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1. Introduction
Attempts to prevent criminal conduct have typically involved social or environmental
manipulations, with incarceration, probation regimens, and psychological rehabilitation
programmes being perhaps the most prominent examples. However, biological
interventions have also at times been used for this purpose, and one of the
presuppositions of this volume is that a wider range of biological interventions capable of
preventing crime may be available in the future.

This chapter sets the scene for the subsequent philosophical discussions by surveying a
number of biological interventions that have been used, or might in the future be used, for
the purposes of crime prevention. These interventions are pharmaceutical interventions
intended to suppress libido, treat substance abuse or attention deficit-hyperactivity
disorder (ADHD), or modulate serotonin activity; nutritional interventions; and electrical
and magnetic brain stimulation. Where applicable, we briefly comment on the historical
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use of these interventions, and in each case we discuss the evidence that they are
effective, or might become so with further refinement.

The list of interventions that we review is not exhaustive. For example, we have nothing
to say about the frontal leucotomy and other forms of psychosurgery that were used for
crime prevention (among other purposes) in the Twentieth Century. We will also not
comment on the lethal injection, though it is a biological intervention that has arguably
been used at least in part with the purpose of preventing crime. Our aim is to survey the
kinds of biological intervention that are most likely to be justifiably and widely deployed
as part of attempts to prevent crime in the future. As such, we focus on interventions that
are relatively safe and/or non-invasive and for which there is some evidence of
effectiveness or potential future effectiveness.

We do not limit ourselves to particular types of crime, but as it happens, the interventions
we survey are most likely to be effective in combating certain forms of either sexual
crime, or non-sexual violent crime. It should be noted that the psychological, sociological
and biological mechanisms underlying these two types of crime are thought to be
different;1 our inclusion of interventions relevant to both types of crime should not be
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taken to suggest otherwise, nor do we mean to suggest that these broad categories of
crime are homogenous with respect to the underlying causal mechanisms.

2. Pharmacological interventions

2.1 Anti-libidinal agents
Pharmacological agents that seek to lower sexual drive are arguably the most established
example of biological interventions used for crime prevention, though they are associated
with significant controversy, and are still utilized relatively infrequently. The motivation
for using such agents to prevent sexual re-offending is the thought that some sex crimes,
especially those committed by paedophiles, are motivated in part by a misdirected sex
drive. By diminishing sex drive, anti-libidinal agents may thus, in some classes of
offender, diminish motivation to offend.

The precursor to the use of such agents is surgical castration or orchidectomy, the
surgical removal of both male testes. One of the earliest surgical procedures, surgical
castration has been employed for a variety of reasons ranging from religious to musical to
corrective. In the Middle Ages, it was applied as a retributive punishment for sex-related
crimes such as rape or adultery. 2 In the 20th Century, the procedure was re-introduced as a
treatment and rehabilitative measure for sex offenders in a number of European countries,
including Denmark, Germany, Norway, Finland, Estonia, Iceland, Latvia, and Sweden,
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where it was used under a range of legal provisions.3 Infamously, court-ordered castration
for sex offenders was used widely in Nazi Germany, with more than 2800 orchidectomies
carried out between 1934 and the abolition of the practice in 1944.4 Following World
War II, the use of surgical castration decreased significantly worldwide, and it has been
only rarely carried out, almost entirely on a voluntary basis, since the 1970’s.5 Currently,
voluntary surgical castration for sex offenders is still offered in two European countries
(the Czech Republic and Germany) and five U.S. states (California, Florida, Iowa,
Louisiana and Texas).6

The decline in the use of surgical castration was due in large part to ethical concerns.
Surgical castration results in marked and irreversible psychological and physical changes
including sterility, and it makes sexual activity difficult, if not impossible. 7 Many
commentators have criticised the practice as a “cruel and unusual” punishment and an
affront to human rights.8 The historical association of the practice with the totalitarian
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regimes of Nazi Germany 9 and the USSR, 10 and in response to activities that were
wrongly criminalised such as homosexuality, 11 may also have contributed to its fall in
popularity. There is, in addition, uncertainty regarding the actual efficacy of the practice
in preventing re-offending, due to unavoidable methodological limitations and a sparse
body of research, though there are suggestions that it was effective.12

Anti-libidinal pharmacological agents aim to provide similar reductions in sexual drive
and recidivism, but with the option of reversibility on discontinuation, and without the
need for an invasive surgical procedure (the agents are normally administered by
injection). They have typically been used to treat paraphilias, such as paedophilia, or to
prevent sexual re-offending, with the two goals often being combined and, in some cases,
conflated.

Several pharmacological agents have been identified in the literature as potential antilibidinal agents. The two best established of these are cyproterone acetate (CPA), used
widely in Europe, and medroxyprogesterone acetate (MPA), used widely in the United
States.
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Recently, gonadotrophin-releasing hormone (GnRH) agonists have been
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employed for this purpose. 14 All of these agents are posited to act by lowering
testosterone levels in the long-term, though GnRH agonists achieve this reduction
through a less direct mechanism than CPA and MPA.15 When they are used with the goal
of reducing testosterone activity to pre-pubescent levels they are frequently referred to as
‘chemical castration’. They can produce significant and not uncommon medical sideeffects, including osteoporosis, weight gain, male breast enlargement, and hot flushes,16
and CPA and MPA are also associated with deep venous blood clots and subsequent
complications. Additionally, their use in the context of criminal justice has also provoked
ethical debate regarding autonomy, consent, and coercion. 17

A fourth class of anti-libidinal agents, selective serotonin reuptake inhibitors (SSRIs), are
psychotropic medications commonly used to treat depression and anxiety disorders,
which have long been associated with a decrease in libido through poorly-understood
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pathways.18 These medications are sometimes used for their anti-libidinal effects in sex
offenders.

The effectiveness of anti-libidinal agents in preventing sexual crimes is controversial.
There are numerous methodological problems with the existing literature, stemming in
part from the practical and ethical difficulties in conducting research on individuals with
a history of sex offending. Aside from the ethical issues with the delivery of anti-libidinal
agents themselves, there are significant research ethics concerns in allowing high-risk
sexual offenders to remain untreated, as a randomised controlled trial might require, and
in ensuring that research projects are fully voluntary and non-exploitative, given the
vulnerable position of many offenders. Most researchers investigating anti-libidinal
agents have also had to work within the practical constraints of the prison system, and
many have been plagued by disruption from early release or transfers, and difficulties in
adequately controlling for environmental conditions and demographics.

A recent Cochrane systematic review of anti-libidinal agents for persons at risk for sexual
offending highlights some of these difficulties with the evidence base. 19 Despite an
exhaustive search of the literature, the authors were only able to identify seven
randomised controlled trials that met their strict inclusion criteria. All of these studies
were published prior to 1993, with samples sizes ranging from 9 to 37 participants; only
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two formally measured rates of sexual recidivism; and none were conducted in a prison
setting. Furthermore, considerable heterogeneity between study comparisons and
outcome measures meant that quantitative meta-analysis was not considered possible by
the authors. Given these significant limitations, the authors concluded that the existing
high-quality literature was insufficient to draw firm conclusions on the effectiveness of
anti-libidinal agents in preventing sexual recidivism.

Although randomised controlled trials are considered the ‘gold-standard’ level of
evidence, non-randomised trials can still provide useful data. Several non-systematic
reviews including a broader range of study designs have also examined the literature
surrounding anti-libidinal interventions. They have arrived at varying conclusions, 20
depending on which trials were included and how their results were interpreted.

Given these limitations, we have settled for commenting on three important papers on
this topic: the Oregon Depo-Provera Trial, the largest single study on anti-libidinal
interventions in a prison population; 21 a meta-analysis by Lösel and Schmucker which
constitutes the most inclusive quantitative review of interventions in sexual offenders to
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date; 22 and a review completed by the World Federation of Societies of Biological
Psychiatry in developing their Guidelines for the Biological Treatment of Paraphilias,
which constitutes the current expert opinion on the topic.23

The Oregon Depo-Provera trial came about as a result of legislative changes in the US
state of Oregon that required compulsory treatment with MPA on release in a selected
population of sexual offenders, and was intended to evaluate the efficacy of the
program.24 The study retrospectively followed the first cohort of men (n=275) inducted
into the program between 2000 and 2004, separating the men into three groups: those
prescribed MPA who indeed underwent treatment (n=79); those prescribed MPA but who
for various reasons did not ultimately undergo treatment (n=55); and those judged to not
require MPA (n=141). A number of methodological limitations were present. For
example, detailed data concerning doses, timing and length of MPA administration were
unavailable, as was information about serum testosterone levels and length of follow-up.
In addition, decisions about which participants required anti-libidinal agents were based
on an unvalidated risk scoring scale developed by the investigators, and no attempt was
made to ensure equal baseline recidivism risk across the three groups. Nevertheless, the
study arguably constitutes the strongest evidence on this topic available from a single
piece of research, and the results were striking – only 5% of the group who actually
received MPA committed new offences (p<0.0001), none of which were sexual in nature,
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compared with a 26-30% re-offense rate in the other two groups, with just over half of
these offences being sexual in nature. None of the MPA treated group returned to prison,
compared to 15-20% of the other two groups (p<0.0001 for recommended and did not
receive, p<0.002 for not recommended). As has been noted elsewhere, 25 that the
recidivism rates for the two non-treated groups correlates well with reported sexual
offender recidivism rates from other studies, providing some weak support for the
reliability of the study’s results.26

Lösel and Schmucker’s meta-analysis is, to date, the most comprehensive quantitative
review undertaken of the efficacy of surgical and chemical castration in preventing sexual
re-offending.27 The authors examined 69 studies from multiple countries that met their
inclusion criteria, with 80 separate comparisons totalling over 22,000 individuals. Of
these, 6 studies assessed the efficacy of anti-libidinal agents, and 8 studies examined
surgical castration. Both interventions, but especially surgical castration, were found to
have large, statistically significant effects in reducing recidivism, more so than any other
intervention examined. The authors do, however, strike a cautionary tone, noting that
many of the studies do not reach ‘gold-standard’ levels of design quality, and are still
subject to methodological limitations even after passing inclusion criteria. Subjects often
receive these therapies in conjunction with other cognitive-behavioural interventions,
introducing potential confounders, and are furthermore (particularly with surgical
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castration) often voluntary and thus administered only to a highly selected population.
Despite these issues, the authors nevertheless conclude that there is an overall significant
and positive effect with these interventions, and that they should be considered for use, in
combination with other modes of treatment, in sexual offenders.

The World Federation of Societies of Biological Psychiatry (WFSBP) Guidelines for the
Biological Treatment of Paraphilias were the result of a specially appointed Task Force
on Sexual Disorders aiming to provide expert clinical guidelines for the treatment of
paraphilias and sexual disorders. 28 The Task Force undertook an extensive review of the
literature, evaluated the efficacy of a range of anti-libidinal agents in the treatment of
sexual disorders, and produced a graded treatment algorithm for a range of paraphilias.
There was, however, no quantitative analysis of treatment effects; in contrast to the Lösel
and Schmucker study, the WSFBP review aimed to arrive at an agreed expert opinion,
rather than undertaking a detailed meta-analysis. The existing evidence was not found to
support the use of SSRIs due to a lack of sufficient research, with a possible exception
being patients that exhibit obsessive-compulsive elements in their paraphilia. MPA and
CPA were both thought to be effective, though conclusions were limited by the
moderately poor quality of the existing evidence due to methodological limitations. More
importantly, they had multiple significant side effects that were of substantial concern
and would limit their use. The newer class of GnRH antagonists (including triptorelin,
leuprolin, and goserelin) also suffered from the limited quality of existing research, but
appeared to be more potent than CPA and MPA, with fewer side effects reported. The
Thibaut et al., ‘The World Federation of Societies of Biological Psychiatry (WFSBP)
Guidelines’.
28
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Task Force concluded that, overall, there was some evidence that anti-libidinal agents can
have an anti-recidivist effect and that they should be utilised in conjunction with other
modes of treatment, and regular medical follow-up.

Overall, this body of evidence could be taken to suggest that the use of hormonal antilibidinal agents is likely to be effective in reducing sexual recidivism in selected groups
of sexual offenders, but has medically significant side-effects. However, any firm
conclusion is precluded by the issues with the existing research literature noted above.

2.2 Pharmacological treatments for substance abuse and addiction
Substance abuse and addiction (SA/A) are linked rather directly to criminal behaviour –
in most jurisdictions around the world, the possession, sale, and use of so-called illicit
drugs, not including alcohol, is a criminal offence. 29 In the United States, a significant
fraction of the dramatic increase in the prison population since the 1970’s can be
attributed to a rising number of inmates arrested on drug-related charges as part of the
‘war on drugs’.30

There is also evidence for a relationship between SA/A and other criminal offenses,
particularly violent crimes, with strong associations present in many surveys of offenders
and inmates. Among the general prison population in the US, nearly 70% of State
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30
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prisoners reported regular use of illicit drugs, 56% in the month prior to, and 33% at the
time of offence. 31 In comparison, 7.9% of the general American population over the age
of 12 reported being current users of illicit drugs (use during the immediate month prior)
in the same year. 32 A large systematic review found estimates of between 10-60% for the
prevalence of drug and alcohol SA/A in prison populations. 33 Australian data indicates
that as many as two in three people detained by police for offenses tested positive for
illicit drugs (not including alcohol), and complementary survey data have suggested that
up to 45% of offenses are self-attributed to either alcohol or illicit drug use. 34

Of course, these associations between use of illicit drugs and criminal offending mask a
more complex and multifactorial picture. None of the commonly-used substances have
direct biological effects that are sufficient to, in and of themselves, produce violent
behaviour or offending. Rather, they constitute risk factors interacting within a
miscellaneous milieu of social, cultural, institutional, and (underlying) biological
factors. 35 One schematic framework suggests three basic means via which SA/A can
promote violence: systemic violence (turf wars and conflicts resulting from procurement
and
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psychopharmacological violence (aggressive behaviour attributable in part to biological
side-effects of substance use).36 Surveys suggest that systemic violence is most prevalent,
with economic-compulsive and psychopharmacological violence constituting small but
still significant categories. 37 Of course, most violence associated with SA/A likely
involves a mixture of these factors, rather than one in isolation.

The latter two, economic-compulsive and psychopharmacological violence are most
relevant to this discussion, being most directly related to direct biological effects of
SA/A. Presumably, the addictive properties of many illicit (and licit) drugs are an
important driver of economic-compulsive violence, and thus treatment of SA/A would be
expected to prevent or reduce this sort of offending. Psychopharmacological violence
provoked by the short- and long-term cognitive, psychological, and behavioural changes
induced by abuse or withdrawal from certain drugs – including irritability, anxiety,
psychomotor agitation, physical aggression and even psychosis – is also likely amenable
to treatment of SA/A.

Traditionally, behavioural and psychosocial interventions such as cognitive behavioural
therapy (CBT) and twelve-step programs form the backbone of community SA/A
treatment programs.38 There are, however, a number of pharmacological therapies have

36
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also recently been found to be effective in treating SA/A in the outpatient setting,
especially in combination with the above interventions. These include topiramate, an antiepileptic, and buprenorphine, a weak opioid agonist, but the strongest evidence is for the
use of opioid antagonists and methadone maintenance therapy (MMT). High-quality
systematic reviews find that opioid antagonists significantly reduce the risk of heavy
drinking, as well as the overall amount and frequency of alcohol consumption in
alcoholics, 39 and that MMT significantly reduces the use of heroin and improves
treatment program retention in narcotic addicts.40

Evidence on the effectiveness of these interventions in the criminal justice system
specifically is much sparser, and suffers from methodological limitations. The most
widely-studied and promising intervention in this particular setting is MMT, 41 though the
literature is still limited and the actual availability of these interventions in prisons is
poor. 42 A wide array of observational and higher-quality randomised controlled trials
agree that MMT is effective in reducing drug relapse rates and improving treatment
program retention and uptake.43
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Whether there is a similarly substantial effect in reducing criminal activity, recidivism,
and re-incarceration is still uncertain, with conflicting conclusions from high-quality
reviews of the evidence. A recent systematic review of opioid maintenance therapy in
prison settings,44 and a meta-analysis of a range of incarceration-based drug treatment
programs 45 concluded that the evidence from trials with MMT painted a mixed but
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overall neutral picture, with varying results reported. In contrast, a recent systematic
review and meta-analysis of drug treatment programs for offenders in Europe 46 and a
systematic review of a variety of pharmacological substitution-based programmes 47
suggest that such interventions are indeed effective in facilitating a significant reduction
in criminal behaviour. In the light of such conflicts, it is suggested that further highquality research with larger sample populations are required to confirm the benefits of
MMT.

2.3 Pharmaceutical treatments for ADHD
ADHD is a neurodevelopmental disorder that typically begins in childhood, and is
characterized by high-for-age levels of inattention and/or hyperactivity and impulsivity. It
is commonly associated with poor academic performance in school, and difficulties with
social interaction, and can persist into adulthood. 48

ADHD is significantly associated with criminal offending. In corrective institutions
worldwide, numerous studies have consistently found a disproportionately high
prevalence of ADHD. Although some of these studies suffered from significant
methodological weaknesses, the results indicated that between 24 and 67% of adolescent
prisoners met the criteria for childhood ADHD, and between 23-45% of adult prisoners
met the criteria for adult ADHD. 49 For comparison, a large pooled meta-analysis of
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global studies on the prevalence of ADHD suggested the worldwide pooled rate was
5.29%.50

It is more difficult to establish the exact causal link between ADHD and criminality, as
there is significant co-morbidity with multiple psychiatric conditions that are themselves
risk factors for criminal behaviour, particularly substance abuse and addiction,
oppositional defiant disorder (ODD) and conduct disorder (CD).51 Multiple longitudinal
and retrospective cohort studies, however, have supported a significant increase in risk
for criminal offending with ADHD, even after controlling for OD and CDD comorbidity.52 One particularly prominent theory regarding the association between ADHD
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and criminality in the criminology literature is that it results from the poor impulse
control often seen in ADHD.53

Fortunately, ADHD is also one of the most successfully treatable psychiatric conditions.54
Stimulant medications, such as methylphenidate, have been found effective in treating the
disorder in numerous large and well-designed randomized controlled trials. 55 A review of
the literature by the American Academy of Paediatrics strongly supported the
effectiveness of stimulant medications in treating symptoms of ADHD.56
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As ADHD is strongly associated with criminal offending, the effective treatment of this
condition might be expected to reduce the risk of criminal behaviour. A recent large
Swedish retrospective cohort study has reported findings that support this conclusion 57 –
in 25,565 adult subjects diagnosed with ADHD, the untreated control group had an
overall 12% increased risk of criminal conviction during the follow-up period compared
to the treated group. Despite the open-label design and reliance on registry data, the
results were statistically significant and robust under multiple sensitivity analyses.

2.4 Modulating serotonin levels to attenuate aggression
Another promising area of recent interest has been the role that different neurotransmitter
systems play in mediating social behaviour. This has included work examining the effects
of oxytocin on trust, 58 adrenaline on racial bias, 59 and serotonin on various aspects of
social behaviour. In what follows we briefly exemplify this research by setting out some
of the relevant findings regarding serotonin.
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There is an enormous body of animal research literature concerning the relationship
between the neurotransmitter serotonin and social behaviour, implicating it in behaviours
ranging from parental attachment and mating, to co-operation and aggression. In
particular, lower central serotonin levels were associated with increased proactive 60
aggression in mice, and a number of genes involved in the synthesis and metabolism of
serotonin have been associated with aggressive behaviours. 61

In humans, the serotonergic neurotransmitter system has been implicated in aggression
and antisocial behaviour, though its role has not been fully elucidated. 62 Levels of a
serotonin metabolite in cerebrospinal fluid, for example, are significantly lower in
antisocial subjects compared to healthy controls. 63 Variations in the gene coding for
MAOA, an enzyme in the brain that breaks down serotonin, have also been strongly
associated with aggressive behaviour in certain social contexts.64 A mutation in the gene
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coding for the 5-HT2B serotonin receptor has also been identified in a series of violent
Finnish offenders, and subsequent experiments in mice suggest it is associated with
increased levels of impulsivity and aggressive behaviours. 65

The serotonin deficiency hypothesis – that levels of brain serotonin are inversely
correlated with aggressive behaviour – is currently the most popular explanation of the
relationship. Some support for this hypothesis can be derived from a series of studies
which assessed the effects of acute tryptophan depletion on aggressive behaviours.
Tryptophan is an amino acid that is a metabolic precursor to serotonin, and reduction in
circulating blood plasma levels is a validated experimental method to indirectly reduce
brain serotonin levels. 66 The studies found that depletion of tryptophan, and thus of neural
serotonin, significantly increased behavioural and self-reported measures of aggression,
with greater effects in those with aggressive tendencies. 67 Conversely, a randomised,
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controlled double-blind study found that augmentation of central serotonin levels by
administration of SSRIs 68 attenuated aggressive responses, particularly in participants
with a history or aggression. 69

A recent comprehensive meta-analysis of over 6,500 total participants in 175 studies and
across four different experimental methods tested the validity of this serotonin deficiency
hypothesis, and found a small, but reliable inverse relationship between serotonin levels
and aggression.

70

The investigators noted, however, that there was significant

heterogeneity in results of studies within similar experimental methods.

More specifically, a number of recent reviews have also suggested that serotonin
deficiency may be more closely related to impulsive (as opposed to instrumental)
aggression. 71 Impulsive aggression is usually characterised as a reactive, emotional
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response to a provocative stimulus, and is associated with antisocial personality disorder.
Instrumental aggression, on the other hand, is described as pre-meditated, less
emotionally motivated, and carried out with the intent of achieving a particular goal or
reward, and is associated with psychopathy.

If serotonin deficiency increases aggression, it might be expected also to contribute to the
occurrence of certain kinds of violent and sexual crime. Further, we might speculate that
drugs which increase serotonin levels will tend to diminish the likelihood that an
individual will commit such crimes. These thoughts remain highly speculative, however;
we are not aware of any high quality studies directly investigating the effect of serotonin
levels or SSRIs on criminality.

There is also a further mechanism via which serotonin neurobiology might influence
criminality. Recent work by Crockett et al. suggests that depletion of tryptophan tends to
increase the degree to which individuals will sacrifice their own interests in order to
punish those who have treated them unfairly; that is, it seems to strengthen the disposition
to engage in costly retaliation. 72

How might this be useful in developing future interventions to reduce criminality? It has
been suggested that retaliatory dispositions are, in at least some instances, implicated in
violent or criminal behaviour. The psychologist Stephen Pinker argues that one
contributor to violent behaviour is a combination of retaliatory dispositions and positive
72
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self-evaluation. 73 That is, certain criminal behaviour (e.g. blood feuds, retaliatory
violence, and code-of-honour retribution) is the result of a desire to mete out ‘justice’, as
well as an unfortunate tendency to think that we are, more often than not, on the
aggrieved side. It is not implausible that dampening this drive for retaliation might be a
means of reducing criminal or violent behaviour.74

3. Nutritional interventions
Adequate nutrition, particularly at critical stages in early life, is important for normal
neurodevelopment, and poor nutrition increases the risk of developmental and psychiatric
disorders later in life. Severe malnutrition in the first and second trimesters, 75 for
example, has been associated with a significantly greater rate of antisocial personality
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disorder in later life. This is a psychiatric condition characterized by impulsivity,
aggression, disregard for others, and criminal behaviour.76

Postnatally, early childhood malnutrition is also associated with an increased risk of
externalising behaviours – aggression, hyperactivity, attention problems and delinquency
– in later childhood and teenage years. Such behaviours are themselves a significant risk
factor for juvenile delinquency, and criminal offending and violence in adulthood.77 A
large prospective longitudinal study of 1795 Mauritian children

78

found that

malnourishment at age 3 was associated with significantly higher overall rating for
externalising behaviours at ages 8, 11 and 17 years. This relationship was independent of
gender, ethnicity, and psychosocial adversity (captured by adverse parental, family, or
housing factors), but controlling for cognitive ability (IQ) abolished the main effects of
malnutrition in the statistical analysis. This suggests that poor neurodevelopment may be
the causal link between malnourishment and subsequent externalising behaviour. A
smaller prospective cohort study of 213 Jamaican children 79 assessed the effect of early
childhood stunting on psychosocial functioning and behaviour in later childhood and
adolescence. Stunting (growth retardation) is associated with under-nutrition and
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infectious diseases, and is particularly common in areas of low socioeconomic status.
Children who experienced early stunting had increased prevalence of antisocial and
oppositional behaviours in late adolescence 80 in comparison to their non-stunted peers. A
report on a cohort of Barbadian children81 who experienced a limited episode of proteinenergy malnutrition also suggested that they were more likely, in comparison to healthy
controls, to display aggressive behaviour towards their peers, oppositional-defiant
behaviours towards adults, and attention-deficit issues in later childhood (ages 5-11).
These behaviours persisted through to late adolescence (ages 11-17) but were somewhat
attenuated.82

More reassuringly, however, there is some evidence to suggest that early malnutrition is
at least partially amenable to mitigation through early intervention programs including
nutritional supplementation. 83 Individuals who have not experienced malnutrition may
also benefit from nutritional supplementation, with a number of studies showing
behavioural improvements in ‘healthy’ cohorts. There have been, to date, three welldesigned, randomised controlled trials of nutritional supplementation in young adult
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prisoners, all of which have suggested that they produce a robust and significant
improvement in behaviour.

The earliest, by Schoenthaler et al, was a double-blinded randomised controlled trial in 62
inmates of a maximum-security psychiatric facility aged between 13 and 17. 84 The
subjects were given supplements containing high-dose minerals and vitamins over an
experimental period of 13 weeks. Nutritional status assessment and dietary advice was
also given to all subjects, regardless of whether they were in the active or placebo group.
Voluntary blood samples before, and after, the experiment were also collected for about
half the study group. Compared to the 13-week initial baseline period, violent infractions
fell 80% in the active group (56% in the placebo group); non-violent infractions fell 83%
(49% with placebo); and total infractions fell 83% (55% with placebo). The treatment
effect for supplementation was 4.236 (p=0.044) for violent infractions; 7.646 (p=0.008)
for non-violent rule infractions; and 8.517 (p=0.005) for total rule infractions. There were
also some indications that this decrease in rule-breaking was mediated by underlying
changes in nutrient levels, with improvements in behaviour correlating with correction of
pre-experimental nutrient deficiencies.

A second double-blinded, randomised controlled trial of 231 young inmates in the United
Kingdom also strongly suggested that nutritional supplementation (including omega fatty
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acids) was effective in reducing antisocial behaviour in the prison system. 85 An intentionto-treat analysis found that inmates on supplementation committed, overall, 26.3% fewer
disciplinary offenses compared to those on placebo (p<0.03). A more specific analysis
excluding drop-outs and subjects who showed poor compliance or were started on
psychotropic medication found a more pronounced decrease in disciplinary incidents of
35.1% (compared to 6.7% for placebo), which was particularly pronounced for serious
(including violent) offenses.

Zaalberg et al. attempted to reproduce these results, conducting a similar study in a Dutch
cohort of young prisoners, enlisting 326 subjects. 86 105 (32%) did not complete the trial,
mainly for practical reasons including early release or transfer, and no significant
differences in a variety of characteristics were found between completers and drop-outs.
The results of the trial replicated a significant reduction in rule-breaking incidents with
supplementation, as well as non-significant improvements in scores of aggression and
psychological wellbeing. One note of caution, however, is that there were indications that
participants managed, in one way or another, to identify whether they were treatment or
placebo group, with a significant increase in correct guesses of group assignments
throughout the trial. Thus, it is possible that differences between the groups were due to
differences in expectations rather than the treatment itself.
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Overall, there is a substantial body of evidence suggesting that adequate nutrition in the
pre-natal, post-natal, and childhood periods is essential to normal behavioural
development, and that, conversely, malnutrition increases the risk of antisocial and
delinquent behaviour later in life. These behavioural sequelae of early childhood
malnutrition appear to be at least partially reversible by appropriate programs of
enrichment and nutrition. This would seem to indicate a simple and promising means of
intervening to reduce future risk of criminality in at-risk populations and young
delinquents. Even more intriguing is the aforementioned small but high-quality body of
evidence suggesting that nutritional supplementation can rapidly and substantially reduce
antisocial and rule-breaking behaviour in prisoners, perhaps through the correction of
underlying micronutrient deficiencies. Whatever the mechanism, and pending further
investigation and replication in the post-release setting, this may present a cheap,
effective, and readily available means of reducing recidivism and criminal behaviour.

4. Brain stimulation techniques
One further mode of intervention that may, speculatively, be capable of modulating
dispositions to violently offend is the family of interventions that can be loosely referred
to as electromagnetic brain stimulation (EBS): deep brain stimulation (DBS), transcranial
magnetic stimulation (TMS) and transcranial direct-current stimulation (tDCS). Each of
these involves the application of magnetic fields or electrical currents, via different
methods, to specific areas of the brain, with the aim of modulating brain activity. DBS
involves the invasive neurosurgical placement of metal electrodes within the brain to
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transmit electrical impulses. 87 TMS and tDCS, on the other hand, non-invasively induce
changes in brain activity through the use of superficial magnets 88 and electrodes 89
respectively. These two modes have a shallow depth of effective penetration relative to
DBS and are thus only able to affect relatively superficial brain regions. 90 Recent
developments in TMS technology, though, suggest it may be possible to extend this
range.91 Both DBS and TMS already have FDA-approved medical indications: the former
for essential tremor and Parkinson’s disease, 92 dystonia 93 and obsessive-compulsive
disorder;94 and the latter for migraine95 and treatment-resistant depression.96
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More recently, the use of EBS interventions to therapeutically alter cognitive,
psychological and behavioural outcomes has been explored, although this possibility
remains largely speculative. This has not, however, dampened enthusiasm, and the
resulting popularity and proliferation of mass-market “DIY brain stimulation kits” have
necessitated serious considerations about the appropriate way to regulate such devices.97

How might EBS interventions be useful in preventing or reducing criminal conduct? The
basic thought is that it could be used to up- or down-regulate brain activity in the brain
regions responsible for modulating (anti-)social behaviour.

It is important to recognise that there are a variety of interventions already in use, aside
from EBS, that alter both brain structure and functional activity and human behaviour–
including psychotherapies 98 such as cognitive behavioural therapy 99 and mindfulness
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meditation.
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EBS interventions aim to produce similar outcomes, but improve

specificity and reliability through targeting brain activity as a means to behavioural
outcomes. To illustrate this, consider neurofeedback, a novel technique that is arguably
midway between traditional therapies and EBS. Neurofeedback utilises real-time
functional magnetic resonance imaging (rtfMRI) and biofeedback methods to train
subjects to consciously modulate levels of brain activity in specific regions of interest.101
In other words, neurofeedback arguably constitutes a form of non-electrical brain
stimulation; and already studies suggest that it can produce corresponding behavioural
changes associated with stimulation of these brain areas, including emotional
processing,102 linguistic ability,103 and even reductions in chronic pain. 104
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Currently, there are three main crime-relevant psychological dispositions or processes
that the literature suggests may be modifiable by EBS: moral cognition, aggression, and
impulsivity.

Many criminal activities, particularly violent crimes such as rape, murder, and bodily
assault, are almost universally recognised as immoral. Deficits or abnormalities in moral
cognition may, then, increase the likelihood of criminal offending, with psychopathy and
antisocial personality disorder (APD) as extreme examples of such cases. De Ridder et al.
detail evidence from functional imaging studies for abnormal brain functioning in two
conditions associated with criminal offending – APD and paedophilia.105 They argue that
it would theoretically be possible to remedy these abnormalities through the use of
electrical brain stimulation, with the use of TMS for initial therapeutic trials, and the later
implantation of DBS electrodes to maintain a permanent therapeutic effect. There are also
some early indications that tDCS may be able to modulate moral decision-making and
behaviour, 106 but these studies are preliminary, utilise small sample sizes, and require
replication. There are, to our knowledge, as yet no studies assessing directly for
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therapeutic effects of any EBS modality on the conditions mentioned above, or indeed
measures of criminal offending.

Aggression and impulsivity are two dispositions that are often thought to increase the risk
of antisocial and criminal behaviour,107 and have been linked with altered brain activity in
the prefrontal cortex and amygdala. 108 Modifying these through EBS may be a possible
means to prevent criminal behaviour. There are some indications in the sparse literature
that this may indeed be possible – Dambacher et al., for example, found that receiving
tDCS to the right dorsolateral prefrontal cortex (DLPFC) significantly decreased
measures of proactive aggression in men.109 Even more interestingly, a trial by Riva et al.
found that tDCS potentially mitigates the increase in aggression associated with social
exclusion. 110 Participants experiencing simulated social exclusion who also received
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stimulation of the right ventrolateral prefrontal cortex (VLPFC) were significantly less
aggressive than those who did not, and were indistinguishable from those who experience
simulated social inclusion. Aggressive behaviour resulting from social exclusion, the
authors note, may place a role in certain criminal behaviours, including domestic violence
and school shootings. In addition to these, a number of small experimental studies
similarly suggest that modulation of regions in the pre-frontal cortex through tDCS and
TMS has an effect on propensities for risk-taking behaviour111 and higher-order cognitive
inhibitory control. 112

As will be evident, currently much of the support for the use of EBS to reduce or prevent
criminal behaviour is highly speculative, consisting mainly of small-scale, as-yet
unreproduced cognitive science experiments. Two highly critical quantitative reviews of
tDCS have recently been published (by the same author) arguing that the existing
evidence, in aggregate, indicates that tDCS is almost completely ineffective; 113 these
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articles have themselves, however, come under scrutiny for their statistical analyses and
methodology.114 As things currently stand, much research and further therapeutic trials
will need to be conducted before EBS is even able to be considered as a viable alternative
or adjunct in the criminal justice system.

5. Final thoughts
This chapter has reviewed six biological kinds of intervention that one might reasonably
expect, in the future, to be deployed, or at least advocated, for the purposes of preventing
crime. Four of these have already been used or trialled in this role. The fifth and sixth—
modulation of the serotonergic bases of aggression and retaliatory dispositions, and EBS
interventions to specifically alter moral cognition, aggression, or impulsivity – are
speculative but somewhat promising possibilities for the future.115

Crime is inherently social both in the sense that it affects other people, and in the sense
that social context has an influence on the effectiveness of any crime prevention
technique. It is therefore important to note that many of the findings we have reviewed in
this chapter are based on empirical studies conducted with individuals acting alone in the
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closed environment of the laboratory. It has, however, been shown that biological factors
in principle can affect people differently when they are studied as isolated individuals
from when they act in a social group. This has, for example, been empirically shown for
stress116 and for alcohol,117 and it has been argued that this is likely to be also the case for
other biological factors, including pharmacological substances. 118 Future research needs
not only to confirm that the techniques we discussed can be effective in individuals in the
laboratory, but also in non-laboratory settings.

To conclude our discussion, we would like to note some potentially significant
differences between the six kinds of intervention that we have discussed.

One difference relates to the (notoriously problematic) distinction between the natural
and the artificial. With one possible exception, all of the interventions we discussed are
‘artificial’ in the sense that they involve the deployment of products produced through
complex, human-designed processes. The possible exception is nutrition, which arguably
need not involve the use of such products, and might be deemed by some to be a ‘natural’
intervention.
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A second difference pertains to the distinction between therapy and enhancement.
Therapies are often understood as interventions that are intended to correct a disease,
disorder or disability, whereas enhancements aim to augment human capacities from an
already healthy level. 119 (There is, of course, much debate about how to draw the
boundaries of ‘disease, disorder and disability’, and thus about the correct application of
the therapy-enhancement distinction.) Two of the interventions that we discussed are, as
we understood them, necessarily therapeutic, for they are defined by the disorders that
they treat—namely, substance abuse or addiction and ADHD. However, it is possible that
the same pharmaceuticals could be used with similar effects in individuals who possess
some tendencies towards substance abuse, addiction, poor attention, or hyperactivity,
though they would not qualify for any disorder. The other kinds of intervention that we
survey were not characterised such that they are necessarily therapeutic, though in some
cases they might be. For instance, nutritional interventions might be used to correct
malnutrition and associated behavioural abnormalities (therapeutic) or to improve on
already-healthy nutritional states and behavioural tendencies (enhancement), and antilibidinal agents are typically used partly for the purpose of treating paraphilias.

Of course, it might turn out, in relation to some of these interventions that they are
effective in preventing criminal offending only in cases where they constitute therapies.
For instance, the best evidence for the preventive effectiveness of anti-libidinal
interventions relates to their use in individuals who would qualify for a diagnosis of
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paraphilia. It is much less clear whether anti-libidinal interventions could prevent sexual
offending in individuals who suffer from no disorder.

It should also be noted that on some ways of drawing the therapy-enhancement
distinction, all interventions used to prevent crime would constitute therapies. Some
would view all interventions that aim to correct or prevent abnormalities as therapeutic,
and criminal conduct is arguably always abnormal, even if it is not always accompanied
by a disease, disorder or disability. Still, there are plausible and standard ways of drawing
the therapy-enhancement distinction such that some of the interventions we have
discussed are not therapeutic.

There are, then, at least two oft-made distinctions that might be drawn between the kinds
of intervention we have discussed: the artificial-natural distinction, and the therapyenhancement distinction. In identifying these differences, we do not mean to suggest that
they are of moral significance; whether they are has been the subject of much recent
discussion in the literature on the ethics of biomedical enhancement. We leave this as a
topic for further debate.
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