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Prenatal exposure to sex hormones exerts organizational effects on the brain
which have observable behavioural correlates in adult life. There are reasons
to expect that social behaviours—fundamental for the evolutionary success
of humans—might be related to biological factors such as prenatal sex hor-
mone exposure. Nevertheless, the existing literature is inconclusive as to
whether and how prenatal exposure to testosterone and oestrogen, proxied
by the second-to-fourth digit ratio (2D :4D), may predict non-selfish behav-
iour. Here, we investigate this question using economic experiments with
real monetary stakes and analyse five different dimensions of social behaviour
in a comparatively large sample of Caucasian participants (1 = 560). For both
males and females, our results show no robust association between right- or
left-hand 2D : 4D and generosity, bargaining or trust-related behaviours. More-
over, no differences in behaviour were found according to sex. We conclude
that there is no direct correlation between 2D : 4D and these social behaviours.

Humans display various social behaviours, such as generosity, fairness, trust
and reciprocity, each with its own social and bio-psychological underpinnings
[1-4]. However, while our species shows distinctive behavioural patterns in
the social domain compared to other taxa, there exists large individual hetero-
geneity. For example, some people are more generous, trustful or reciprocal
than others. Although we know that some of the variation emanates from cul-
tural differences [5-7], considerable heterogeneity still emerges within cultural
groups. This study analyses the biological roots of individual differences in gen-
erosity, bargaining and trust-related behaviours. Indeed, many studies—
without relying on any particular biological trait—suggest that social behaviour
is heritable or genetically determined to some extent [2,8,9]. Similarly, different
biological and genetic factors at certain times of development might determine
predispositions towards different social behaviours [10-12]. The amount of hor-
mones individuals are exposed to during prenatal development could be one
such factor [13-15]. Fetal exposure to hormones such as androgens and cortisol
is known to exert organizational effects on the human body and brain which
may influence behaviour later in life [16-19]. Since hormonal levels are strongly
influenced by genetics [20,21], this may be a channel for the intergenerational
transmission of behaviour.
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Concerning social behaviour, sex hormones and andro-
gens in particular have attracted considerable attention.
Numerous studies have examined the behavioural correlates
of circulating (endogenous or administered) testosterone
levels [22-28]. We focus on the organizational effects of pre-
natal exposure to testosterone. More specifically, we explore
the relationship between fetal testosterone exposure and
social behaviour in economic experiments. Previous studies
have typically used the second-to-fourth digit ratio (2D :4D)
as a putative marker of prenatal exposure to testosterone
or, more precisely, of the relative in utero exposure to testoster-
one compared to oestradiol ([29]). Although direct evidence
for the 2D :4D-fetal sex hormones link only exists for mice
[29], rats [30,31] and birds [32], there is large indirect evi-
dence and the ratio is commonly accepted as a proxy of
fetal hormone exposure (also) in humans (see [33,34] for evi-
dence and arguments against this interpretation). The 2D : 4D
is calculated such that lower ratios correspond to higher
exposure to testosterone and lower exposure to oestrogen.
Consequently, males tend to display lower 2D:4D values
than females [35,36]. Many studies, some using large
samples, have analysed the association between 2D :4D and
diverse aspects of social involvement and interactions,
including status seeking [37], social network positioning
[38] and managerial ability [39].

Regarding the economic games designed to elicit (pro)so-
cial preferences, the literature is inconclusive as to whether
and how 2D:4D predicts subjects’ social behaviour. Some
studies report negative effects [40,41], whereas others indicate
positive effects [42-46] on prosocial behaviours such as
generosity or cooperation. Null and nonlinear (mostly
quadratic) relationships have also been frequently reported
[47-54]. Other studies find 2D : 4D-context interactive effects
where situational cues change the relationship between 2D : 4D
and social behaviour. For example, Van den Bergh & Dewitte
[44] observed that lower 2D : 4D increases or decreases rejec-
tion rates (i.e. punishment) in the ultimatum game (UG)
depending on whether subjects are in a neutral or sex-related
context, respectively, whereas Millet & Dewitte [47] detected
a negative or positive association between 2D : 4D and gener-
osity in dictator games (DG) depending on whether or not
participants are primed with aggression cues.

In sum, the existing evidence provides no specific hypoth-
esis regarding how prenatal sex hormone exposure (as
proxied by 2D : 4D) organizes (pro)social behaviour in econ-
omic games. Note that many of these papers are based on
hypothetical decisions without monetary consequences.

Three features of this study distinguish it from previous
research. First, we use a large sample size consisting of 560
individuals which permits high statistical power.

Second, we elicit five dimensions of social behaviour
using three economic games with real monetary stakes. Our
participants decided as Dictators in a DG (see [51,55])
measuring generosity, as both Proposers and Responders in
the UG (see [56]) measuring bargaining and punishment be-
haviour, and as both Trustors and Trustees in the trust game
(TG) (see [57]) measuring trust and reciprocity (see Material
and methods). Previous studies suggest there might be sex
differences: women are more generous [55], males trust
more, but women are more trustworthy [58]. Evidence on
sex differences in bargaining and punishment is mixed and
there is some indication that the counterpart’s sex might
play a role in UG behaviour [59,60]. Thus, sexually dimorphic

(biological) traits such as prenatal hormone exposure may
potentially predict behaviour in these games.

Finally, our dataset enables controlling for a number of
potential confounding factors, including cognitive reflection
[61,62] or risk preferences [63,64] (see electronic supplemen-
tary material).

2. Material and methods

(a) Participants and protocol
The experiment was conducted in October 2011 at the EGEO
Laboratory of the University of Granada. The sample comprised
560 Caucasian subjects (330 females; age: mean+s.d.=17.97 +
1.82). Participants were first asked to complete the socio-
demographic and personality characteristics section, including
self-reported life satisfaction, risk preferences and social capital.
In addition, the survey contained a math test with four simple
questions. After the survey, the subjects played the economic
games in random order. Finally, they completed the cognitive
reflection test [65]. These variables are used as controls in the
regression analysis. Below, we briefly explain the elicitation and
structure of our three main variable types. More details about the
procedures are reported in the electronic supplementary material.
After completing the tasks, a research assistant scanned both
hands of all the participants using a high-resolution scanner. The
same researcher measured the finger lengths twice from the
images using Photoshop. The two resulting 2D :4D measure-
ments were averaged to obtain a single 2D : 4D ratio value for
each hand. As expected, the left-hand and right-hand 2D :4Ds
were positively correlated (r=0.67, p <0.001 for males; r=0.71,
p <0.001 for females; Pearson correlation) and males displayed
lower 2D: 4D than females (right-hand means +s.d.: 2D :4Dy; =
0.960 +0.033, 2D : 4Dg=0.972 +0.033, p <0.001; left-hand means:
2D: 4Dy =0.965 +0.032, 2D:4Dp=0.976 +0.032, p<0.001; t-test;
see electronic supplementary material).

(b) Social behaviour measurement: economic games
Our experiment consisted of three canonical two-person games:
the DG, UG and TG. As is standard in economic laboratory
experiments, participants made their decisions individually on
their computers and never learnt the identity of the person
they were (randomly) matched with.

In the DG, the Dictator had to divide €20 between herself and
another anonymous participant, the Receiver, who had to accept
the offer. The amount donated to the other participant (DG offer)
was our measure of generosity.

In the UG ([56]; see electronic supplementary material, figure
S1), the Proposer proposed a division of €20 between herself and
another anonymous participant, the Responder, who—unlike the
DG—could either accept or reject the proposal. If the Responder
accepted, the proposed division was implemented; in the case of
rejection, neither participant earned anything. Each subject partici-
pated in both roles. The offer made to the Responder was our
measure of the Proposers’ bargaining behaviour. For the role of
Responder, we used the minimum acceptable offer (1m4a0), typically
interpreted as indicative of the Responder’s willingness to punish
(unfair) Proposers at a personal cost [1,5,22,66,671.

We employed a binary version of TG [68]. Player 1, the Trus-
tor, had to decide whether to give the Trustee €10 or €0. If she
gave €0, the Trustor earned €10 and the Trustee nothing; if she
gave €10, the Trustee received 4 x €10 = €40. In this case, the Trus-
tee had to decide whether to return €22 and keep €18 for herself
(that is, be trustworthy) or keep all €40 without returning
anything. The Trustor’s decision thus measures trust, whereas
the Trustee’s decision measures reciprocity (see electronic
supplementary material, figure S1).

68106107 L M7 ol |qsy/|euinol/Biobuiysijgnd£ianos|efos H



Decisions were not hypothetical. Participants’ payoffs were
computed according to their decisions in the games and those
of a randomly matched participant. One of every 10 participants
was randomly selected for payment, and the final pay-off was
determined by a randomly selected role (from the six possible
roles, including as Receiver in the DG, which is passive). Pre-
vious studies have shown that this payment method yields
reliable data in economic experiments (see [69,70]). The average
earnings of those selected for payment, including those winning
€0 (11.43%), were €10.43. Descriptive statistics and bivariate cor-
relations of the game outcomes and variables are shown in
electronic supplementary material, tables S1 and S2.

Electronic supplementary material, tables S3-S7 report the
estimates of a series of models in which we regress the behav-
iour in a particular role in a particular game on the
combinations of 2D:4D, 2D:4D-squared (to analyse non-
linear, quadratic relationships; [50,64]), and a gender
dummy variable (including interactions). The models were
conducted with and without control variables and for the
left and right hands separately.

Our analyses give a clear message: 2D : 4D is not system-
atically related to the subjects’ behaviour in any game.
Independently of the outcome variable and model specifica-
tion, in a total of 40 regressions, 2D:4D did not have a
single effect at the 5% significance level. The few significant
effects at the 10% level disappear when including additional
control variables and/or adjusting for multiple comparisons.
Additionally, the gender dummy variable is never significant
(t-tests and proportion tests comparing males and females’
behaviour always yield p > 0.16; see electronic supplementary
material, table S2).

Hence, 2D: 4D is not systematically related to behaviour
in our data and the effects do not depend on gender. Since
multiple comparison correction only corroborates the null
findings from electronic supplementary material, tables
SM3-SM7, they are not reported.

We also performed a factor analysis as a robustness check
to exclude the possibility of measurement errors distorting
our estimates [54,71]. As in previous studies [54,72], our
analysis supports the existence of an underlying factor
common to DG offer, UG offer, TG trust and TG reciprocity,
but not UG mao. However, confirmatory latent variable analy-
sis using structural equation modelling fails to detect any
association between 2D:4D and the latent ‘prosociality’
obtained in the eight model specifications estimated for
each hand (results available upon request).

This article contributes to the literature analysing the link
between prenatal exposure to testosterone/oestrogen and
prosocial behaviour in economic games. We investigate this
question using three canonical two-person games—DG, UG
and TG—with real monetary incentives.

Our experimental set-up comprises five different dimen-
sions of social behaviour: generosity, bargaining,
punishment, trust and reciprocity. It is worth remarking
that we use a large sample of Caucasian participants
(n=560) with enough power to find a small effect size
(specifically, = 0.12) with 80% power and a =0.05.

For both males and females, we find no robust association n

between right/left-hand 2D : 4D and generosity, bargaining or
trust-related behaviours in any of the 40 regressions. These
results are in line with recent evidence in Candelo & Eckel
[52] and Parslow et al. [53], who analyse DG giving in a
sample of 115 African-Americans and 330 Swedish women,
respectively. In a larger sample using a larger number of incen-
tivized decisions, our results corroborate the lack of a direct
relationship. We also fail to find significant sex differences in
social behaviour, in contrast with previous research [55,58]. It
might be that a significant 2D : 4D-prosociality relationship is
observed in samples where there are sex differences, which is
not our case. Future work should tackle this question.

How can we reconcile the different findings in the litera-
ture on the association between 2D:4D and (pro)social
behaviour? It has been argued that—similarly to its circulat-
ing counterpart [26,73]—prenatal testosterone can be
understood as a marker for social status [74]. The evidence
indeed suggests that the association between 2D:4D and
other traits is moderated by the context and its relation to
status attainment. Low 2D:4D (reflecting high testosterone
exposure) robustly predicts aggressive or retaliation behav-
iour only if status is at stake or aggression is provoked
[43,45], while many inconsistencies arise in neutral settings
[74,75]. Furthermore, the association is more robust using
real-life behaviours and outcomes than hypothetical and lab-
oratory environments [76]. Similarly, Brafias-Garza et al. [64]
reported a correlation between risk-taking and 2D :4D only
if the elicitation of risk attitudes is incentivized—and thus
potentially relevant for status attainment—but not in a
hypothetical task. Millet & Buehler [76] provided a direct
test of the moderating effect of status-related framing and
found strong evidence supporting this hypothesis. These
examples are in line with the status- or dominance-related
interpretation of the 2D : 4D-behaviour linkage [74]. Accord-
ing to this interpretation, fetal testosterone mainly manifests
itself through enhancing the sensitivity to its circulating
counterpart, supported by the observation that administered
testosterone only affects low 2D :4D individuals ([77,78]; see
also [76]). The role of circulating testosterone in status-related
situations is widely documented [22,23,27].

The above discussion might also explain the diverse find-
ings on social behaviour: social behaviour might be affected
by contextual variables similarly and not controlling for the
context might generate omitted-variable issues [74]. In our neu-
tral setting without priming status, dominance or competition
but in which all tasks are incentivized, neither (pro)sociality
nor selfishness is ex ante status-enhancing and we may
expect—and find—no systematic relation between 2D : 4D and
behaviour. This is in line with recent arguments that 2D :4D
might be a biomarker for (prenatal and adult) sex hormones
solely in challenging situations [79]. The UG muao case is worth
noting. Previous studies suggest that relative standing or status,
and not fairness per se, is an important concern in UG rejections
[80-82]. However, other studies have found evidence that both
‘prosocial’ and ‘antisocial’ punishers coexist in the UG. High
mao might then emanate from a desire either to impose fairness
or maintain one’s relative standing [67], beyond other motives
[83]. Thus, rejections in the UG may stem from multiple
motivations. Future research should explore these possibilities.

All participants were informed about the content of the
experiment before they participated and provided written consent.



Besides, their anonymity was always preserved (in agreement with
the Spanish Law 15/1999 for Personal Data Protection) by assigning
them a random numerical code, which would identify them in the
system. No association was ever made between their real names
and the results. As is standard in socio-economic experiments, no
ethic concerns are involved other than preserving the anonymity of
participants. This procedure was checked and approved by the
Vice Dean of Research of the School of Economics of the University
of Granada, the institution hosting the experiment.
Data are available from the Dryad Digital Repository
at: https://doi.org/10.5061/dryad.rn288jt [84].
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