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Abstract
Personality characteristics, particularly impulsive tendencies, have long been conceived as the primary culprit in delinquent
behavior. One crucial question to emerge from this line of work is whether impulsivity has a biological basis. To test this
possibility, 44 male offenders and 46 nonoffenders completed the Eysenck Impulsivity Questionnaire, and had their 2D:4D
ratio measured. Offenders exhibited smaller right hand digit ratio measurements compared to non-offenders, but higher
impulsivity scores. Both impulsivity and 2D:4D ratio measurements significantly predicted criminality (offenders vs.
nonoffenders). Controlling for education level, the 2D:4D ratio measurements had remained a significant predictor of
criminality, while impulsivity scores no longer predicted criminality significantly. Our data, thus, indicates that impulsivity
but not 2D:4D ratio measurements relate to educational attainment. As offenders varied in their number of previous
convictions and the nature of their individual crimes, we also tested for differences in 2D:4D ratio and impulsivity among
offenders. Number of previous convictions did not correlate significantly with the 2D:4D ratio measurements or impulsivity
scores. Our study established a link between a biological marker and impulsivity among offenders (and lack thereof among
non-offenders), which emphasise the importance of studying the relationship between biological markers, impulsivity and
criminal behavior.
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investigators have revealed a more complex picture. Among
females, the greater left hand 2D:4D ratio are associated with
greater ADHD (inattentive as well as hyperactive-impulsive
measures) symptoms; possibly due to small sample size, however,
the authors did not report similar results among males.
A number of investigators have also explored a possible
association between 2D:4D ratio and criminality. Focusing on
college students, an interesting investigation [13] has shown that
2D:4D ratio correlate with psychopathy and callous affect.
Investigating incarcerated methamphetamine users, others [14]
have found that greater prenatal testosterone exposure, as
indicated by 2D:4D ratio, is associated with increases in anger
thinking and a reduction in cognitive flexibility, at least among
individuals who have experienced physical abuse [14].
The above studies are among a growing body of literature
examining the link between 2D:4D ratio and individual differences
measures. With regard to impulsivity and criminal behavior, Aluja
and colleagues [15] reported a link between impulsivity and
serotonin transporter gene polymorphisms among inmates.
Researchers have also found that 2D:4D digit ratio is associated
with males’ aggressiveness [16], risk taking [17,18] and sensation
seeking [19]. Whether similar a relationship exists between 2D:4D
ratio and impulsivity among offenders and nonoffenders, however,
is unknown. As such, our study could shed light on biological
determinants to criminal behavior as well as impulsivity. In
probably the first study to examine offenders’ and nonoffenders’
impulsivity and 2D:4D ratio, we compared impulsive tendencies

Introduction
With record number of people in US prisons and an estimated
annual cost of crime exceeding $1 trillion [1], it is no wonder that
researchers have been interested in the underlying mechanisms
involved in criminality. From the 19th century to the present day,
personality characteristics—primarily impulsivity—have been
conceived as one of the primary culprits in delinquent behavior
[2]. The influential General Theory of Crime [3] emphasises that
offending is a function of opportunity and impulsivity—usually
conceived as quick processing of information, novelty seeking, and
inability to delay gratification [4]—with a large body of evidence
supporting a connection between impulsivity and criminality [5].
Prisons, likewise, have been relying on impulsivity measures to
evaluate the success of behavioral change programs [6].
The search for a biological basis for personality characteristics,
especially impulsivity, has a long tradition [7]. As one of the most
common and easy to measure indicators of prenatal androgens
exposure, researchers have used 2D:4D digit ratio (the ratio of the
second finger over the fourth ring finger length) [8,9] as a means to
gauge the biological basis of personality. One interesting strand of
research has explored the link between attention deficit/hyperactivity disorder (ADHD). One study [10] reported a link between
2D:4D digit ratio and parents’ and teachers’ rating of ADHD
symptoms among boys but not girls. Another study among young
children [11], however, found no similar relationship between
2D:4D and ADHD symptoms. Examining adult populations [12],
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2D:4D ratio measurements (OR,.01, 95% CI: ,0.01, 0.21;
p = .027) significantly predicted criminality (offenders vs. nonoffenders) when included as predictors in separate regression
analyses. As the nonoffenders had an overall higher level of
educational attainment than offenders, in a second step we also
included education level as a covariate. Controlling for education
level, the 2D:4D ratio measurements remained a significant
predictor of criminality (OR,.01, 95% CI: ,0.01, 0.18; p = .027),
while impulsivity scores no longer predicted criminality significantly (OR = 1.10, 95% CI: 0.96, 1.25; p = .163). Moreover, when
impulsivity and 2D:4D ratio measurements were included together
in a final regression analysis with education level as a covariate,
2D:4D ratio measurements (OR,.01, 95% CI: ,0.01, 0.72;
p = .045) and education level (OR = 0.55, 95% CI: 0.39, 0.77;
p,.001), but not impulsivity scores (OR = 1.07, 95% CI: 0.94,
1.23; p = .323), predicted criminality.
This indicates that impulsivity but not 2D:4D ratio measurements relate to educational attainment. Indeed, correlation
analyses revealed that education level was negatively correlated
with impulsivity (r(88) = 2.251, p = .018) and unrelated to 2D:4D
ratio measurements (r(88) = .050, p = .644) across all participants,
even though there were no significant correlations within the
offending and nonoffending groups between education level and
impulsivity (nonoffenders, r(46) = 2.161, p = .286; offenders,
r(42) = 2.171, p = .280) and between education level and 2D:4D
ratio measurements (nonoffenders, r(46) = 2.049, p = .748; offenders, r(42) = 2.081, p = .612).
The correlation analyses above suggest that the 2D:4D ratio
may be linked to criminality through its effects on impulsivity and
education, and that education could mediate effects of impulsivity
on criminality. However, further correlation analysis revealed only
a marginally significant correlation between 2D:4D ratio measurements and impulsivity scores (r(88) = 2.202, p = .059) across all
participants, and within the groups, a significant correlation
among offenders (r(42) = 2.396, p = .009) but not nonoffenders
(r(46) = .119, p = .432). Thus, 2D:4D ratio appears to predict
impulsivity only among offending individuals.
The offenders varied in their number of previous convictions
and the nature of their individual crimes. For this reason, we also
tested for differences in 2D:4D ratio and impulsivity among
offenders. Number of previous convictions did not correlate
significantly with the 2D:4D ratio measurements (r(42) = .039,
p = .808) or impulsivity scores (r(42) = 2.054, p = .735). Moreover,
there were no significant mean group differences in 2D:4D ratio
measurements or impulsivity scores between those who had and
those who had not been previously convicted for a drug related
crime (2D:4D, t(40) = 0.79, p = .434; impulsivity, t(40) = 0.63,
p = .532), theft/burglary (2D:4D, t(40) = 0.96, p = .345; impulsivity,
t(40) = 0.84, p = .409), or violence (2D:4D, t(40) = 0.15, p = .878;
impulsivity, t(40) = 0.73, p = .473).

between the two groups, and examined whether a link exists
between their 2D:4D ratio and criminality.

Methods
Participants and Procedure
Prior to data collection, ethical approval for the research
protocol was provided by both the university and participating
organization and all participants provided written informed
consent. Participants were 44 male offenders aged 21–58 years
(Mage = 39.12; SD = 8.65) who were within 16 weeks of their prison
release. Theft/burglary (27/44; 61%) was the predominant reason
for incarceration, followed by drug offences (23/44; 52%) and
violence (20/44; 45%). The majority of offenders had more than
ten previous convictions (30/44; 68%), and few had one to five (8/
44; 18%) or between six and ten previous convictions (6/44;
14%).We compared the offenders with 46 nonoffenders—who
were recruited from the community—of a similar age range
(Mage = 31.30; SD = 9.72; range 19–57). Offending and nonoffending participants also indicated on a scale from 0 to 6 their highest
educational attainment (0 = no education, 1 = key stage 1, 2 = key
stage 2, 3 = GCSE, 4 = Diploma/vocational, 5 = A-level, 6 = degree) (Key stage 1 and key stage 2 refer to primary school. GCSE
is an academic qualification awarded to those who have finished
high school at 16 years of age, whereas A-level is equivalent to
matriculating from high-school with the necessary requirements to
attend university). Ten of the 44 (23%) offenders indicated that
their highest educational attainment was the General Certificate of
Secondary Attainment (GCSE), compared to 18 (39%) nonoffenders. Similarly, 9 (20%) of the nonoffenders and none of the
offenders, indicated A-levels as their highest attainment. Nonoffenders were younger than the offenders, t(86) = 3.972, p,.001,
and were better educated, Mann-Whitney U = 534, p,.001.

Measures
Male offenders and nonoffenders completed the Eysenck
Impulsivity Questionnaire [20], which has been extensively used
with both offending and nonoffending populations and has been
shown to have the best predictive value with regard to convictions
and prison breaches of discipline [21]. To measure the 2D:4D
ratio, participants’ right hand with their fingers together was
scanned using a HP Scanjet 3800 with a resolution of 240064800
color dpi. As the majority of studies have used the right hand only,
our study followed this procedure. Two independent raters, blind
to the hypothesis, used a digital Vernier Caliper tool (to the
precision of 0.01 mm) to measure the length of the second figure
and the fourth ring finger (of the right hand only) from the ventral
proximal crease to the tip of the digit on the scanned image. The
2D:4D ratio measurement—which is thought to negatively
correlate with prenatal testosterone exposure—was calculated
separately for each participant by dividing the second finger
measurement by the fourth finger measurement, using the mean
measure of the two raters (internal consistency reliability,
Cronbach’s a = 0.996; r = .991).

Discussion
Researchers have postulated a link between impulsivity and
crime, but have largely failed to examine whether offenders’
impulsive tendencies might have a biological underpinning. Here,
we bridged this lacuna by examining the link between 2D:4D ratio
and offenders’ and nonoffenders’ impulsive tendencies. We found
that, even when controlling for education and impulsivity, 2D:4D
ratio significantly predicted criminality. Thus, our results nicely
augment earlier investigations regarding the link between 2D:4D
ratio and criminality, such as the association between 2D:4D ratio
and psychopathy [12] as well as 2D:4D ratio and anger

Results
Figure 1 displays the means (and standard errors) for the right
hand digit ratio measurements, and impulsivity scores (summed
across the 22 items). As expected, offenders exhibited smaller right
hand digit ratio measurements compared to non-offenders,
t(86) = 2.321, p = .023, but higher impulsivity scores,
t(86) = 2.309, p = .023. A logistic regression analysis revealed that
both impulsivity (OR = 1.15; 95% CI: 1.02, 1.29; p = .027) and
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Figure 1. Mean group impulsivity scores and 2D:4D right hand digit ratio measurements displayed separately for nonoffenders
and offenders. Error bars represent 1 standard error around the mean.
doi:10.1371/journal.pone.0047140.g001

rumination and cognitive flexibility among incarcerated methamphetamine users [13].
Consistent with other studies showing a relationship between
testosterone levels and responses on the disinhibition scale of the
sensation seeking scale among inmates [22], this study reveals a
relationship between an important and well-studied biological
marker [8,9] and impulsivity among offenders. We did not find a
link, however, between 2D:4D ratio and impulsivity among our
nonoffending sample. A number of possible factors can help
explain this disparity between offenders and nonoffenders.
Previous research has reported mixed findings concerning the
relationship between 2D:4D ratio and personality characteristics,
such as risk preferences [23,24,25], sensation seeking [26] and
even phenomenon such as ADHD [10,11]. Whether 2D:4D ratio
is related to such personality characteristics might depend on subgroup examined, such as their ethnicity and gender. Particularly,
2D:4D ratio is more likely to correlate with personality characteristics in homogeneous rather than heterogeneous subgroups
[27,28]. It is possible, therefore, that offenders represent a unique
and more homogenous sub-group than non-offenders in terms of
their current circumstances, life experiences, and social class.
Despite these encouraging results, we would caution against
explaining criminal behavior by a single (biological or environmental) factor. Furthermore, researchers [29] have shown that
2D:4D ratio is highly heritable. This might indicate that individual
differences associated with 2D:4D ratio could stem from heritable
factors rather than prenatal exposure to testosterone. Our
experimental design does not allow us to determine whether
2D:4D ratio differences between offenders and non-offenders is a
function of prenatal environment or genetics. However, another
line of investigation [30], examining adolescent twins (at ages 11
and 16), reported a strong genetic influence on impulsive
tendencies (using self-reported measure).
While genetic factors seem to play a crucial role, our data also
illustrate the importance role of education. In line with existing
theories [3], offenders exhibited greater impulsive tendencies than
nonoffenders. However, education attainment might account for
differences in offenders and nonoffenders impulsive tendencies.

This is not surprising, as the link between educational attainment
and criminal behavior and educational attainment and impulsivity
is well founded. One study, for example, looking at the link
between education and incarceration has reported that ‘‘differences in educational attainment between black and white men
explain 23% of the black-white gap in male incarceration rates’’
([31], p. 1). Similarly, an examination among smokers [32] has
shown that those with less education (no college vs. college
education) exhibited greater discounting tendencies. Our current
results, however, revealed that 2D:4D ratio predicted criminality
(offenders vs. nonoffenders) even after controlling for individual
differences in the education level and impulsivity.
The causal links between 2D:4D ratio, impulsivity, education,
and offending are likely to be highly complex and our current
results are less clear in this regard. An inevitable consequence of
sampling individuals from different populations (i.e. offenders and
nonoffenders), is that they differ in many respects, and this
complexity may have clouded our results regarding links between
2D:4D ratio, impulsivity, and education among offenders and
nonoffenders. We hope that the present findings inspire further
research in this domain. One fruitful topic that may unpick links
involving education would be to measure the 2D:4D ratio and
impulsivity scores of young children as part of a longitudinal
investigation of offending.
While it is important to keep these caveats in mind, our analyses
suggest that the 2D:4D ratio measurement may point to an
underlying biological basis of criminality through its effects on
impulsivity. Our results, however, do not provide a consistent
pattern with regard to the exact mediating effects of impulsivity
and education on criminality, which would seem to have a more
complex relationship with criminal offending.
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