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Chapter 7

Abstract

Background: Aggression and violent incidents are a major concern in psychiatric
in-patient care. Nutritional supplementation has been found to reduce aggressive
incidents and rule violations in forensic populations and children with behavioural
problems.

Aims: To assess whether multivitamin, mineral and n-3 polyunsaturated fatty acid
supplementation would reduce the number of aggressive incidents among long-stay
psychiatric in-patients.

Method: The trial was a pragmatic, multicentre, randomised, double-blind place-
bo-controlled study. Data were collected from 25 July 2016 to 29 October 2019, at
eight local sites for mental healthcare in The Netherlands and Belgium. Participants
were randomised (1:1) to receive 6-month treatment with either three supplements
containing multivitamins, minerals and n-3 polyunsaturated fatty acid, or placebo.
The primary outcome was the number of aggressive incidents, determined by the Staff
Observation Aggression Scale - Revised (SOAS-R). Secondary outcomes were patient
quality of life, affective symptoms, and adverse events.

Results: In total, 176 participants were randomised (supplements, n = 87; placebo,
n =89). Participants were on average 49.3 years old (SD = 14.5) and 64.2% were male.
Most patients had a psychotic disorder (60.8%). The primary outcome of SOAS-R
incidents was similar in supplement (1.03 incidents per month, 95% CI 0.74-1.37) and
placebo groups (0.90 incidents per month, 95% CI 0.65-1.19), with a rate ratio of 1.08
(95% Cl1 0.67-1.74, p = 0.75). Differential effects were not found in sensitivity analyses
on the SOAS-R or on secondary outcomes.

Conclusions: Six months of nutritional supplementation did not reduce aggressive
incidents among long-stay psychiatric in-patients.
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Effect of supplementation on aggression

Introduction

Aggression and violent incidents are highly prevalent in psychiatric in-patient care,
varying from nine to 90 incidents per patient per year, depending on the type of ward
3 Although pharmacotherapy and psychotherapy may help to mitigate feelings of
irritability, anger or overt aggression ), clinical guidelines emphasise the need for
additional treatment options ©.

Nutritional psychiatry

Research isincreasingly suggesting diet to be a modifiable factor affecting mood and
behaviour, giving rise to the field of nutritional psychiatry ©. Essential nutrients, in-
cluding lipids, amino acids, vitamins, and minerals, play an important role in biological
processes such as inflammation, oxidative stress, neuroplasticity, neurogenesis, and
synthesis of neurotransmitters, with the gut-brain axis acting as a potential medi-
ating pathway ®. For example, vitamin B6, vitamin B12 and folate are crucial in the
formation of neurotransmitters such as epinephrine, norepinephrine, y-amino butyric
acid, and serotonin . In particular, a deficiency in serotonin seems to play a key
role in aggressive behaviour ©19, considering that the deprivation of the amino acid
tryptophan, the dietary precursor of serotonin, can induce aggressiveness *¥, and the
selective serotonin reuptake inhibitor fluoxetine has shown anti-aggressive effects in
randomised trials among psychiatric patients >3, However, as essential nutrients
act in synergistic combinations, broad-spectrum micronutrients are recommended
in trials among psychiatric populations, rather than focusing on a single nutrient ®4.

Previous findings

Previous literature has explored whether multivitamin, mineral and n-3 polyunsat-
urated fatty acid (PUFA) supplementation may help to reduce aggressive behaviour.
Hitherto, researchersin this field have studied young male prisoners %51 and children
with behavioural problems *°2Y some of whom were diagnosed with autism spectrum
disorder 22, attention-deficit hyperactivity disorder @, conduct disorder and opposi-
tional defiant disorder @9, In total, five out of six randomised controlled trials showed
reductions in aggression, and there were 26-47% fewer aggressive-related incidents
in the group receiving nutritional supplements compared with those receiving a pla-
cebo 1519, In addition, one of these studies demonstrated that participants with the
lowest nutrient concentrations seemed to have benefited the most from nutritional
supplementation *, Reductions in aggressive behaviour based on the number of
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disciplinary incidents were not found in a study among school-aged children @V, In
the same study, however, an observer-rated scale was also included that did show
a significant reduction in these behaviours in the intervention compared with the
control group. Trials that assessed subjective feelings of aggression as an outcome
showed consistent findings %2224, Thus, nutritional supplementation may help to
reduce aggression, but this needs to be confirmed in a sample of long-stay psychiatric
in-patients.

Long-stay psychiatric in-patients are more at risk for nutrient deficiencies com-
pared with the general population, because of the consumption of more energy-dense
and nutrient-poor diets, insufficient outdoor activities and the potential detrimental
effect of psychotropics (e.g. antipsychotics) on appetite, gastrointestinal function,
the microbiome and (energy and micronutrient) metabolism ©>2%), The overall poor
quality dietary intake was also confirmed in a pilot study in a group of 21 patients
from the target population (Supplementary Appendices 1 and 2 available at https://
doi.org/10.1192/bjo.2022.8). Hence, it can therefore be hypothesised that psychiatric
in-patients may likely benefit from nutritional supplementation.

Aim and hypothesis

A randomised, double-blind placebo-controlled trial was initiated to determine
the effectiveness of nutritional supplements in reducing aggressive incidents among
long-stay psychiatric in-patients. We hypothesised that nutritional supplementation
would reduce aggressive incidents, feelings of aggression and affective symptoms,
and would increase patient quality of life.

Method

Design

This pragmatic, multicentre, randomised, double-blind, placebo-controlled interven-
tion trial was coordinated in the Department of Psychiatry at the Leiden University
Medical Centre (LUMC). Participants were recruited between 25 July 2016 and 29
October 2019, from eight local sites for mental healthcare in The Netherlands and
Belgium. Data collection took place at the ward where the participants resided.
Participants received a small financial compensation (€2.50) for completing each as-
sessment. Written informed consent was obtained from all participants, in some cases
from a relative or legal representative, where appropriate. All procedures contributing
to this work complied with the ethical standards of the relevant national and institu-
tional committees on human experimentation and with the Helsinki Declaration of
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1975, as revised in 2008. The trial protocol (Supplementary Appendix 3) was approved
by the Medical Ethical Committee of the LUMC, under reference number P14.332, and
the study followed the Consolidated Standards of Reporting Trials (CONSORT) report-
ing guideline. The trial was registered at ClinicalTrials.gov (identifier NCT02498106).

Participants

Inclusion criteria were age = 18 years and expected to reside at a facility for long-term
psychiatric in-patient care for at least 6 months, irrespective of their specific psychi-
atric disorder. Exclusion criteria were pregnancy, breastfeeding, contraindication for
nutritional supplements, expected discharge or transfer within 8 weeks, restrictions
against the consumption of pork gelatine and continuous use of other nutritional sup-
plements within the preceding 8 weeks (exceptions included vitamin B1 and vitamin
D, which are mostly prescribed to prevent complications of alcoholism or to treat low
vitamin D plasma levels in Northern countries, respectively, and which entailed no
health risks in combination with this study’s supplements).

Intervention

A 2-week placebo run-in phase was followed by a 6-month nutritional intervention,
during which participants received a daily dose of two capsules containing multi-
vitamins and minerals and one capsule containing n-3 PUFA (i.e. eicosapentaenoic
acid and docosahexaenoic acid ?”; Supplementary Appendix 4). The control group
received three placebo capsules per day, containing the neutral n-9 oleic acid. The
n-3 PUFA content of both nutritional supplements and placebo capsules was checked
during follow-up and showed no noticeable decay. Intervention costs were estimated
at €393 per patient year, of which 80% was for the supplements and 20% was for
distribution (assuming 30 s of nursing staff time per patient per day, at €26 per hour;
Supplementary Appendix 5).

Randomisation

Participants were randomised in a 1:1 ratio, using blocks of 12 participants, and were
stratified by gender and ward type (open or closed). At the end of the study, par-
ticipants and nurses were asked whether they thought the participant had received
supplements or placebo, to check whether blinding had been successful.
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Measurements

Primary outcome variable

The primary outcome in this study was the number of aggressive incidents registered,
as determined by the Staff Observation Aggression Scale - Revised (SOAS-R), created
originally for use in in-patient psychiatric wards @®. The SOAS-R is a quick and easy-
to-use tool, which comprises five columns recording provocation, means used, the
target, consequences and measures taken to stop aggression. Each time an aggressive
incident occurred, nursing staff were expected to complete the SOAS-R. Aggression
was defined as ‘any verbal, nonverbal, or physical behaviour that was threatening (to
self, others, or property) or [any] physical behaviour that actually did harm (to self,
others, or property)’ 229, The SOAS-R total severity score ranges from 0 to 22 points,
with scores of 0-7 indicating mild, 8-15 indicating moderate and 16-22 indicating
severe severity €%, Severity of an incident was also judged on a 100-mm visual ana-
logue scale, ranging from 0 (not severe at all) to 100 (extremely severe). Results on the
psychometric properties of the SOAS-R indicate fair to good interrater reliability, with
an intraclass correlation of 0.96 Y, reported Cohen’s kappas of between 0.61 and 0.74
234 and a Pearson’s product-moment r between independent raters of 0.87 2, The
SOAS-R severity scores indicate significant concurrent validity ®.

Secondary outcome variables

The 11-item Social Dysfunction and Aggression Scale (SDAS) © was completed by
nurses at baseline and after 2 weeks, 2 months and 6 months. In our sample, the
intraclass correlation was 0.76, suggesting moderate stability over time. It is rec-
ommended to use the SDAS in conjunction with the SOAS-R, as the former is more
sensitive to measure more subtle aggression incidents 9. Additionally, patients were
asked to complete several questionnaires at baseline, 2 months and 6 months: A Dutch
version of the shortened 12-item Aggression Questionnaire ¢"3% the 26-item World
Health Organization Quality of Life %% and the abbreviated 25-item version of the
Comprehensive Psychopathological Rating Scale (CPRS) “#2, The CPRS included the
ten-item Montgomery-Asberg Depression Rating Scale “3, the ten-item Brief Anxiety
Scale “Y and a five-item inhibition subscale.

Other variables

Non-fasting blood samples were collected to determine nutritional status and to mon-
itor adherence in those who consented to blood collection (in 82.6% of participantsin
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The Netherlands). Belgian institutions did not collect blood because of pragmatic rea-
sons, as samples were transported through the regular postal service. Blood samples
were collected only if a participant agreed to a venipuncture. Two tubes were collected
(one serum separator and one ethylenediaminetetraacetic acid (EDTA) tube) before
and after the trial, by competent nurses appointed in each institution. Subsequently,
blood samples were sent to the LUMC within 24 h, through the regular postal service.
The samples were stored at —80°C until analysis. Samples were analysed for vitamins
A (retinoids), E (tocopherol), B12 (cobalamin) and D (calciferol), folic acid and iron in
blood serum. Vitamin B1 (thiamine), vitamin B6 (pyridoxine) and a fatty acid spectrum
toyield n-3 fatty acid levels (alpha-linolenic acid, eicosapentaenoic acid, and docosa-
hexaenoic acid) were analysed in EDTA blood samples. Blood level assessments are
described in detail in the Supplementary Material.

Sociodemographic covariates were age, gender, level of education (categorised
into low (primary education, lower secondary education), medium (upper second-
ary education, post-secondary non-tertiary education) and high (tertiary education,
Bachelor’s, Master’s, doctoral)), marital status (never married, ever married (married,
widow/widower or divorced)), ancestry (European, non-European ancestry), smoking
(yes, no), any use of recreational drugs (never, ever, current (past month)) and use of
alcohol (>14 units per week). Body mass index was calculated based on measured
height and weight. Ward type (open, closed), primary diagnosis and medication use
were obtained from the treating psychiatrist.

Statistical analyses

The sample size was based on results of previous literature #51%.1.4548 We assumed
a conservative delta of 26% reduction in the number of incidents, whereby incidents
are modelled according to a Poisson distributed random variable “". Assuming 80%
power, a=0.05 and an overall rate of 4, a final total sample size of 132 was required
to be able to reject the null hypothesis. Assuming a drop-out rate of 25%, we aimed
to include at least 166 patients.

Sociodemographic and clinical characteristics were summarized per allocation,
using independent samples t-test and x?-test. Micronutrient status was assessed with
linear mixed models. The frequency of aggressive incidents was presented as the
back-transformed geometric mean number of incidents per month. Negative binomial
regression analyses were performed to analyse the number of aggressive incidents,
as overdispersion was anticipated. An offset was used to take the log number of days
that a patient participated in the trial into account. We applied triple masking, which
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ensured that the treatment was unknown to the participants and to the nurses and
physicians, as well as the epidemiologist (J.M.G.) who analysed the effect on the pri-
mary outcome but was not part of the coordinating centre.

To investigate the trend of the incidence rate ratio, a negative binomial regression
was performed for each month separately, plotted over time. Incidents were stud-
ied in total and individually, according to their level of severity and type. Sensitivity
analyses were performed in subgroups excluding patients with an extreme number
of incidents (i.e., either zero incidents per month or more than ten incidents per
month), adjusting for baseline SDAS. Post hoc subgroup analyses were performed
for sociodemographic and clinical variables. Differences between the randomised
groups on the secondary outcomes were performed following intention-to-treat (ITT)
analysis, using multilevel regression (mixed) models. In the case of missing data, we
used last observation carried forward for the ITT analyses. x?-Tests were performed
to check whether participants and nurses gave the correct answer more often than
expected by chance, excluding the ones who gave the answer ‘I do not know’. x*-Tests
were also performed to compare the number of side-effects among the randomised
groups. A two-tailed significance level of p <0.05 was considered statistically signifi-
cant. Negative binomial regression analyses were performed with R software within
RStudio (R version 3.6.0 for macOS; R Foundation for Statistical Computing, Vienna,
Austria, 2016; https://www.R-project.org/) and the main package MASS (version 7.3).
All other analyses were performed with IBM SPSS statistical software (version 25, IBM
Corp, 2017, IBM SPSS Statistics for Windows).

Results

We assessed 1121 patients for eligibility and excluded 945 (Fig. 1). The high number of
excluded patients could be explained by the fact that treating psychiatrists regularly
did not give permission to contact certain patients because it might disturb their
treatment plan or therapeutic relationship (n=358). In total, 176 participants were
randomised into the trial (supplements, n = 87; placebo, n = 89), most of whom had a
psychotic disorder (60.8%). The mean age of the participants was 49.3 years (s.d. 14.5),
and 64.2% were male. No significant demographic or clinical group differences were
observed at baseline (Table 1).
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[ Enroliment ] Assessed for eligibility (n = 1,121)

Excluded (n = 945):

= Declined to participate (n = 223)

* Not aggressive (n = 149)

* Non-adherence to medication (n = 68)

* Discharged or transferred within eight
weeks (n = 62)

Using nutritional supplements (n = 21)

Not able to complete run-in (n = 18)

Contra-indication for pork-gelatine (n = 18)

Contra-indication for supplements (n = 17)

Relative or legal representative did not give
informed consent (n = 11)

= Other reasons (n = 358)

’ Randomized (n = 176) ‘

L Allocation ) v

L
Allocated to supplements (n = 87): Allocated to placebo (n = 89):
Received allocated intervention (n = 86) = Received allocated intervention (n = 84)
* Did not receive allocated intervention (n = 1) *  Did not receive allocated intervention (n = 5)
- Refused further participation (n = 1) - Discharged (n =1)

- Refused further participation (n = 4)

v FOHOW—UP v

b J
Discontinued intervention (n = 3): Discontinued intervention (n = 6):
*  Not willing to participate (n= 1) *  Suspected allocation to placebo (n = 2)
* Transferred to other ward (n = 1) * Transferred to other ward (n = 2)
¢ Due to side effects (n=1) * Due to side effects (n =2)
v | Analysis ] v
Analyzed (n = 87): Analyzed (n = 89):

+  Excluded from analysis (n = Q) Excluded from analysis (n = 0)

Fig. 1. Consolidated Standards of Reporting Trials flow diagram of participants through the study

Protocol adherence

In total, 114 participants agreed to blood sampling (82.6% of 138 participants from
The Netherlands) at baseline, endpoint or both. Expected increases were found in the
intervention compared with placebo groups, which were statistically significant for
vitamin B6 (p = 0.005), folic acid (p <0.001), vitamin B12 (p = 0.04), vitamin E (p = 0.02),
eicosapentaenoicacid (p <0.001) and docosahexaenoic acid (p <0.001; Supplementary
Appendix 6).
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Table 1. Baseline characteristics of study participants (N = 176)

Supplements (n=87) Placebo (n=89) pvalue

Demographics
Male gender, no (%) 54 (62.1%) 59 (66.3%) 0.56
Age in years, mean (SD) 49.1(14.2) 49.4 (14.8) 0.88
BMI (kg/m?), mean (SD) 28.9 (6.0) 28.5(7.9) 0.73
Closed ward, no (%) 56 (64.4%) 55 (61.8%) 0.72
Never married, no (%) 63/82 (76.8%) 69/85 (81.2%) 0.49
Education low, no (%) 49/79 (62%) 47/79 (59.5%) 0.74
European ancestry, no (%) 71(81.6%) 70 (78.7%) 0.62
Current smoker?, no (%) 61/86 (70.9%) 64/86 (74.4%) 0.61
Alcohol = 14 U/wk?, no (%) 9/76 (11.8%) 7/82 (8.5%) 0.49
Recreational drugs®, no (%) 46/85 (54.1%) 48/85 (56.5%) 0.76
Clinical data
Primary diagnosis, no (%) 0.97

Psychotic disorder 52 (59.8%) 55 (61.8%)

Mood disorder 8(9.2%) 9 (10.1%)

Personality disorder 9 (10.3%) 9(10.1%)

Other 18 (20.7%) 16 (18.0%)
Medication use

Antipsychotics 76/80 (95.0%) 70/80 (87.5%) 0.09

FGA 42/80 (52.5%) 33/80 (41.3%) 0.15
SGA 60/80 (75.0%) 54/80 (67.5%) 0.29

Antidepressants 31/80 (38.8%) 31/80 (38.8%) 1.00

Benzodiazepines 61/80 (76.3%) 67/80 (83.8%) 0.24

Mood stabilizers 38/80 (47.5%) 35/80 (43.8%) 0.63

Note. Data are number of participants (with percentages in parentheses) or means (with standard
errors in parentheses). BMI=Body Mass Index; First Generation Antipsychotics=FGA; Second Generation
Antipsychotics=SGA.

2Based on last month.

°Ever used.

Primary outcome measures

Figure 2 presents the main outcomes. The primary outcome of SOAS-R incidents was
similarin those assigned to supplements (1.03 incidents per month, 95% CI 0.74-1.37)
and placebo (0.90 incidents per month, 95% Cl 0.65-1.19), with a rate ratio of 1.08
(95% Cl 0.67-1.74, p = 0.75). Also, no significant effects were found according to the
severity or type of aggressive incidents. Sensitivity analyses in subgroups according
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to the number of incidents (i.e., either zero or more than ten incidents per month) did
not influence these results, which also applies to the analysis adjusting for baseline
SDAS score. Supplementary Appendix 7 shows the incidence rate ratio per month
during the 6-month intervention period. The geometrical mean number of incidents
in a curve showed that during the first 2 months after the start of the intervention,
patientsin the intervention group had a slightly higher (but not significant) rate of ag-
gressive incidents compared with those receiving placebo. As shown in Supplementary
Appendix 8, subgroup analyses showed no evidence for effect modification by other
variables, except for antipsychotic use. In the small subgroup of participants not
using antipsychotics (n = 14), supplements showed a beneficial effect compared with
placebo (p=0.004).

Fig. 2. Effectiveness analyses on primary outcome. The mean is the geometrical mean number of inci-
dents per month. Severe: 16 - 22; Moderate: 8 - 15; Mild: 0 - 7; High VAS: = 5; Low VAS: < 5. SDAS, Social
Dysfunction and Aggression Scale; VAS, visual analogue scale.

Secondary outcome measures
Asseenin Table 2, an ITT approach showed that nutritional supplementation did not
significantly affect any of the secondary outcomes. In detail, no differential effects for

supplements versus placebo were found for either self- and observer-rated aggression,
quality of life, depression severity, anxiety severity or inhibition.
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Table 2. Intention to treat analyses of the effectiveness on secondary outcomes

n Baseline 2weeks 2months 6months Interaction:
score * time
Test P

SDAS Supplements 84 9.2(0.9) 82(0.9) 7.9(0.8) 7.7(0.8) F(df. 1)=0.016  0.90
Placebo 84 9.6(0.9) 8.0(0.7) 8.4(0.8) 7.8(0.7)

AQ Supplements 84 30.4(1.2) - 28.7(1.2) 30.1(1.2) F(df. 1)=0.576  0.45
Placebo 84 32.0(1.1) - 30.9(1.0) 30.8(1.0)

Anger Supplements 82 7.5(0.4) - 7.0 (0.4) 7.2 (0.4) F(df. 1)=0.006  0.94
Placebo 84 8.2(0.4) - 7.8(0.4) 7.9(0.3)

Hostility Supplements 84 9.0(0.4) - 8.6 (0.4) 8.8 (0.4) F(df. 1)=0.319  0.57
Placebo 82 9.5(0.4) - 9.6 (0.4) 9.0(0.4)

Physical aggression ~ Supplements 82 7.3(0.4) - 6.8 (0.4) 7.0 (0.4) F(df. 1)=0.052  0.82
Placebo 83 7.1(0.4) - 6.8(0.3) 6.8(0.4)

Verbal aggression Supplements 81 6.4 (0.4) - 6.4 (0.4) 6.8 (0.4) F(df. 1)=0.958 0.33
Placebo 82 7.4(0.3) - 7.0(0.3) 7.4(0.3)

WHO-QOL Supplements 77 87.4(2.0) - 85.2(2.1) 85.8(2.0) F(df.1)=0.596  0.44
Placebo 79 83.5(1.9) - 83.6(1.8) 84.0(1.8)

Physical health Supplements 78 13.2(0.4) - 13.0(0.4) 13.2(0.4) F(df.1)=0.001 0.98
Placebo 78 12.6(0.4) - 12.7(0.3) 12.8(0.3)

Psychological health  Supplements 78 12.6(0.4) - 12.7(0.4) 12.4(0.4) F(df.1)=0.952 0.33
Placebo 77 12.4(0.4) - 12.4(0.3) 12.7(0.4)

Social relationships ~ Supplements 78 12.9(0.4) - 12.6(0.4) 12.6(0.5) F(df.1)=0.687 0.41
Placebo 74 126(0.4) - 12.5(0.4) 12.9(0.4)

Environment Supplements 78 14.4(0.3) - 13.8(0.4) 14.1(0.3) F(df. 1)=0.105 0.75
Placebo 79 13.7(0.3) - 13.8(0.3) 13.5(0.3)

MADRS Supplements 69 13.0(1.3) - 12.2(1.3) 12.5(1.2) F(df.1)=0.021  0.89
Placebo 71 13.3(1.3) - 13.0(1.3) 13.2(1.2)

BAS Supplements 69 12.0(1.0) - 10.7(0.9) 11.5(0.9) F(df.1)=0.033 0.86
Placebo 68 11.8(0.9) - 11.6(0.8) 11.6(0.8)

Inhibition Scale Supplements 70 4.7 (0.5) - 4.0(0.5) 4.1(0.4) F(df. 1)=0.462  0.50
Placebo 71 4.7(0.5) - 4.6 (0.5) 4.6 (0.5)

Note. Data are means (with standard errors in parentheses). SDAS=Social Dysfunction and Aggression
Scale, observer rated; AQ=Aggression Questionnaire; WHO-QOL=World Health Organization Quality of

Life; MADRS=Montgomery-Asberg Depression Rating Scale; BAS=Brief Anxiety Scale.

Blinding

Blinding was successful among participants, who guessed correctly whether they

had been taking the supplements or placebo no more frequently than incorrectly

(p=0.44). Nurses who distributed the supplements, however, more frequently guessed
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the randomised condition of the participants correctly (n = 38 out of 55; 69.1% correct;
p =0.005). Still, the majority of both participants (n = 48 out of 116; 41.4%) and nurses
(n=75 out of 130; 57.7%) answered with ‘| do not know’.

Adverse effects

At least one side-effect was reported by 15 out of 73 patients in the control group
(20.5%) and 17 out of 74 patients in the intervention group (23.0%; p = 0.72; see
Supplementary Appendix 9). Burping (p = 0.049) and rash (p = 0.04) were significantly
more frequently reported by participants in the intervention group compared with the
control group, with burping being the most frequently reported (11.1 v. 2.8%). In total,
two participants died during the trial (supplements, n = 1; placebo, n = 1). The age of
these participants was 55 and 83 years. Reasons of death were respiratory disease and
cardiac arrest, respectively. This was confirmed by their physicians, who all judged
that there were no causal relationships with the supplements.

Discussion

Our findings provided no support for the effectiveness of multivitamin, mineral and
n-3 PUFA supplementation in reducing the number of aggressive incidents among
psychiatric in-patients during a 6-month intervention. Post hoc analyses according to
the severity or type of aggressive incidents corroborated this conclusion. No differenc-
es were found between the randomized groups regarding the secondary outcomes,
including self- and observer-rated aggression, quality of life and affective symptom
severity.

The current study is the first to investigate the effect of nutritional supplements in
in-patients suffering from chronic psychiatric disorders. These patients are often not
included in clinical trials, leading to a lack of evidence for effective care and treatment
“8), In previous trials that investigated the effect of nutritional supplements on aggres-
sive incidents, patients with psychosis were often excluded ?%21232% or no information
on the use of psychotropic medication was given %9, Our sample included partici-
pants with psychotic disorders (60.8%), a vast majority of whom were using antipsy-
chotics (91.2%). The extensive use of antipsychotics in our population may have led to
a ceiling effect, as antipsychotics are prescribed to mitigate agitation and aggression
“9) creating a situation in which no additional effect of a nutritional intervention could
be found. Additionally, adverse effects of antipsychotics comprise gastrointestinal
and metabolic side-effects, which may result in dysbiosis 2%, the disruption of the
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bacterial species of the gut microbiota, which could potentially adversely affect mood
and behaviour through the gut-brain axis ©®. Note that an exploratory analysis of the
subsample of patients with psychosis who did not use antipsychotic agents in the
current study did suggest a reduction of incidents among the patients with psychosis
who had taken the nutritional supplements. Furthermore, an exploratory trial includ-
ing acute patients with schizophrenia treated with antipsychotic medication found
no effect of n-3 PUFA supplementation on hostility compared with the control group
61, In addition, the incidents of the patients with psychosis in the current study may
comprise different forms of aggression than those expressed by participants in previ-
ous trials, such as aggression resulting from the nature of their psychiatric disorders,
like paranoid delusions 2. Moreover, aggressive behaviours in psychiatric patients
may be masked by the complex interaction of different causal factors.

Besides the different study populations, there may be several other explanations
for the discrepant findings of the current study with previous trials showing beneficial
effects ®5%9, The current study was the first to investigate the intervention among older
patients, with a mean age of 49.3 years, whereas the mean age of participants from
earlier forensic and youth trials ranged from 5 to 25 years. This is important as sup-
plementation may have different effects across the lifespan, depending on the stages
of brain development 2, Second, although some studies used a similar combination
of multivitamins, minerals and n-3 PUFA #516.20.21.24 'many others did not include n-3
PUFA in their active treatment arm (71%.22.23: n_3 PUFA is known to be involved in brain
structure and function . Dosages in prior studies varied in their recommended daily
allowance (RDA), but two studies used substantially higher dosages . One of these
two studies was a recently published three-arm trial that demonstrated that partic-
ipants in the RDA group showed significantly less serious rule violations, whereas
the participants in the higher-dose supplement group did not, compared with the
placebo group *8. In our trial, we used relatively high dosages of B vitamins because
a meta-analysis showed increased beneficial effects on perceived stress and hostility
in the trials that used higher doses of B vitamins . Furthermore, the duration of the
exposure in our trial was relatively long (6 months) compared with previous trials,
which had a median intervention period of 3 months (ranging from 70 to 142 days). The
longer exposure used in our study ensured the minimal duration of supplementation
to establish equilibration of n-3 PUFA into different organs, including the brain ©. Our
sample size of 176 participants was comparable to earlier trials, with a median number
of randomised participants of 209 (ranging from 62 to 468).
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In line with our primary outcome, we found no evidence for improvements on self-
and observer-rated aggression questionnaires. However, previous trials that found
significant aggression reductions also did not observe improvements on self- and
observer-rated aggression questionnaires. This suggests that supplements affect
objectively observed aggressive incidents more than subjectively perceived aggressive
feelings and behaviour (518.20.24),

Some limitations need to be discussed. First, we were obliged to be explicit
toward potential participants about our aim to reduce aggressive incidents. As a
consequence, patients, especially the more aggressive ones, were often not willing
to participate *®. Second, nurses had to complete the SOAS-R in addition to writing
up a description of the event in the patient records. Because of the high workload
in psychiatric care, some (milder) incidents could have been missed. However, this
phenomenon likely occurred in equal proportions in both randomised groups, and
no beneficial effect was found for severe incidents, which were unlikely to be missed.
In addition, using two different instruments (i.e., the incident-based SOAS-R and the
SDAS based on the preceding week) simultaneously in the recording of aggressive
behaviour gave us more complete information on the effects of the intervention ©°),
Third, although blinding was effective in participants, retrospectively, nurses often
guessed the participant condition correctly. Fourth, as included participants were
diagnosed with diverse psychiatric disorders, we cannot exclude the possibility that
nutritional supplements would be beneficial within one specific kind of psychiatric
disorder. Yet, subgroup analyses performed according to the diagnosis (i.e., psychotic
disorder versus other) showed no evidence for effect modification. Fifth, participants
from Belgium could not provide blood samples because of logistical reasons. Finally,
no information was gathered about dietary habits, as most of our participants suffered
from mental disorders characterised by disruptions in thought processes and were
therefore less likely to complete food frequency questionnaires accurately.

In summary, this is the first randomised controlled trial that studied the effect of
nutritional supplementation among long-stay psychiatric in-patients. Despite some
promising effects of nutritional supplementation on aggressive incidents found in pre-
vious studies, we found no evidence of effect in chronically ill psychiatric in-patients.
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Supplementary Material 1. Characteristics of psychiatric inpatients versus controls

Psychiatric inpatients (n=21) Controls (n=38) Pvalue?
Age in years, mean (SD) 40.0(13.1) 46.7 (16.3) 0.11
Male gender, no (%) 14 (66.7%) 18 (47.4%) 0.12
Higher education, no (%) 5 (23.8%) 30 (78.9%) <0.001
BMI (kg/m?), mean (SD) 26.9(7.8) 24.4(3.6) 0.11
Dutch Nationality, no (%) 14 (66.7%) 38 (100%) <0.001
Alcohol =14 U/wk, no (%) 1(4.8%) 12 (31.6%) 0.02
Current smoker, no (%) 21 (100%) 15 (39.5%) <0.001
Recreational drugs, no (%) 8 (38.1%) 0 (0%) <0.001
Unmarried, no (%) 21 (100.0%) 10 (26.3%) <0.001
Physically active, no (%) 5(23.8%) 18 (47.4%) 0.07
Psychotropic use, no (%) 21 (100.0%) 0(0.0%) <0.001

Note. Data are number of participants (with percentages in parentheses) or means (with standard errors

in parentheses). BMI=Body Mass Index.

2 Chi-square values have been computed for categorical variables, t-test for independent samples for

interval variables.
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Supplementary Material 2. Comparison of dietary intake of food groups and micro(nutrients) in
psychiatric inpatients versus controls

Psychiatric Controls Adjusted Mean pyalue?
inpatients (n=21) (n=38) difference

Total caloric intake® 1700 (120.8) 2016 (90.7) -316 (-620; -13) <0.001
Total protein, g 69.0 (2.9) 72.6(2.1) -3.71(-11.4;3.96) 0.34
Vegetable protein, g 31.9(1.7) 30.9(1.2) 1.00 (-3.34;5.34) 0.65
Animal protein, g 37.1(3.0) 41.7(2.2) -4.65(-12.6;3.27) 0.24
Total fat, g 62.3(2.6) 63.7(1.9) -1.32(-8.09; 5.45) 0.70
Saturated fatty acids, g 23.6(1.2) 23.8(0.8) -0.19(-3.23;2.84) 0.90
Monounsaturated fatty acids, g 20.7 (1.1) 22.4(0.8) -1.71 (-4.57; 1.15) 0.24
Poly unsaturated fatty acids, g 12.1(0.9) 11.2(0.7) 0.90 (-1.55; 3.36) 0.47
Trans fatty acids, g 1.22(0.1) 1.48(0.1) -0.26 (-0.49;-0.03) 0.03
a-Linolenic acid (ALA, mg) 0.98 (0.1) 0.94(0.01) 0.04 (-0.13; 0.20) 0.68
Eicosapentaenoic acid (EPA, mg) 0.02 (0.02) 0.06 (0.01) -0.04 (-0.08; 0.001) 0.056
Docosahexaenoic acid (DHA, mg) 0.04 (0.02) 0.10(0.02)  -0.06(-0.12;-0.004) 0.035
Cholesterol, mg 140 (12) 200 (8.6)  -60.8(-92.2;-29.5)  <0.001
Total carbohydrates, g 262 (7.9) 224 (5.6) 38.1(17.6;58.7) <0.001
Total mono and disaccharides, g 149 (6.8) 105 (4.8) 44.1(26.4;61.7) <0.001
Total polysaccharides, g 112 (6.0) 119 (4.3) -6.32(-21.9;9.31) 0.42
Total dietary fibre, g 20.7 (1.3) 23.2(0.9) -2.53(-6.00;0.92) 0.15
Calcium (mg) 919 (78.5) 857 (56.1) 62.2 (-143;267) 0.55
Iron (mg) 11.2 (0.5) 11.7(0.3) -0.50 (-1.71;0.72) 0.41
Zinc (mg) 7.8(0.4) .0(0.3) -1.17 (-2.21;-0.12) 0.03
Copper (mg) 2.6(0.3) .3(0.2) 1.25(0.58;1.92) <0.001
Magnesium (mg) 327(13.6) 336 (9.7) -9.18 (-44.7; 26.3) 0.61
Selenium (ug) 34.1(1.9) 43.2 (1.4) -9.15 (-14.2; -4.06) 0.001
lodine (pg) 27.0(3.2) 46.1(2.3) -19.1(-27.5;-10.7) <0.001
Vitamin A (retinol, mg) 305 (136.3) 624 (97.4) -319 (-675; 37.5) 0.08
Beta carotene (g) 2.50(0.2) 2.03(0.2) 0.47(-0.14;1.08) 0.13
Thiamin (vitamin B1,mg) 1.03(0.1) 1.14 (0.0) -0.11 (-0.25; 0.03) 0.12
Riboflavin (vitamin B2,mg) 1.41(0.1) 1.30(0.1) 0.11(-0.15;0.36) 0.40
Niacin (Vitamin B3, mg) 15.4(0.9) 18.4(0.7) -2.97 (-5.35;-0.59) 0.02
Pyridoxine (vitamin B6, mg) 1.35(0.1) 1.70 (0.0) -0.36 (-0.54;-0.18) <0.001
Folates naturally occurring,(ug) 198 (11.6) 201 (8.3) -2.89(-33.2;27.4) 0.85
Cobalamin (vitamin B12, pg) 3.18(0.5) 4.23(0.4) -1.05(-2.42;0.33) 0.13
Vitamin C (mg) 106 (9.1) 97.8 (6.5) 8.36 (-15.4;32.1) 0.48
Vitamin D (ug) 1.74(0.3) 2.57(0.2)  -0.83(-1.49;-0.16) 0.02
Vitamin E (mg) 9.45 (0.7) 9.35(0.5) 0.10 (-1.75; 1.95) 0.91

Data are (adjusted) means (with standard errors in parentheses) and adjusted mean differences (with 95%
confidence intervals in parentheses). Adjusted values were calculated with analysis of variance adjusted
for gender, age, BMI, and total caloric intake.
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Supplementary Material 4. Doses of previous studies including the current study

Previous studies

&> S
0'5 % o © =2
E E S g = S Q g PSYVA
s £ g ¢ § g § § &
s s 5 2 £ ‘S E @ =
s 5 & 8§ S § § 5 &8
[%2] [%] (O] N << — [ o @
Minerals
Potassium (mg) 4 4 50 40 40 192
Calcium (mg) 122 200 100 100 100 162 162 1056
Manganese (mg) 3 1 3 3 3 2 2 2 177 5
Iron (mg) 18 9 12 12 5 12 7.2 10.8 8
Zinc (mg) 15 8 15 15 12 5 15 8.3 38.4 7.5
Copper (mg) 2 1 2 2 0.5 1 0.9 5.8 0.5
Magnesium (mg) 59 80 30 100 100 100 94 20 480
Molybdenum (pg) 250 120 250 250 150 50 120 13
Selenium (pg) 100 50 50 50 22 30 55 168 75
Chromium (pg) 100 50 200 200 70 40 50 504 13
lodine (ug) 150 75 140 140 100 100 130 160 163 150
Lithium (pg) 500
Sulfur (mg) 500
Phosphorus (mg) 125 672
Chloride (mg) 36.3
Vitamins
A (Retinol, mg) 1.5 0.75 0.75 0.75 0.6 0.8 0.4 0.8 1.4
A (Beta carotene, mg) - - 0.13 6
B1 (Thiamin, mg) 4.5 0.75 1.2 1.2 20 1.4 6 1.4 48 15
B2 (Riboflavin, mg) 5.1 0.9 1.6 1.6 20 1.75 3 1.75 14.4 15
B3 (Niacinamide, mg) 60 10 18 18 25 20 18 20 72 20
B5 (Pantothenic acid, mg) 30 5 4 4 15 7.5 6 7.5 24 15
B6 (Pyridoxine, mg) 30 1 2 2 40 2 8 2 56 5
Folicacid / B11 (pg) 400 200 400 400 100 200 400 200 640 400
B12 (Canocobalamin, pg) 18 3 3 3 500 2.5 15 2.5 720 25
Biotin (ug) 150 100 100 150 62.5 75 864 25
C (Ascorbic acid, mg) 120 40 60 60 600 100 80 100 480 100
D3 (Cholecalciferol, pg) 5 5 10 5 7.5 5 20 5 60 25
E (D-alpha-tocopherol, mg) 80 10 10 10 270 15 8 15 200 53
K (png) 50 50 30 30 96
Other
Inositol (mg) 40 100 144
Benzoic acid (mg) 50
Choline (mg) 40 250 432
Fatty acids
Linoleic acid (mg) 1260 10 400
y-Linolenic acid (mg) 160 100
EPA (mg) 80 400 165 200 329
DHA (mg) 44 400 673 116 300 219

2 Dosage was adjusted based on baseline measured body weight up to a maximum of 100 |bs. The dosage

shown is for a 60 Ibs child.

b Target dose was based on the response rates.
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Supplementary Material 5. Average costs (in €) per patient year, by randomization group

Supplementation Placebo Difference

Frequency  Costs Frequency  Costs Costs pvalue
Supplements? 314 0 314 -
Distribution 79 0 79 -
Total intervention costs 393 0 393 -
Verbal incidents 3.9 197 2.3 114 83 0.16
Physical against objects 1.4 122 0.9 76 46 0.20
Physical self-harm 1.9 223 1.9 224 -1 0.99
Physical against others 15.2 2,985 16.5 3,241 -256 0.79
Total aggression costs 22.4 3,526 21.5 3,655 -128 0.90
Total healthcare costs 3,919 3,655 264 0.81

@ Reported costs are for the supplements used in the study. Less expensive supplements are available
for €69 per patient year
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Micronutrient n Baseline n Follow-up Test for interaction
(mean + SE) (mean + SE) (time * group)

Vitamin A (umol/L):
Supplement 45 245+0.10 33 268 +0.12 —a— F(df. 1) = 3.68; P =0.06
Placebo 52 226+0.10 44 221 +0.10 ——

Vitamin B1 (nmol/L):
Supplement 44 13217 32 19.3+20 . F(df. 1) = 2.74;P=0.10
Placebo 49 132+16 41 141 +17 ——

Vitamin B6 (nmol/L):
Supplement 45 86.7 +9.89 33 129.0 £ 115 —a— F(df. 1) = 7.97; P =0.005
Placebo 51 59.6+929 43  51.8=10.1 ——

Folic Acid (nmol/L):
Supplement 44 104 =11 33 268+12 —— F(df. 1) =53.40; P < 0.001
Placebo 52 103+10 44 105+11 —i—

Vitamin B12 (pmol/L):
Supplement 44 439+282 33  547+309 — F(df 1)= 422;P =004
Placebo 52 367 +26.0 44 397 +27.4 ——

Vitamin D3 (nmol/L):
Supplement 44 985+6.0 33 1120+65 —— F(df. 1) = 2.86; P =0.09
Placebo 52  88.0£56 44 89758 ——

Vitamin E (umol/L):
Supplement 45 279+12 33 325+13 —— F(df 1)= 517;P =002
Placebo 52 27.0+11 44 275+12 ——

Iron (umol/L):
Supplement 44 162+09 33 175+10 —— F(df. 1)= 2.34,P=0.13
Placebo 52 148 +0.8 44 13.9+£09 ——

EPA (mass%):

Supplement 45  080+008 33  1.64+0.09 —— F(df. 1) = 20.85; P < 0.001
Placebo 52 0.65+007 44  092:0.07 —i—

DHA (mass%)
Supplement 45  285+015 33  520£0.17 —— F(df. 1) = 24.09; P < 0.001
Placebo 52 242:014 44 3562015 ——

Supplementary Material 6. Changes in micronutrient levels between supplementation and placebo
Note. Reference values as used by the LUMC: Vitamin A=0.7 - 2.6; Vitamin B1=78 - 143; Vitamin B6=51 - 183;
Folic acid=8.8 - 60.8; Vitamin B12=150 - 700; Vitamin D=50 - 250; Vitamin E=16.0 - 41.0; Iron=C" 14 - 35;
Iron=% 10-25.
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Chapter 7

Supplementary Material 7. Effect on aggressive incidents over time during 6 months of supplementation

Supplementary Material 8. Subgroup analyses of the effect of supplementation on aggressive incidents
according to demographic and clinical data
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Effect of supplementation on aggression

Supplementary Material 9. Adverse effects in both groups

Side effect Placebo Supplements p value
Any side effect, no (%) 15 (20.5%) 17 (23.0%) 0.72
Nauseous, no (%) 4 (5.6%) 2 (2.7%) 0.39
Diarrhea, no (%) 3 (4.2%) 6 (8.2%) 0.31
Burping, no (%) 2 (2.8%) 8(11.1%) 0.049
Tiredness, no (%) 3 (4.2%) 4 (5.5%) 0.71
Rash, no (%) 0 (0.0%) 4 (5.5%) 0.04
Headache, no (%) 3 (4.2%) 3(4.1%) 0.99
Sleep problems, no (%) 2 (2.8%) 3(4.1%) 0.66
Weight gain, no (%) 2 (2.8%) 2 (2.7%) 0.99
Weight loss, no (%) 3(4.2%) 1(1.4%) 0.30
Other, no (%) 5 (6.9%) 3(4.1%) 0.44
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