.

5. Aggression

The association between testosterone and anger has
well-documented evolutionary and biological founda-
tions. In competitive settings, victory is often followed
by increases in testosterone, which tend to reinforce do-
minant and assertive behavior. Rising testosterone levels
may intensify anger and increase the probability of agg-
ressive responses (Smith & Apicella, 2017). However, agg-
ression in this context should not be equated with impul-
sive loss of control. Although acute hormonal surges can
sometimes produce poorly regulated outbursts—often
described as “roid rage”—testosterone-related aggression
is frequently strategic and selective (Apicella et al., 2014).
In many cases, it reflects calculated dominance behavior
rather than emotional dysregulation. This distinction is
important, as it suggests that testosterone may recalibra-
te social strategy under competition rather than heighten
reactivity. Such mechanisms extend beyond individual
affect and shape social cognition, intergroup dynamics,
and context-dependent decision processes.

Testosterone is also associated with more self-oriented
decision patterns and increased antagonism toward per-
ceived out-groups. This shift can influence social and
economic behavior by strengthening negative evaluati-
ons of outsiders and escalating competitive tension (Wu
et al.,, 2019). Within financial environments, this confi-
guration may manifest as reduced cooperative orientati-
on, stronger adversarial positioning, and more zero-sum
interpretations of market interaction. Accordingly, tes-
tosterone’s behavioral effects are best understood within
a biopsychosocial framework in which hormonal states
interact with status motives, social hierarchies, and en-
vironmental pressures rather than operating in isolation.

Increased testosterone has further been linked to greater
courage in the face of threat, reduced submissive respon-
ses, and diminished reliance on affective cues during de-
cision-making, favoring more goal-directed and strategic
action (Geniole et al., 2019). In highly competitive and
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dominance-salient contexts, these tendencies are more
likely to translate into aggressive behavior. Among wo-
men, elevated testosterone has similarly been associated
with a greater propensity for high-risk, “hawk-like” de-
cisions (Cook & Crewther, 2019). These findings imply
that testosterone’s role in aggression cannot be reduced
to a simple biological trigger. Instead, it appears to adjust
behavioral thresholds in socially embedded competitive
settings, shaping how threat, opportunity, and status are
interpreted.

Testosterone also reinforces behaviors linked to soci-
al hierarchy and status maintenance. Under certain
endocrine conditions—such as the periovulatory pha-
se—women may display increased competitiveness and
assertiveness, partly through estrogen—testosterone in-
teractions (Stanton, 2017). Importantly, testosterone-dri-
ven aggression does not arise independently of context.
It reflects the operation of a broader hormonal and ps-
ychological system influenced by personality structure,
situational framing, and environmental cues (Carré et
al., 2009). From this perspective, testosterone-related
behaviors are components of an integrated regulatory
system governing emotion, dominance, and social deci-
sion-making.

Within social contexts, testosterone is closely tied to an-
ger and aggression and interacts with serotonergic me-
chanisms that typically regulate these emotional states
(Coenjaerts et al., 2021). Elevated testosterone may re-
duce empathic sensitivity, increase psychopathic traits,
and promote more detached, outcome-oriented decision
styles (Armbruster et al., 2021). When combined—hei-
ghtened aggression, stronger self-interest, and reduced
empathy—these patterns may increase the likelihood of
socially adverse or ethically questionable decisions, par-
ticularly in high-stakes financial environments.

Testosterone also amplifies reward sensitivity through
dopaminergic pathways, strengthening motivation and
approach behavior. Cortisol, by contrast, often counter-
balances these tendencies by enhancing impulse control
and prefrontal regulation (Mehta et al., 2015). This inte-
raction becomes especially relevant in competitive and
high-pressure environments such as financial markets.
Under conditions of low-cortisol and high-testosterone,
elevated dopaminergic activation may lower the thres-
hold for aggressive and risk-intensive positioning. When
cortisol is elevated, inhibitory control may partially rest-
rain such impulses. Thus, aggression and risk-taking in
financial contexts may reflect shifting neurohormonal
balances rather than stable personality traits.

In competitive and male-dominated financial cultures,
behavioral patterns associated with testosterone—such
as heightened competitiveness and risk tolerance—may
be socially amplified. This amplification can contribute
to excessive leverage, aggressive speculation, and poten-
tially higher market volatility. Estrogen, in contrast, is
more likely to moderate these dynamics by supporting
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emotional regulation and social attunement (McDowell,
2010). When testosterone levels are elevated without suf-
ficient regulatory counterbalance, emotional control may
weaken, judgment may become narrower, and behavior
may shift toward overconfident risk-taking or reactive
selling during downturns (Chen et al., 2016). In this way,
testosterone’s influence extends beyond individual affect,
shaping decision patterns that, when aggregated across
individuals, may contribute to broader market instability.

6. Psychopathology

Hormonal dynamics shape not only everyday decisi-
on-making but also vulnerability to more extreme affe-
ctive and behavioral patterns. In a neurofinancial con-
text, however, these influences should not be framed as
deterministic causes of psychiatric disorder. Gonadal
hormones function as context-sensitive modulators.
They recalibrate emotional intensity, impulse regulation,
and reward sensitivity. When these mechanisms move
toward their extremes, they may resemble externalizing
or internalizing profiles, yet this resemblance is functio-
nal rather than clinical.

Elevated testosterone has been associated with greater
impulsivity, stronger dominance orientation, and redu-
ced sensitivity to punishment cues. Experimental and
neurobiological findings suggest that such effects are
partly mediated by increased limbic activation combined
with attenuated prefrontal inhibition. In financial settin-
gs, this configuration may manifest as excessive levera-
ge, loss-chasing, rapid position escalation after gains, or
persistent overconfidence. The parallel with mania-like
states lies not in diagnosis but in mechanism: amplified
reward salience and inflated self-assessment can distort
the evaluation of gains and losses and weaken long-term
strategic control. At moderate levels, increased assertive-
ness may enhance decisiveness and competitive engage-
ment. However, when regulation deteriorates, the same
mechanisms may contribute to volatility and instability.
This non-linear pattern reinforces the view that hormo-
nal influence is threshold-based rather than uniform.

Conversely, lower testosterone levels have been linked
to withdrawal tendencies and depressive symptoms. Th-
rough interactions with serotonergic systems, hormonal
imbalances may alter mood stability and stress respon-
siveness. In financial contexts, this configuration may
appear as heightened loss aversion, premature exit from
volatile positions, or avoidance of otherwise well-calcu-
lated risks. By supporting emotional regulation, social
sensitivity, and cognitive flexibility, it may strengthen
prefrontal control and reduce rigid or catastrophizing in-
terpretations of ambiguity. Neuroimaging and develop-
mental evidence supports the idea that estrogenic modu-
lation can buffer against extreme evaluative bias without
eliminating risk engagement altogether.

Hormonal effects also extend to socio-emotional proces-
sing. Elevated testosterone states have been associated
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with reduced empathy and more outcome-focused de-
cision styles, whereas balanced estrogenic states tend to
support social calibration and cooperative reasoning. In
financial environments, these differences may influence
trust formation, moral restraint under competition, and
sensitivity to reputational consequences. Importantly,
these outcomes should not be treated as fixed personality
traits. They emerge from dynamic hormone—neurotrans-
mitter interactions that fluctuate across context, stress
exposure, and social framing.

Developmental sensitivity further shapes these trajecto-
ries. Prenatal hormonal exposure, often indexed by mar-
kers such as 2D:4D, may predispose individuals toward
particular stress and reward sensitivities. These deve-
lopmental profiles can later interact with adult endoc-
rine states, producing stable yet modifiable patterns in
risk tolerance, escalation behavior, and susceptibility to
cognitive bias. The interaction between developmental
disposition and acute hormonal fluctuation helps expla-
in persistent heterogeneity in financial decision-making
without resorting to essentialist explanations.

From a neurofinance perspective, a central implication
is that hormonal dysregulation recalibrates the balance
between reward-seeking, inhibition, and threat sensi-
tivity. When this balance shifts excessively toward ap-
proach, financial behavior may become aggressive and
overconfident. When it shifts toward avoidance, exces-
sive caution and missed opportunities may result. In this
sense, endocrine dynamics provide a biological layer th-
rough which emotional instability can influence portfo-
lio allocation, trading aggressiveness, and even aggregate
market volatility—without implying that financial actors
are pathologized or biologically predetermined.

7. Prenatal 2D:4D Ratio

The 2D:4D ratio reflects the balance of prenatal exposure
to testosterone and estrogen. This ratio is typically lower
in males, and individuals with a lower 2D:4D ratio tend
to exhibit certain behavioral tendencies that play a signi-
ficant role in decision-making processes, such as those
found in financial markets (Hampson, 2018). These bio-
logical markers are important factors shaping individu-
als’ social and financial behaviors (Chen et al., 2016). The
prenatal 2D:4D ratio refers to the relative lengths of the
second (index) and fourth (ring) fingers:

Figure. 2: The hand on the left is from a subject with a lower 2D:4D ratio, indicating relatively high levels of in utero testosterone exposure. In con-
trast, the hand on the right shows a high 2D:4D ratio Note. Adapted from Garbarino et al. (2011).

Exposure to testosterone during early developmental
stages appears to have lasting effects on social interac-
tion patterns and strategic behavior. This suggests that
testosterone not only influences momentary decisions
but also contributes to stable neurofinancial tendencies
over the life course (Sanchez-Pages & Turiegano, 2010).
Importantly, the role of testosterone in economic deci-
sion-making is shaped not only by prenatal exposure but
also by hormonal fluctuations experienced throughout
adulthood (Pearson & Schipper, 2012). These effects do
not operate in isolation; rather, they interact with genetic
predispositions and environmental conditions, produ-
cing substantial individual differences in behavior (Api-

cella et al., 2008).

Empirical evidence suggests that individuals with a lower
2D:4D ratio tend to perform better on cognitive reflecti-
on tests, an effect that is particularly pronounced among
women (Bosch-Domeénech et al., 2013; Bosch-Doménech
et al,, 2014). Beyond cognitive reflection, this develop-
mental marker is also linked to social cognition and vul-
nerability to certain psychopathological profiles (Crespi,
2016). Prenatal testosterone exposure, as proxied by the
2D:4D ratio, has been robustly associated with spatial
abilities, including mental rotation, shape recognition,
and the ability to manipulate spatial representations
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(Celec et al., 2015). These capacities may support more
calibrated forms of self-confidence, helping individuals
avoid some of the maladaptive consequences of excessi-
ve overconfidence (Dalton & Ghosal, 2018). At the same
time, higher prenatal testosterone exposure is associated
with a greater willingness to engage in competitive, bold,
and riskier decision-making (Branas-Garza & Rustichi-
ni, 2011; Pearson & Schipper, 2012).

Prenatal testosterone exposure also appears to influen-
ce occupational and strategic life choices. In men, lower
2D:4D ratios are associated with higher rates of self-emp-
loyment and entrepreneurial activity, whereas this relati-
onship is weaker and more context-dependent in women
(Nicolaou et al., 2018). The 2D:4D ratio is further linked
to social behavior and empathy. Lower ratios, indicating
higher prenatal testosterone exposure, are associated
with reduced cooperative behavior (Sanchez-Pages &
Turiegano, 2010) and a greater tendency to deviate from
fairness norms (van den Bergh & Dewitte, 2006).

Finally, the 2D:4D marker provides insight into how ear-
ly hormonal exposure shapes consumer and social pre-
ferences later in life. Higher prenatal testosterone levels
are associated with stronger preferences for masculine
products among men, and with systematic shifts in part-
ner-related consumption patterns among women (Stan-
ton, 2017). Taken together, these findings indicate that
prenatal testosterone exposure leaves a durable imprint
on cognition, social behavior, and economic preferences,
contributing to persistent heterogeneity in neurofinanci-
al decision-making.

8. Discussion

Taken together, the empirical and conceptual evidence
reviewed in this study supports a central claim: testoste-
rone should not be conceptualized as a simple “risk hor-
mone,” but as a modulatory factor that shapes how moti-
vation and desire are translated into concrete economic
action. Rather than directly producing risk-taking per
se, testosterone may lower the threshold for initiative,
accelerate action selection, and amplify approach-orien-
ted behavior through its interaction with dopaminergic
wanting systems. In financial settings, this neurobio-
logical configuration is behaviorally expressed in higher
trading frequency, earlier market entry, more frequent
position-taking, and stronger entrepreneurial engage-
ment. At the neural level, these tendencies are suppor-
ted by mesolimbic dopaminergic circuits — including the
ventral tegmental area, nucleus accumbens, and medial
prefrontal cortex — which enhance reward expectancy
and motivational arousal (Tobiansky et al., 2018).

Concurrently, testosterone attenuates functional conne-
ctivity between the amygdala and the orbitofrontal cor-
tex, thereby reducing sensitivity to threat-related cues
and weakening behavioral inhibition mechanisms (He-
any et al., 2018). The joint effect of amplified reward sig-
naling and dampened threat processing systematically
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reshapes risk perception. Uncertainty becomes more to-
lerable, high-variance payofts more attractive, and short-
term gains more salient relative to long-term stability. At
an aggregate level, this configuration offers a parsimoni-
ous account of market-level phenomena such as excessive
risk-taking, overconfidence, escalation following gains or
losses, and speculative dynamics. Importantly, these out-
comes are not framed here as inevitable consequences of
hormonal variation, but as context-dependent expressi-
ons of underlying motivational recalibration.

Beyond limbic circuitry, testosterone also influences
prefrontal valuation dynamics. Evidence indicates that
it alters the functional balance between dorsolateral
and ventromedial prefrontal cortex activity (Nguyen et
al., 2017). Stronger dorsolateral engagement combined
with reduced ventromedial sensitivity may weaken emo-
tion-based inhibitory signals — including guilt, regret,
and anticipatory shame — rendering decisions more cal-
culative and outcome-focused while attenuating respon-
siveness to negative feedback. This shift can reinforce
well-documented cognitive biases such as overconfiden-
ce, selective information processing, underestimation of
randomness, and illusions of control, ultimately steering
financial decision-making toward strategies supported
by inflated self-efficacy (Nofsinger et al., 2018; Neyse et
al., 2016).

Based on these mechanisms, the study develops several
testable propositions for neurofinance. First, increases in
circulating testosterone should predict shorter decision
latency and higher trading turnover, particularly un-
der competitive conditions that activate status motives.
Second, testosterone-related attenuation of amygdala—
prefrontal coupling should be associated with reduced
loss sensitivity and weaker downside risk weighting in
valuation tasks. Third, when regulatory systems are com-
paratively weak, elevated testosterone should correlate
with greater forecast miscalibration and reduced belief
updating following negative outcomes. Fourth, consis-
tent with dual-hormone accounts, testosterone’s behavi-
oral effects should be amplified when cortisol levels are
low and attenuated when cortisol is elevated (Herbert,
2020; Mehta et al.,, 2015). Fifth, developmental markers
such as the 2D:4D ratio may predict baseline competiti-
veness and ambiguity tolerance, whereas acute fluctuati-
ons in testosterone may better explain short-term shifts
in trading aggressiveness (Stanton et al., 2011). Finally,
interactions with estradiol and progesterone are expec-
ted to moderate temporal discounting and risk timing,
especially across menstrual-cycle phases (Cook & Crewt-
her, 2019). These propositions translate neuroendocrine
processes into empirically tractable hypotheses linking
mechanism to measurable financial outcomes.

The effects outlined above are subject to clear boundary
conditions. Testosterone’s influence is neither linear nor
context-independent. It varies as a function of cortisol
levels, sex, developmental factors, and immediate soci-
al cues (Herbert, 2020; Mehta et al., 2015; Stanton et al.,
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2011). Competitive, feedback-rich, and status-salient en-
vironments are especially likely to amplify approach-o-
riented cascades, whereas cooperative or strongly regu-
lated contexts may constrain them. Task structure also
matters: risk and ambiguity, rapid trading and long-ho-
rizon investment decisions, may engage distinct neural
balances. Recognizing these moderating factors prevents
biological reductionism and situates hormonal modulati-
on within a broader biopsychosocial framework.

From an evolutionary perspective, testosterone operates
as a regulator of competition and status-seeking shaped
by selection pressures favoring dominance and relati-
ve performance. In modern financial markets, this may
manifest as intensified social comparison, preference for
reputationally salient positions, and emphasis on outper-
forming peers rather than maximizing absolute utility
(Vermeer et al., 2020). Decision-making thus becomes
comparatively framed and dominance-oriented, particu-
larly in homogeneous professional environments where
“winner effects” can accumulate. At the market level,
such dynamics suggest that hormonally reinforced biases
— notably overconfidence and elevated risk-taking — may
interact to increase volatility and systemic fragility (Co-
ates & Herbert, 2008; McDowell, 2010). Institutional ar-
rangements that dilute winner effects, enhance diversity
in decision-making teams, and implement procedural
safeguards such as pre-commitment rules, stop-loss me-
chanisms, and independent risk oversight may therefo-
re serve as practical counterweights to approach-driven
amplification cycles.

Although the analysis is grounded primarily in contem-
porary neurobiological evidence, psychoanalytic concep-
ts offer complementary interpretive depth. While diffi-
cult to operationalize directly, they provide a vocabulary
for articulating motivational conflict, unconscious desi-
re, and affective investment in status and gain. Such pers-
pectives do not replace neural explanations; rather, they
illuminate dimensions of meaning, identity, and symbo-
lic competition that may intensify or channel hormonal-
ly modulated drives within financial contexts.

Sex differences in aggregate economic behavior should
likewise be understood through interacting hormonal
environments rather than essentialized categories. Pat-
terns emerge from dynamic interactions among testos-
terone, estradiol, and progesterone, combined with de-
velopmental sensitivity and socio-cultural amplification
processes (Cook & Crewther, 2019; Njegovanovic¢, 2018).
This interactionist account preserves the explanatory re-
levance of endocrine modulation while avoiding deter-
ministic interpretations.

Clinical considerations further underscore that hormo-
nal dysregulation can, at behavioral extremes, resemble
patterns characteristic of externalizing or internalizing
conditions. Elevated approach sensitivity combined with
attenuated inhibitory control may contribute to loss-cha-
sing, excessive leverage, or impulsive escalation; conver-

sely, heightened threat sensitivity may foster premature
exit or excessive risk aversion. These parallels are functi-
onal rather than diagnostic. They highlight how regula-
tory imbalances at the neuroendocrine level can distort
gain—loss evaluation and strategic control in financial
settings, suggesting value in integrative assessment stra-
tegies that combine endocrinological indicators, behavi-
oral testing, and psychological evaluation (Restrepo et
al., 2024; Maggi et al., 2007).

Finally, this synthesis identifies priorities for future re-
search. Strong causal inference will require randomi-
zed hormone-administration paradigms combined with
incentive-compatible economic tasks, while ecological
validity demands field studies in real financial environ-
ments. Multi-modal designs integrating repeated hor-
mone sampling, task-based fMRI targeting valuation and
control networks, and behavioral-economic measures of
risk, trust, and social preference are essential (Apicella
et al., 2015; Hampson, 2018). Given the state-dependent
and potentially non-linear effects of gonadal steroids,
high-frequency longitudinal data — including menstru-
al-cycle tracking — are particularly valuable for distingu-
ishing stable traits from situational fluctuations (Stanton
et al., 2011; Cook & Crewther, 2019). Pairing laboratory
manipulations of competition or social evaluation with
field-based replication will help clarify effect sizes and
boundary conditions (Coates & Herbert, 2008; Nadler et
al., 2018).

In sum, integrating evolutionary theory with contempo-
rary neurobiology yields a balanced and non-determi-
nistic framework for understanding how endocrine mo-
dulation recalibrates motivation, valuation, and control
in economic life. Testosterone does not compel risk; it
shifts the motivational architecture within which finan-
cial choices are made. Whether this shift culminates in
innovation, excess, stability, or instability depends on the
regulatory context, interacting hormones, and institutio-
nal design that structure economic action.
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