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In an earlier study, improvement of dietary status with food supplements led to a reduction in antisocial behavior among prisoners.
Based on these earlier ﬁndings, a study of the effects of food supplements on aggression, rule-breaking, and psychopathology
was conducted among young Dutch prisoners. Two hundred and twenty-one young adult prisoners (mean age 5 21.0, range
18–25 years) received nutritional supplements containing vitamins, minerals, and essential fatty acids or placebos, over a period of
1–3 months. As in the earlier (British) study, reported incidents were signiﬁcantly reduced (P 5 .017, one-tailed) in the active
condition (n 5 115), as compared with placebo (n 5 106). Other assessments, however, revealed no signiﬁcant reductions in
aggressiveness or psychiatric symptoms. As the incidents reported concerned aggressive and rule-breaking behavior as observed by
the prison staff, the results are considered to be promising. However, as no signiﬁcant improvements were found in a number of
r 2009
other (self-reported) outcome measures, the results should be interpreted with caution. Aggr. Behav. 36:117–126, 2010.
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INTRODUCTION

In the last three decades, evidence seems to be
mounting that dietary status and (deviant) behavior are
associated. Ecological data and correlational studies,
for instance, suggested associations between dietary
habits such as ﬁsh consumption on the one hand, and
psychiatric disorders [Noaghiul and Hibbeln, 2002;
Peet, 2004], developmental disorders [Hibbeln et al.,
2007], and aggression and criminal behavior [Hibbeln,
2001; Hibbeln et al., 2006] on the other. Fish contains
high levels of the essential o-3 fatty acids, eicosapentaenoic acid (epa), and docosahexanoenic acid (dha),
which are assumed to be involved in all kinds of
brain mechanisms [Hornstra, 2003; Horrobin, 1998].
Deﬁciencies of several other micronutrients, such
as zinc and magnesium, have also been linked to
impaired brain development and cognitive dysfunction
[Sandstead et al., 2000], and with attention deﬁcit
disorder with hyperactivity [Hamakazi et al., 1996;
Mousain-Bosc et al., 2006; Toren et al., 1996].
r 2009 Wiley-Liss, Inc.

The mechanisms underlying potential associations
between nutrition and behavior, however, are not
yet clearly established. Although a clear comprehensive theory is lacking, several ﬁndings do offer
some clues on the plausibility of dietary interventions. Epidemiological research, for instance, shows
that major changes in dietary patterns over time
have taken place, especially in industrialized world
during the last century [Cordain et al., 2005;
Crawford et al., 1999; Muskiet, 2005; Simopoulos,
1999]. These changes resulted in (micro)nutrient
intakes that are signiﬁcantly lower than in the
ancient, Palaeolithic diet. Indeed, some ecological
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studies show correlations between diet and behavioral outcomes [Christensen and Christensen, 1988;
Hibbeln, 2001; Peet, 2004], including criminal
behavior [Hibbeln, 2001]. A major limitation of
epidemiological studies is, however, the impossibility of making causal inferences. For this reason, the
ﬁndings mentioned above must be judged with
caution and experimental conﬁrmation is needed.
Developmental studies also suggest that poor
nutritional status in early development can lead to
behavioral consequences. On the basis of a meta
study, Cordain et al. [2005] concluded, for instance,
that breastfeeding is superior over bottle feeding as
far as cognitive development is concerned, and
Horwood and Fergusson [1998] suggested lower
school dropout in breastfed children. It can be
hypothesized that nutritional deﬁciencies effecting
brain development have potential detrimental effects
later in adult life.
Furthermore, the importance of sufﬁcient availability of essential fatty acids is stressed by
many researchers in this respect [Hornstra, 2003],
but other deﬁciencies may play a role as well.
Neugebauer et al. [1999] demonstrated a high
prevalence of antisocial personality disorder in a
cohort that suffered severe (macro)malnutrition
during gestation at the end of WW II in The
Netherlands. In a highly pragmatic trial, Raine et al.
[2003] showed that malnourished young children in
Mauritius are at risk of antisocial and delinquent
behavior later in life. His research also indicated that
this tendency may be prevented by providing extra
meals within the framework of an enrichment
program. Although the study of Raine et al. suggests
that antisocial and criminal behavior to a certain
extent might be preventable, the question remains
whether the effects of poor nutrition in early life are
still reversible at a higher age, or at least can be
inﬂuenced, and whether an improved nutritional
status at higher ages results in less antisocial and
criminal behavior. There are some indications that
this is the case; Schoenthaler et al. [1996] reported
the effectiveness of extra vitamins and minerals
(resulting in less violent and nonviolent incidents in
the institution). But he also demonstrated that
subjects with deﬁcient micronutrient blood levels
seemed to have beneﬁted the most from these
additions. So the effects of poor nutritional status
could at least be diminished. The study was one in a
longer series of (positive) studies with incarcerated
offenders, but it was the ﬁrst study indicating the
beneﬁcial effect of food supplements with offenders
suffering from objectively measured deﬁciencies.
Deﬁciencies in (young) offenders are further
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suggested by Eves and Gesch [2003], who showed
that young prisoners make poor diet choices in spite
of the fact that the meals served were sufﬁciently
nutritious. Gesch [in Bohannon, 2009] emphasizes
the importance of balance in restoring dietary status.
This makes the use of multiple vitamins, minerals,
and essential fatty acids plausible.
A review of Schachter et al. [2005] shows that
these potentially causal relationships between o-3
fatty acids and mental health nowadays are being
tested in a growing number of randomized controlled trials. Several of these trials suggested
efﬁcacy of o-3 fatty acids—particularly epa—in
selected patient samples [Appleton et al., 2006;
Arvindakshan et al., 2003; Buydens-Branchey and
Branchey, 2008; Emsley et al., 2002; Peet, 2003; Stoll
et al., 1999; Van Strater and Bouvy, 2007; Zanarini
and Frankenburg, 2003]. The body of evidence,
however, is still limited. Trials conducted so far are
often small in size, and considerable heterogeneity
has been demonstrated in meta analyses [Appleton
et al., 2006]. Apart from that, trial outcomes
are sometimes conﬂicting [Fenton et al., 2001;
Hamakazi et al., 1998; Schachter et al., 2005]. The
same applies—a fortiori—to trials with micronutrients such as zinc and magnesium, even though
the ﬁrst results of studies with these minerals were
promising as well [Akhondzadeh et al., 2004; Bilici
et al., 2004; Mousain-Bosc et al., 2006].
In most studies mentioned above, single nutrients
or a limited number of nutrients were the objects of
study. Another approach is based on the assumption
that dietary deﬁciencies, in general, have negative
effects on behavior. These effects might be overcome
by supplying a broad spectrum of micronutrients
[Gesch et al., 2002; Schoenthaler et al., 1996; Walsh
et al., 2004]. As early as the late 1970s, Schoenthaler
investigated this principle in several studies with
adult and juvenile offenders, and reported striking
reductions in aggressive incidents and rule-violating
behavior. Not without reason, however, Schoenthaler
has been criticized for his unorthodox study designs
and methodology, especially in his earlier work
[Benton, 2007; Schoenthaler, 1983a,b]. Substantial
improvements with multiple micronutrients were
also reported by Walsh et al. [2004] in a case series
study. All patients included in that study had
histories of poor conventional treatment responses
(e.g. medication interventions, behavior therapy,
counseling). Although Walsh et al. reported that
aggressive behavior (e.g. assaults, destructive behavior) was eliminated in more than half of the
patients, it should be noted that no control subjects
were included in this case series study.

Effects of Nutritional Supplements on Prisoners 119

In a well-designed, placebo-controlled study [see
Cowen, 2003] among 231 young adult offenders,
Gesch et al. [2002] found a (net) reduction of 26% of
incident reports in supplemented prisoners compared with control subjects. The objective of this
study was to investigate whether these ﬁndings could
be replicated in The Netherlands among a comparable group of young adult offenders by means of a
randomized, double-blind, placebo controlled trial.

METHODS

Subjects
The study was approved by the Dutch medical
ethical committee for mental health-care institutions
on November 11, 2005. Participants were enrolled in
the trial after having provided written informed
consent. The participants were male adult offenders,
aged between 18 and 25, who were incarcerated in
eight Dutch prisons. A relatively high number of
prisoners who were initially enrolled in the study,
however, could not be included in the analyses for
various reasons. To be included, subjects had to
swallow the capsules for at least one month (with a
maximum of three months). To be more precise, 105
(32%) dropped out, often for practical reasons, such
as early release from prison or transference to
another and nonparticipating institution, whereas
221 (68%) completed the study. In the results
section, potential differences between those who
completed the trial and drop-outs at baseline will be
brieﬂy addressed.
Intervention
The intervention consisted of daily supplementation with vitamins, minerals, the o-3 fatty acids, epa
and dha, and the o-6 fatty acid g-linolenic acid (gla).
These supplements, eight capsules in total, were
offered during warm meals at lunchtime under
watch and ward of prison staff. Lunchtime was
chosen to minimize possible side effects, such as
nausea and belching.
Two supplement capsules contained 25 vitamins
and minerals (Table I), with potencies close to
national and several international standards. The
other capsules contained several fatty acids
(Table II).
Although the amounts of vitamins and minerals in
this study resembled those used in the earlier British
study of Gesch et al. [2002], a few adjustments had
been made. In the British study, a compact, overthe-counter vitamins/minerals supplement was used,

whereas in this study, two slightly more voluminous
capsules were applied, allowing the use of highly
resorbable organic metal compounds. The extra
volume enabled the researchers to apply substantially more magnesium, which potentially is a
behavior modifying agent [Mousain-Bosc et al.,
2006]. Apart from that, here were differences in
amounts of vitamin D (10 vs. 5 mg in this study),
phosphorus (slightly different amounts in both
studies) and b-carotene (not mentioned in the British
study).
To date, recommended daily intakes of fatty
acids—long chain o-3 fatty acids, in particular—
vary considerably. These recommendations are
mainly based on current insights into cardiovascular
health protection. For this study, a dose was chosen,
in accordance with the recent research data [see
ISSFAL, 2004; Schachter et al., 2005]. These data
were not available in the design phase of the British
study, resulting in lower amounts of o-3 fatty acids
in that study. Furthermore, linoleic acid was omitted
in this study because of its abundance in the Dutch
diet [Kruizinga et al., 2007].
The placebo content was composed of starch
(vitamins–minerals placebo) and a mixture of
saturated and (poly)unsaturated fatty acids, reﬂecting the fat and oil composition of Western European
diet (fatty acid placebo).
Procedure
Before supplementation, the subjects were asked
to complete a number of questionnaires. It concerned the Dutch version of the Aggression Questionnaire [AQ; Meesters et al., 1996; Morren and
Meesters, 2002], the General Health Questionnaire28 [GHQ-28; Koeter and Ormel, 1991], and the
Symptom CheckList-90 [SCL-90; Arrindell and
Ettema, 1986]. Prison staff also rated the level of
hostile and aggressive behavior at baseline by means
of the Social Dysfunction and Aggression Scale
[SDAS; Wistedt et al., 1990].
After these pre-intervention assessments, participants were randomly allocated and started swallowing nutritional supplements or placebos under
prison staff supervision. The administration of
supplements or placebos was meant to be continued
for 3 months. To be included in the analyses, a
minimum period of administration of one month (30
days) was required [i.e. on average, the 221
participants used the capsules for 75.9 days
(SD 5 19.7), with no signiﬁcant difference between
the active and placebo condition; t(219) 5 1.4,
P 5 .16]. The participants received a small ﬁnancial
Aggr. Behav.
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TABLE I. Supplements: Vitamins, Antioxidants, Minerals Per Two Capsules
Potency

Nutrient
Vitamin A (mg)
b-Carotene (mg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Vitamin B3 (mg)
Vitamin B5 (mg)
Vitamin B6 (mg)
Vitamin B11 (mg)
Vitamin B12 (mg)
Biotin (mg)
Vitamin C (mg)
Vitamin D3 (mg)
Vitamin E (mg)
Calcium (mg)
Magnesium (mg)
Phosphorus (mg)
Zinc (mg)
Iron (mg)
Manganese (mg)
Copper (mg)
Potassium (mg)
Iodine (mg)
Selenium (mg)
Chromium (mg)
Molybdenum (mg)

Recommendation

Form
(present study only)

Present
study

Gesch et al.
[2002]

ADH
(NL)

RNIs
(UK)

RDAs
(EU)

DRIs
(US)

Retinol acetate
Natural b-carotene
Thiamine
Riboﬂavine
Nicotinamide
Calciumpantothenate
Pyridoxal-5-phosphate
Folic acid
Cyanocobalamine
–
Ascorbic acid
Cholecalciferol
D-Alfa-tocoferyl acetate
Tricalcium phosphate
Magnesium citrate
Tricalcium phosphate
Zinc citrate
Ferro fumerate
Manganese gluconate
Copper gluconate
Potassium chloride
Potassium iodide
Sodium selenite
Chromium chloride
Sodium molybdate

750
125
1.2
1.6
18
4
2
400
3
100
60
5
10
100
100
52
15
12
3
2
4
140
50
200
250

750
–
1.2
1.6
18
4
2
400
3
100
60
10
10
100
30
77
15
12
3
2
4
140
50
200
250

1,000
–
1.1
1.5
17
5
1.3
300
2.8
–
70
2.5a
11.8b
1,000
300–350
700–1,400
7–10
9c
–
1.5–3.5
–
100
50–150
–
–

700
–
1
1.3
17
–
1.4
200
1.5
–
40
–
–
700
300
550
9.5
8.7
–
1.2
3,500
140
75
–
–

800
–
1.4
1.6
18
6
2
200
1
150
60
5
10
800
300
800
15
14
–
–
–
150
–
–
–

900
–
1.2
1.3
16
5
1.3
400
2.4
30
90
5
15
1,000
400
700
11
8
2.3
0.9
–
150
55
35
45

ADH [aanbevolen dagelijkese hoeveelheid], recommended daily allowance, 19–50-year-old males; RNI, reference nutrient intake, 19–50-year-old
males; RDA, recommended daily allowance, no age statement; DRI, daily recommended intake 19–30-year-old males.
a
5 mg in cases of insufﬁcient sun exposure.
b
19- to 22-year-old 13 mg.
c
19- to 22-year-old 11 mg.

TABLE II. Supplements: Fatty Acids Per Four Capsules Fish Oil and Two Capsules Evening Primrose Oil
Potency

Fatty acid
Docosahexanoenic acid (dha) (mg)
Eicosapentaenoic acid (epa) (mg)
g-Linolenic acid (gla) (mg)
Linoleic acid (mg)
a

Recommended intake

Present studya

Gesch et al. [2002]b

400
400
100
–

44
80
160
1,260

Gezondheidsraad
[Dutch Health Council, 2006]

European Food Safety
Authority [EFSA, 2009]

450

250

–
Approximately 5,000
(2 energy %)

–
10,000

Four capsules containing ﬁsh oil; two capsules containing evening primrose oil; 30 mg vitamin E (5 mg/capsule).
Four capsules.

b

compensation for their cooperation. The capsules
had been blinded by means of four digit codes which
had been randomly assigned to either supplements
or placebos. Participants, staff members, as well as
researchers were blind for these codes. As a check on
the blinding of the capsules, a number of participants (n 5 55) was asked 24 hr after the ﬁrst
Aggr. Behav.

administration whether they thought they received
either supplements or placebos.
After the intervention period, aforementioned
instruments (AQ, SDAS, GHQ-28, and SCL-90)
were completed again. A subgroup of prisoners
was asked again, at this point in time, whether
they believed they had swallowed supplements or
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placebos. Furthermore, all recorded incidents for the
participating prisoners were gathered concerning the
one month period before the intervention started
(baseline), as well as for the period that the capsules
were swallowed. The incidents were gathered from
reports the ward staff in the prisons make about
aggressive and rule-breaking behavior. These reports, in general, are about aggressive or disruptive
behavior or incidents involving the possession or use
of drugs (e.g. possession of illicit substances or
having tested positive on a drug screening test). In
this study, both the total number of incidents
reported before and after the intervention (regardless of the type of the reported incidents), and the
number of incidents reported after exclusion of
alcohol and drug related incidents were analyzed.
Only after all the information was obtained and
entered into a SPSS ﬁle, were the codes of the
supplements unblinded.
Statistical Analyses
Differences between the experimental and control
group on the various outcome measures (AQ,
SDAS, reported rates of incidents, GHQ-28, and
SCL-90) were tested by means of ANOVA (‘‘repeated measures’’ in SPSS 15.0). For outcome
measures with non-normal (skewed to right) distributions with relatively high numbers of zero
scores (i.e. SDAS scores and rates of incidents),
nonparametric Mann–Whitney U tests were performed. In order to make the incident data
comparable between inmates who stayed in the trial
for the full 3 months vs. those who had to stop
earlier, incident numbers were converted into rates
per 1,000 prison days. As was done in the earlier
study of Gesch et al. [2002], negative binomial
regression analyses were performed on these incident rates, because of the highly speciﬁc distribution
of such incident variables [Gesch et al., 2002]. These
negative binomial regression analyses were performed with STATA v9.
In line with the overall hypothesis that nutritional
supplements would reduce aggressive and hostile
behavior, a was set at .05, one-tailed. P-values below .1
will be mentioned as being trends.

RESULTS

Sample Characteristics
At enrolment, the average age of the 221 prisoners
completing this study was 21.0 years (SD 5 1.5;
range from 18 to 25 years). These participants were

distributed over eight Dutch prison sites. After
unblinding the codes, 115 of these 221 prisoners
(52%) had received nutritional supplements,
whereas 106 prisoners (48%) were administered
placebos. The distribution of supplements and
placebos over the eight sites was in line with what
could be expected on the basis of chance [w2(7) 5 9.2,
P 5 .24].
As mentioned earlier in the methods section, a
number of participants (n 5 55) were asked 24 hr
after the ﬁrst administration whether they thought
they received either supplements or placebos. At
that point in time, the participants were not able to
provide correct answers above chance level
[w2(1) 5 0.02, P 5 .89; 51% gave a ‘‘wrong’’ answer].
At the end of the intervention period, this question
was posed again to a subsample, and it should be
noted that the number of participants giving the
‘‘wrong’’ answer was substantially decreased
[w2(1) 5 22.3, Po.001; 25% gave the wrong answer].
This ﬁnding suggests that as the study progressed,
more participants, one way or the other, were able
to ‘‘guess’’ correctly whether they were swallowing
supplements or placebos.
The 221 completers were compared on a number
of characteristics (i.e. age, pre-intervention AQ,
SDAS, GHQ-28, and SCL-90 scores) to the 105
prisoners who could not complete the study. No
signiﬁcant differences between completers and dropouts were found on these variables [i.e., t(319) 5 1.2,
P 5 .22, two-tailed; t(223) 5 1.0, P 5 .32, twotailed; t(290) 5 0.21, P 5 .84, two-tailed; t(321) 5
0.65, P 5 .52, two-tailed; t(324) 5 0.96, P 5 .34, twotailed, respectively). The distributions of completers
vs. dropouts, however, did not turn out to be evenly
spread over the eight participating institutions
[w2(7) 5 23.8, Po.005], which suggests that participants in certain institutions were more likely to
complete the study than in other ones. Taken
together, the absence of other differences between
those who completed the study and those who
dropped out does not make it likely that the initial
randomization was substantially affected by the
relatively high drop out rate.
Following this, it was investigated whether differences at baseline existed between the participants
who swallowed supplements (n 5 115) vs. those who
received placebos during the study (n 5 106). No
signiﬁcant differences on any of the baseline
assessments were found between the active and
the placebo condition, in terms of their average age
[t(219) 5 1.1, P 5 .29, two-tailed]; AQ total scores
(t[219] 5 0.29, P 5 .78, two-tailed]; SDAS scores
[Mann–Whitney U 5 5012.5, P 5 .25]; incident
Aggr. Behav.
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TABLE III. Correlations Between the Outcome Measures

SCL-90 total score
GHQ-28 total score
SDAS total score
Incident ratio per 1,000
prison days
Incident ratio per 1,000
prison days, alcohol,
and drugs incidents
excluded

AQ
total
scores

SCL-90
total
scores

GHQ-28
total
scores

SDAS
total
scores

.47
.45
.34
.05

.82
.23
.02

.28
.08

.38

.04

.41

.08

–.04

placebo
supplements

AQ
pre

AQ
post

12
placebo
supplements

10

Effects of the Nutritional Supplements on
Aggression and Hostility
The mean AQ score for the 221 participants at
baseline was 80.1 (SD 5 18.9). Figure 1 (left), depicts
self-reported aggressiveness and hostility as measured with the AQ before and after the intervention.
The reduction of AQ scores over time was 4.6 points
in the supplement group compared with 1.8 points in
the group receiving placebos. This trend of a higher
reduction in the experimental condition did, however, not reach signiﬁcance when compared with the
control group [F(1, 210) 5 1.8, P 5 .091; one-tailed].
Figure 1 (right) also depicts the development of
aggression scores, as it was rated by the prison
staff on the SDAS, both before and after the
intervention. At baseline, the mean SDAS score
for all participants was 5.1 (SD 5 6.3). No signiﬁcant difference was found in the development of
Aggr. Behav.

SDAS
post

Fig. 1. Development of AQ scores (divided by 10) and SDAS scores.
Supplements vs. placebo condition.

Po.05, two-tailed.

ratios per 1,000 prison days at baseline [Mann–
Whitney U 5 5882.5, P 5 .53; two-tailed]; incident
ratios per 1,000 prison days when excluding alcohol
and drugs-related incidents [Mann–Whitney U 5
5,980.5, P 5 .71, two-tailed]; GHQ-28 total scores
[t(219) 5 1.2, P 5 .24, two-tailed]; and SCL-90 total
scores [t(219) 5 1.2, P 5 .25, two-tailed].
To gain insight into how the various outcome
measures were interrelated, a correlation matrix was
made. In Table III, the resulting correlations are
presented. The table shows several signiﬁcant
associations, with the SDAS being the only scale
that was signiﬁcantly associated with all other
measures.
With the apparently equal starting positions of the
experimental and placebo group in mind, changes in
aggressive and hostile behavior (i.e. AQ, SDAS, and
incident data), as well as changes in well-being (i.e.
GHQ-28 and SCL-90 scores), is presented below.

SDAS
pre

8
6
4
2
0
A, pre

A, post

B, pre

B, post

Fig. 2. Development of incident ratios (incidents per 1,000 cell days).
Supplements vs. placebo condition. A: all incidents; B: all incidents
minus alcohol and drugs infringements.

aggressive and hostile behavior of the experimental
group vs. the control group [Mann–Whitney
U 5 4652.0, P 5 .23, one-tailed].
Figure 2 (left) presents the development of the
number of incidents of aggression and other rulebreaking (e.g. alcohol or drug abuse). At baseline,
the mean incident rate was 11.0 incidents per 1,000
prison days in the supplement condition, and 9.7 per
1,000 prison days in the placebo condition. In line
with the earlier study of Gesch et al. [2002], the
changes in the numbers of incidents before and after
the intervention were tested by means of negative
binomial regression analyses. These analyses take
into account the highly skewed, non-normal distribution of such incident data (e.g. many subjects
were not involved in incidents, a small group of
prisoners was involved in multiple incidents, etc.).
Apart from that Mann–Whitney U tests were
performed.
The negative binomial regression results indicate
that the total number of reported incidents was
reduced for the group receiving nutritional supplements in comparison with the placebo group (IRR1 5
.6002; P 5 .017, one-tailed). The Mann–Whitney U test
results were in line with this ﬁnding that the number of
1
2

IRR 5 Incident Rate Ratio.
95% CI: 0.37–0.96.
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incidents was lower for the supplemented prisoners
compared with control subjects [Mann–Whitney
U 5 5,314.5, P 5 .036, one-tailed].
The same tests were performed on the incident
ratios in case alcohol or drug-related violations of
prison rules were excluded (i.e. possession or use of
illegal substances in prison). These results are also
presented in Figure 2 (right). Again, a signiﬁcant
reduction was found in the number of reported
incidents involving prisoners who took supplements
as compared with prisoners who received placebos
(IRR 5 .6023; P 5 .020, one-tailed), after exclusion
of the alcohol and drugs-related rule-breaking. In
this case, the Mann–Whitney U test results did,
however, not reach signiﬁcance, although a trend
toward improvement was observed (Mann–Whitney
U 5 5,432.0, P 5 .055, one-tailed).
Below, the results of the nutritional intervention
on the psychological well-being of the prisoners as
measured with the GHQ-28 and the SCL-90 are
addressed.
Effects of Nutritional Suppletion on
Psychological Well-Being
The mean GHQ-28 score of the 221 participants at
baseline was 24.4 (SD 5 14.1). In Figure 3 (left), the
development of GHQ-28 scores pre- and postintervention is presented for both the experimental
and the control group. The graph suggests a trend
that prisoners on nutritional supplements experienced more improvement in well-being than the
control subjects, as lower scores on the GHQ-28
represent more well-being. The observed difference
between the groups, however, was not signiﬁcant
[F(1, 214) 5 2.2, P 5 .069; one-tailed].
Figure 3 also depicts the development of SCL-90
scores during pre- and post-intervention periods. At
baseline, the mean SCL-90 score for the entire
sample was 146.2 (SD 5 46.8). As can be seen in
Figure 3, the development toward improvement
(i.e. lower scores on the SCL-90 represent less
psychiatric complaints) as time progresses was
highly similar in the experimental vs. the control
group [F(1, 211) 5 0.25, P 5 .31; one-tailed].

DISCUSSION

In this study, a signiﬁcant reduction (P 5 .017,
one-tailed) was found in the number of reported
incidents of prisoners who received nutritional
supplements, as compared with prisoners taking
3

95% CI: 0.37–0.98.

30
placebo

25

supplements

20
15
10
5
0
GHQ
pre

GHQ
post

SCL
pr

SCL
post

Fig. 3. Development of GHQ-28 scores and SCL-90 scores (divided
by 10). Supplements vs. placebo condition.

placebos. When expressed in proportional differences, the decrease on this measure was impressive,
with a reduction of 34% in the experimental group
against a 14% increase in the control group. This
difference was signiﬁcant, in spite of the relatively
low base rate of reported incidents in this study (i.e.
11.0 incidents per 1,000 prison days in the supplement condition, and 9.7 per 1,000 prison days in the
placebo condition in this study, compared with 16
incidents per 1,000 prison days in the British study
of Gesch et al. [2002]).
At the same time, however, no signiﬁcant differences were found on other measurements (i.e. AQ,
SDAS, SCL-90, and GHQ-28). Therefore, when
considering these ﬁndings as a whole, a ﬁrm
conclusion that the supplements reduced aggressive
and disruptive behavior cannot be drawn. Yet, the
results in terms of a substantial reduction in
reported incidents seem promising, as this outcome
measure in particular may have practical relevance.
These incidents concern documented accounts of
observed behavior that is perceived as disruptive or
dangerous by the prison staff and that is in violation
of prison rules. In many cases, the reported incidents
led to measures or sanctions imposed on the
prisoner. Because of this, this outcome measure
may be a more ‘‘concrete’’ outcome measure than
self-reports of the prisoners’’, for instance, feelings
of hostility on the AQ.
On the other hand, on the other assessment about
observed aggressive and disruptive behavior (i.e.
SDAS) which was completed by the staff, no change
was detected. These SDAS scores were obtained at
the beginning and at the end of the study, and it
concerns an assessment of behavior as seen during
the week previous to completion. This may have
made this measurement to be a more limited
‘‘snapshot’’ of behavior in these two particular
weeks. It can be argued that the baseline measure
was biased by a (temporary) atmosphere of
cooperation between staff and inmates during
Aggr. Behav.
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inclusion. On the other hand, it should be noted that
these SDAS scores were found to be signiﬁcantly
associated with all of the other outcome measures.
On all self-report measures (i.e. AQ, SCL-90, and
GHQ-28), no signiﬁcant improvements in the
experimental condition were seen when compared
with the placebo group. On the AQ and GHQ-28,
trends (nonsigniﬁcant) (Po.1) toward improvement
were seen, but the proportional differences cannot
be regarded to be impressive, as was the case with
the changes in incident rates. For this reason, the
conclusion seems justiﬁed that the supplemented
prisoners themselves did not experience marked
differences in feelings of hostility and well-being in
comparison with control subjects.
One limitation of this study needs to be addressed,
in particular, when trying to interpret the results.
Participants were asked to ‘‘guess’’ which condition
they were in. The subjects were not able to do so
24 hr after the ﬁrst administration of the capsules.
This indicates that the nutritional supplements were
not identiﬁable directly by their taste or smell. At
the end of this study, however, signiﬁcantly more
participants than could be expected on the basis of
chance gave the ‘‘correct’’ answer. Perhaps, this was
the result of effects experienced by the prisoners
(or a lack of effects in case of placebos) but,
nevertheless, this does mean a partial breaking of the
blind occurred. No information is available as to
whether this ‘‘knowledge’’ may possibly have spread
to the prison staff who reported the incidents.
To summarize, the prospect of inﬂuencing aggression and rule-breaking behavior with nutrients in
moderate doses is important enough to warrant
further research. This is particularly true as adequate supplementation may also have beneﬁcial
effects on mental health and cognitive functioning
[Benton, 2001; Hibbeln, 2001; Richardson, 2004].
This study, however, did not conﬁrm this association, except for some marginal trends in this
direction. Yet, as the found decrease in the outcome
measure—reported incidents and rule-breaking—is
in line with the earlier British prison study of Gesch
et al. [2002], we feel that further research on the
association between dietary status and violent
behavior is warranted.
There are several issues that could be addressed in
future studies. The hypothesis of deﬁciency (or
multiple deﬁciencies) could be tested further by
detailed monitoring of dietary intake, and by
determining levels of (micro)nutrients in blood
samples. Note that many of the criminal subjects
in the current sample may have had a better dietary
status during their imprisonment, when compared
Aggr. Behav.

with their living conditions outside, especially in
cases when severe drug and alcohol addiction was
connected to their criminal conduct. Although
prison food certainly does not have a good
reputation [Eves and Gesch, 2003; Gesch et al.,
2002], the provision of regular meals in the prison
may have masked potential effects of supplementation on aggressiveness and well-being to a certain
extent. That no information was gathered in this
study about the nutritional status and diets of the
participants before the intervention, clearly limits
the possibilities to interpret the results. Collecting
such information, or assessing the levels of (micro)nutrients in blood samples at baseline, may provide
more speciﬁc insight into which potential nutritional
deﬁcits might be prevalent among incarcerated
criminal subjects. In this way, the question whether
improvement in nutritional status—as measured in
blood samples—is associated with less aggressive
and antisocial behavior, could be more adequately
addressed.
To further study the effects of the nutritional
status on violence and crime, other groups could
also be targeted, preferably (outpatient) populations
with high base rates of incidents. Certain offender
categories, such as perpetrators of domestic violence, as well as populations of psychiatric patients
with severe aggression management problems could
also be considered.
ACKNOWLEDGMENTS

Thanks to Liesbeth Hobo, Ellen Maaskant,
Annemarieke Lammertink, Laura Leenarts and
Thijs Emons for their assistance with the data
collection. Further, the authors thank Bernard
Gesch for his advice on the study design, Gert
Schuitemaker for his advice on the composition of
the food supplements, and Eddy Brand, Marinus
Spreen, and Teresa Allan for their (statistical)
advice.

REFERENCES
Akhondzadeh S, Mohammadi M, Khademi M. 2004. Zinc sulphate
as an adjunct to methylphenidate for the treatment of attention
deﬁcit hyperactivity disorder in children: A double blind and
randomized trial. BMC Psychiat 4:9.
Appleton K, Hayward R, Gunnell D, Peters TJ, Rogers PJ,
Kessler D, Ness AR. 2006. Effects of n-3 long-chain polyunsaturated fatty acids on depressed mood: Systematic review of
published trials. Am J Clin Nutr 84:1308–1316.
Arrindell WA, Ettema JHM. 1986. SCL-90. Handleiding bij een
multidimensionele psychopathologie-indicator [SCL-90. Dutch
version and manual]. Lisse, The Netherlands: Zwets Test
Services.

Effects of Nutritional Supplements on Prisoners 125
Arvindakshan M, Ghate M, Ranjekar PK, Evans DR, Mahadik SP.
2003. Supplementation with a combination of omega-3 fatty
acids and antioxidants (vitamins E and C) improves the outcome
of schizophrenia. Shizophr Res 62:195–204.
Benton D. 2001. Micro-nutrient supplementation and the intelligence
of children. Neurosci Biobehav Rev 25:297–309.
Benton D. 2007. The impact of diet on anti-social, violent and
criminal behavior. Neurosci Biobehav Rev 31:752–774.
Bilici M, Yldrm F, Kandil S, Bekaroglu M, Yildirmis S, Deger O,
Ulgen M, Yildiran A, Aksu H. 2004. Double-blind, placebocontrolled study of zinc sulfate in the treatment of attention
deﬁcit hyperactivity disorder. Prog Neuro-Psychopharmacol Biol
28:181–190.
Bohannon J. 2009. The theory? Diet causes violence. The lab? Prison.
Science 325:1614–1616.
Buydens-Branchey L, Branchey M. 2008. Long-chain n-3 polyunsaturated fatty acids decrease feelings of anger in substance abusers.
Psychiat Res 157:95–104.
Christensen O, Christensen E. 1988. Fat consumption and schizophrenia. Acta Psychiatr Scand 78:587–591.
Cordain L, Boyd Eaton S, Sebastian A, Mann N, Lindeberg S,
Watkins BA, O’’Keefe JH, Brand-Miller J. 2005. Origins and
evolution of the Western diet: Health implications for the 21st
century. Am J Clin Nutr 81:341–354.
Cowen J. 2003. Dietary supplementation with vitamins, minerals,
and fatty acids reduced antisocial behavior in young adult
prisoners (commentary). Evid-Based Med 8:53.
Crawford MA, Bloom M, Broadhurst CL, Schmidt WF,
Cunnane SC, Galli C, Gehbremeskel K, Linseisen F, LloydSmith J, Parkington J. 1999. Evidence for the unique function of
docosahexaenoic acid during the evolution of the modern
hominid brain. Lipids 34:S39–S47.
EFSA. 2009. Scientiﬁc opinion of the panel on dietetic products,
nutrition and allergies on a request from European Commission
related to labelling reference intake values for n-3 and n-6
polyunsaturated fatty acids. EFSA J 1176:1–11.
Emsley R, Myburgh C, Oosthuizen P, van Rensburg SJ. 2002.
Randomized, placebo-controlled study of ethyl-eicosapentaenoic
acid as supplemental treatment in schizophrenia. Am J Psychiat
159:1596–1598.
Eves A, Gesch B. 2003. Food provision and the nutritional
implications of food choices made by young adult males, in a
young offenders’ institution. J Hum Nutr Diet 16:167–179.
Fenton WS, Dickerson F, Boronow J, Hibbeln JR, Knable M. 2001.
A placebo-controlled trial of omega-3 fatty acid (ethyl eicosapentaenoic acid) supplementation for residual symptoms and cognitive
impairment in schizophrenia. Am J Psychiat 158:2071–2074.
Gesch CB, Hammond SM, Hampson SE, Eves A, Crowder MJ.
2002. Inﬂuence of supplementary vitamins, minerals and essential
fatty acids on the antisocial behavior of young adult prisoners.
Randomised, placebo-controlled trial. Br J Psychiat 181;22–28.
Gezondheidsraad [Dutch Health Council]. 2006. Richtlijnen Goede
Voeding, Achtergronddocument [Healthy diet guidelines,
reference document]. Publication nr A06/08. Den Haag, the
Netherlands: Gezondheidsraad.
Hamakazi T, Sawakawi S, Itomura M, Asaoka E, Nagao Y,
Nishimura N, Yazawa K, Kuwamori T, Kobayashi M. 1996.
The effect of DHA on agression in young adults. A placebocontrolled double-blind study. J Clin Invest 97:1129–1133.
Hamakazi T, Sawakazi S, Nagao M, Kuwamori T, Yazawa K,
Mizushima Y, Kobayashi M. 1998. Docosahexaenoic acid does
not affect aggression of normal volunteers under nonstressful
conditions. A randomized, placebo-controlled, double-blind
study. Lipids 33:663–667.

Hibbeln JR. 2001. Seafood consumption and homicide mortality.
World Rev Nutr 88:41–46.
Hibbeln JR, Ferguson TA, Blasbalg TL. 2006. Omega-3 fatty acid
deﬁciencies in neurodevelopment, aggression and autonomic
dysregulation: Opportunities for intervention. Int Rev Psychiatr
18:107–118.
Hibbeln JR, Davis JM, Steer C, Emmett P, Rogers I, Williams C,
Golding J. 2007. Maternal seafood consumption in pregnancy
and neurodevelopmental outcomes in childhood (ALSPAC
study): An observational cohort study. Lancet 369:578–585.
Hornstra G. 2003. Leven met Lipiden [Living with Lipids].
Maastricht, The Netherlands: University Maastricht.
Horrobin DF. 1998. The membrane phospholipid hypothesis as a
biochemical basis for the neurodevelopmental concept of schizophrenia. Schizophr Res 30:193–208.
Horwood LJ, Fergusson DM. 1998. Breastfeeding and later cognitive
and academic outcomes. Pediatrics 101. URL: http://www.pedia
tricsorg/cgi/content/full/101/1/e9.
International Society for the Study of Fatty Acids and Lipids
(ISSFAL). 2004. Board Statement No.3: Recommendations for
intake of polyunsaturated fatty acids in healthy adults (revised in
accordance with the recommended changes agreed by the
ISSFAL Board at ISSFAL 2004, June 28, 2004) http://
www.issfal.org.uk
Koeter M, Ormel J. 1991. Nederlandse Bewerking en Handleiding
[General Health Questionnaire. Dutch version and manual].
Lisse, The Netherlands: Swets Test Services.
Kruizinga AG, Westenbrink S, Bosch LMC, van Jansen MCJF.
2007. De inneming van Omega -3 en -6 vetzuren van vitamines A,
D en E bij jongvolwassenen. [Intakes of omega-3 and -6 fatty
acids and vitamins A, D and E in young adults] TNO-report
V7451. Zeist, The Netherlands.
Meesters C, Muris P, Bosma H, Schouten E, Beuving S. 1996.
Psychometric evaluation of the Dutch version of the aggression
questionnaire. Behav Res Ther 34:839–843.
Morren M, Meesters C. 2002. Validation of the Dutch version of the
aggression questionnaire in adolescent male offenders. Aggr
Behav 28:87–96.
Mousain-Bosc M, Roche M, Polge A, Pradal-Prat D, Rapin J,
Bali JP. 2006. Improvement of neurobehavioral disorders in
children supplemented with magnesium-vitamin B6. I. Attention
deﬁcit hyperactivity disorders. Magnesium Res 19:46–52.
Muskiet FAJ. 2005. Evolutionaire geneeskunde U bent wat u eet,
maar u moet weer worden wat u at [Evolutionary medicine. You
are what you eat, but you have to become again what you did
eat]. Ned Tijdschr Klin Chem Labgeneesk 30:163–184.
Neugebauer R, Hoek HW, Susser E. 1999. Prenatal exposure to
wartime famine and development of antisocial personality
disorder in early adulthood. J Am Med Assoc 282:455–462.
Noaghiul S, Hibbeln JR. 2002. Cross-national comparisons of
seafood consumption and rates of bipolar disorders. Am J
Psychiat 160:2222–2227.
Peet M. 2003. Eicosapentaenoic acid in the treatment of schizophrenia and depression: Rationale and preliminary double-blind
clinical trial results. Prostag Leukotr Essent Fatty Acids 69:
477–485.
Peet M. 2004. International variations in the outcome of schizophrenia and the prevalence of depression in relation to national
dietary practices: An ecological analysis. Br J Psychiat 184:
404–408.
Raine AD, Mellingen K, Liu J, Venables P, Mednick SA. 2003.
Effects of environmental enrichment at ages 3–5 years on
schizotypal personality and antisocial behavior at ages 17–23
years. Am J Psychiat 160:1627–1635.
Aggr. Behav.

126 Zaalberg et al.
Richardson AJ. 2004. Clinical trials of fatty acid treatment in
ADHD, dyslexia dyspraxia and the autistic spectrum. Prostagl
Leukotr Essent Fatty Acids 70:383–390.
Sandstead H, Frederickson C, Penland J. 2000. History of zinc as
related to brain function. J Nutr 130:496S–502S.
Schachter H, Kourad K, Merali Z, Lumb A, Tran K, Miguelez M,
Barrowman N, Senechal H, McGahern C, Zhang Li, Morrison A,
Shlik J, Pan Y, Lowcock EC, Gaboury I, Bradwejn J, Duffy A.
2005. Effects of Omega-3 Fatty Acids on Mental Health. Evidence
Report/Technology Assessment No 116 (prepared by the
University of Ottawa Evidence-based Practice Centre, Under
Contract No. 290-02-0021.) AHRQ Publication No. 05-E022-2.
Rockville, MD: Agency for Healthcare Research and Quality.
Schoenthaler SJ. 1983a. The Los Angeles Probation Department
diet-behavior program: An empirical analysis of six institutional
settings. Int J Biosoc Res 5:88–98.
Schoenthaler SJ. 1983b. The Northern California diet-behavior
program: An empirical examination of 3,000 incarcerated
juveniles in Stanislaus County Juvenile Hall. Int J Biosoc Res
5:99–106.
Schoenthaler SJ, Amos S, Doraz W, Kelly M, Muedeking R,
Wakeﬁeld J. 1996. The effect of randomized vitamin-mineral
supplementation on violent and non-violent antisocial behavior
among incarcerated juveniles. J Nutr Environ Med 7:343–352.

Aggr. Behav.

Simopoulos AP. 1999. Evolutionary aspects of omega-3 fatty acids in
the food supply. Prostagl Leukotr Essent Fatty Acids 60:
421–429.
Stoll AL, Severus WE, Freeman MP, Rueter S, Zboyan HA,
Diamand E, Cress KK, Marangell LB. 1999. Omega-3 fatty acids
in bipolar disorder. Arch Gen Psychiat 56:407–412.
Toren P, Eldar S, Sela B, Wolmer L, Weitz R, Inbar D, Koren S,
Reiss A, Weizman R, Laor N. 1996. Zinc deﬁciency in attentiondeﬁcit hyperactivity disorder. Biol Psychiat 40:1308–1310.
Van Strater A, Bouvy F. 2007. Omega-3-vetzuren bij de behandeling
van stemmingsstoornissen [Omega-3 fatty acids in the treatment
of affective disorders]. Tijdschrift voor psychiatrie [Dutch J
Psychiat] 49:85–94.
Walsh WJ, Glab LB, Haakenson ML. 2004. Reduced violent
behavior following biochemical therapy. Physiol Behav 82:
835–839.
Wistedt B, Rasmussen A, Pedersen L, Malm U, Traskman-Bendz L,
Wakelin J, Bech P. 1990. The development of an observer-scale
for measuring social dysfunction and aggression. Pharmacopsychiatry 23:249–252.
Zanarini MC, Frankenburg FR. 2003. Omega-3 fatty acid treatment of women with borderline personality disorder: A
double-blind, placebo-controlled pilot study. Am J Psychiat
160:167–169.

