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Abstract  

 

Violence and aggression in children and adolescents is of worldwide public health concern.1 

Given the multitude of serious implications associated with violent crime such as costs to 

victims, taxpayer dollars and heightened safety concerns; early intervention is particularly 

important.2 Psychiatry is at an important juncture with few psychiatric pharmaceuticals on the 

horizon and unfavourable, long-term, risk-benefit profiles for many of the existing agents. The 

use of pharmaceuticals in violent and aggressive children and adolescents is limited due to the 

negative impact on growth and development, risk of adverse effects and lack of safety and 

efficacy data available.3 Evidence-based effective and safe therapies for the management of 

youth with violent and aggressive behavioural disorders are crucially needed. 

 

In recent years there has been an increase in both the quantity and methodological quality of 

research exploring the relationship between micronutrients and mental health.4 

Neuroscientists have identified nutrients required for the synthesis of neurotransmitters, gene 

regulation and antioxidant protection.5,6 Changes in concentrations of different micronutrients 

as well as other organic and inorganic compounds may contribute to aggressive behaviour.7,8  

 

The need for novel diagnostic techniques and interventions for children and adolescents with 

violent and aggressive behavioural disorders has been identified.9,10 Micronutrients that target 

biochemical imbalances that are identified by clinical examination and pathology may be a 

novel therapeutic option to improve behaviour, with minimal side effects.10,11 Due to the 

individualised nature of diagnosis and treatment, the use of micronutrient therapy to target 

biochemical imbalances has primarily anecdotal evidence. A retrospective review of 

prescribing patterns, diagnostic instruments and patient outcomes was conducted to evaluate 

available evidence and identify key trends for micronutrient therapy in violent and aggressive 

males. This study led to the development of a data collection instrument, and highlighted 

elevated urinary hydroxyhemopyrroline-2-one (HPL) and elevated plasma copper/zinc ratios as 

common biochemical imbalances present in violent and aggressive youth. It was also identified 

in the retrospective review that micronutrients such as zinc, vitamin B6, vitamin E, vitamin C 

and chromium were often prescribed at doses above the Australian recommended daily 

intake12 and paediatric guidelines,13,14 but appeared to be well tolerated. 

 

There is no ‘gold-standard’ outcome measure for the evaluation of violent and aggressive 

behaviours in youth receiving pharmacological intervention.9,15 In addition, findings from the 
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retrospective review emphasised the need to identify appropriate efficacy outcome measures 

used in this population. Therefore, a review to evaluate the psychometric and administrative 

properties, and the applicability of instruments used to measure the efficacy of 

pharmacotherapy in violent and aggressive youth was conducted. The review identified that 

the majority of instruments contained few items specific to violent and aggressive behaviours, 

and that these behaviours were often conflated with oppositional and defiant symptoms. It 

was found that all items in the Children’s Aggression Scale (CAS) and the Modified Overt 

Aggression Scale (MOAS) could be used to measure violent and/or aggressive behaviours. The 

CAS was the most psychometrically sound and useful instrument that could be used to 

exclusively measure aggressive behaviours in youth. 

 

A 16 week, open-label, clinical trial of 31 males aged four to 14 who displayed ongoing violent 

and aggressive behaviours was conducted. The participants received a standardised 

micronutrient intervention containing vitamin E, vitamin C, biotin, chromium, pyridoxal-5-

phosphate, vitamin B6, selenium and zinc. Primary outcomes were ratings of violent and 

aggressive behaviours, measured using the CAS and the MOAS. Secondary outcomes were 

health-related quality of life (HRQoL) and family functioning. Plasma zinc, plasma copper, 

copper/zinc ratio and urinary HPL tests were conducted at baseline and endpoint. 

Micronutrient therapy significantly improved parent reported aggressive and violent 

behaviours measured using the CAS for all domains except the use of weapons, with medium 

to large effect size, and the MOAS, with large effect size. Parent reported HRQoL and family 

functioning also significantly improved. Micronutrient therapy appeared well tolerated, with a 

favourable side effect profile. The feasibility study identified important strengths in the open-

label study that should be replicated in future studies and suggestions for the successful 

conduct of future research including randomised controlled trials, longitudinal or follow-up 

studies.    

 

This is the first investigation of a standardised micronutrient intervention for violent and 

aggressive behaviour disorders in male children and adolescents. Significant improvements in 

parent reported violent and aggressive behaviours as well as HRQoL and family functioning 

were found which could potentially bridge a therapeutic gap and change current practices in 

mainstream medicine. Results from the systematic review, evaluation of outcome measures 

and feasibility analysis should assist, and have an impact on, future research and clinical trials.   

 



iii 
 

Statement of originality 

 

This work has not previously been submitted for a degree or diploma in any university. To the 

best of my knowledge and belief, the thesis contains no material previously published or 

written by another person except where due reference is made in the thesis itself. 

 

Jessica Lee Hambly 

 

 



iv 
 

Acknowledgements 

 

Firstly, I would like to thank my principal supervisor, Dr Alison Haywood, for giving me the 

opportunity to undertake this PhD project. I am very grateful for her endless guidance, support 

and friendship throughout my candidature. I would also like to thank my Associate Supervisor, 

Dr Sohil Khan, for his enthusiasm, encouragement and support. 

 

I would like to acknowledge Griffith University for providing me with an Australian 

Government Research Training Program Scholarship to financially support my doctoral studies.  

I am also grateful to all my friends and faculty members from the School of Pharmacy, Menzies 

Health Institute Queensland, Griffith University for their ongoing support and encouragement.  

 

I would like to specifically thank Mr Chris Testa, Mrs Angela Testa and staff at Tugun 

Compounding Pharmacy, for all their input, contributions, support and guidance throughout 

the project. 

 

I wish express my appreciation to Dr Kelly Francis, the reception and nursing staff at the 

Happiness in Health Clinic and Mr Brett Lambert and staff at Applied Analytical Laboratories 

for their extensive contributions and support to the research. 

  

I would also like to express my gratitude to Dr William Walsh, The Walsh Research Institute 

America, Bio-Balance Australia, Professor Brett McDermott and Dr William Bor for their 

valuable suggestions and guidance throughout my studies. 

 

Most importantly, I would like to give sincere thanks and appreciation to my patients and their 

families for participating in my study. It was such a great privilege to be involved in their care. 

Making a difference in their lives was the most rewarding part of this journey. 

 

Finally, I would like to thank my partner Kristian, my parents, family and friends. Their 

continuous love, support and encouragement enabled me to successfully complete my studies. 

I am so glad I can share this accomplishment with them. 

  

  



v 
 

Table of contents 

 

Abstract ...............................................................................................................................i 

Statement of originality ...................................................................................................... iii 

Acknowledgements ............................................................................................................ iv 

Table of contents ................................................................................................................. v 

List of abbreviations ............................................................................................................ x 

List of tables ..................................................................................................................... xiv 

List of figures .................................................................................................................... xvi 

List of equations .............................................................................................................. xvii 

List of publications and conferences ................................................................................ xviii 

Chapter 1. Introduction and thesis overview ................................................................... 1 

1.1 Background and significance....................................................................................................... 1 

1.2 Hypothesis, aims and objectives ................................................................................................. 3 

1.2.1 Hypothesis .......................................................................................................................... 3 

1.2.2 Aims and objectives ............................................................................................................ 3 

1.3 Overview of the thesis ................................................................................................................ 4 

Chapter 2. Pharmacotherapy of conduct disorder ........................................................... 5 

2.1 Background and significance....................................................................................................... 5 

2.1.1 The mental health of young Australians ............................................................................ 5 

2.1.2 Aggressive and violent behaviours in children and adolescents ........................................ 5 

2.1.3 Conduct disorder ................................................................................................................ 6 

2.1.4 Pharmacotherapy in conduct disorder ............................................................................... 7 

2.2 Aims and objectives .................................................................................................................... 7 

2.3 Methods ...................................................................................................................................... 8 

2.3.1 Search strategy ................................................................................................................... 8 

2.3.2 Inclusion and exclusion criteria .......................................................................................... 8 

2.3.3 Data analysis ...................................................................................................................... 8 

2.4 Results ......................................................................................................................................... 9 

2.4.1 Search results ..................................................................................................................... 9 

2.4.2 Characteristics of the included studies ............................................................................. 10 

2.4.3 Study quality ..................................................................................................................... 14 

2.4.4 Evidence:  safety, efficacy and HRQoL .............................................................................. 14 

2.4.5 Antihypertensives ............................................................................................................. 17 

2.4.6 Antipsychotics .................................................................................................................. 17 

2.4.7 Anticonvulsants ................................................................................................................ 17 

2.4.8 Mood stabilisers ............................................................................................................... 18 

2.4.9 Psychostimulants .............................................................................................................. 18 



vi 
 

2.4.10 Selective noradrenaline reuptake inhibitors (SNRI) .......................................................... 18 

2.5 Discussion ................................................................................................................................. 19 

2.5.1 Antihypertensives ............................................................................................................. 19 

2.5.2 Antipsychotics .................................................................................................................. 19 

2.5.3 Anticonvulsants ................................................................................................................ 20 

2.5.4 Mood stabilisers ............................................................................................................... 21 

2.5.5 Psychostimulants .............................................................................................................. 21 

2.5.6 Selective norepinephrine reuptake inhibitors (SNRI) ........................................................ 22 

2.5.7 Limitations of the review .................................................................................................. 22 

2.5.8 Future directions for research and practice ..................................................................... 22 

2.6 Conclusion ................................................................................................................................. 23 

Chapter 3. An introduction to micronutrient therapy .................................................... 24 

3.1 Nutritional psychiatry ............................................................................................................... 24 

3.2 Micronutrient therapy and biochemical imbalances ................................................................ 25 

3.2.1 Mechanism of action of micronutrients in mental health ................................................ 26 

3.3 The role of biomarkers in targeted micronutrient therapy ...................................................... 27 

3.4 An overview of biochemical imbalances targeted by micronutrient therapy .......................... 27 

3.4.1 Methylation ...................................................................................................................... 28 

3.4.2 Elevated copper, low zinc ................................................................................................. 30 

3.4.3 Pyrrole disorder ................................................................................................................ 31 

3.4.4 Toxic metal overload ........................................................................................................ 33 

3.4.5 Other biochemical imbalances ......................................................................................... 33 

3.5 Micronutrient therapy as an intervention in violent and aggressive children and adolescents

 34 

3.5.1 Micronutrient therapy for violence and aggression ......................................................... 35 

3.5.2 Biochemical profiles and potential biomarkers in violent and aggressive children and 

adolescents ........................................................................................................................................ 37 

3.5.3 Challenges in clinical studies of micronutrient interventions ........................................... 39 

Chapter 4. A retrospective observational study of micronutrient therapy in male children 

and adolescents with violent and aggressive disorders ....................................................... 40 

4.1 Background and significance..................................................................................................... 40 

4.2 Aims and objectives .................................................................................................................. 41 

4.3 Methods .................................................................................................................................... 41 

4.3.1 Study design ..................................................................................................................... 41 

4.3.2 Study population, location and duration .......................................................................... 41 

4.3.3 Inclusion criteria and search strategy .............................................................................. 41 

4.3.4 Development of data collection instrument ..................................................................... 41 

4.3.5 Data collection ................................................................................................................. 42 

4.3.6 Data analysis .................................................................................................................... 42 



vii 
 

4.4 Results ....................................................................................................................................... 42 

4.4.1 Instrument development .................................................................................................. 42 

4.4.2 Participant screening ........................................................................................................ 47 

4.4.3 Characteristics of the population ..................................................................................... 48 

4.4.4 Family history ................................................................................................................... 50 

4.4.5 Frequently reported signs, symptoms and traits .............................................................. 51 

4.4.6 Biochemical markers ........................................................................................................ 52 

4.4.7 Interventions prescribed ................................................................................................... 54 

4.4.8 Efficacy ............................................................................................................................. 56 

4.4.9 Safety and tolerability ...................................................................................................... 57 

4.5 Discussion ................................................................................................................................. 58 

4.5.1 Limitations of the study .................................................................................................... 61 

4.5.2 Future directions for research and practice ..................................................................... 61 

4.6 Conclusion ................................................................................................................................. 62 

Chapter 5. Instruments for evaluating pharmacotherapy intervention efficacy in violent 

and aggressive behaviour and conduct disorder in youth .................................................... 63 

5.1 Background and significance..................................................................................................... 63 

5.2 Aims and objectives .................................................................................................................. 64 

5.3 Methods .................................................................................................................................... 64 

5.3.1 Search strategy ................................................................................................................. 64 

5.3.2 Psychometric and administrative evaluation ................................................................... 65 

5.3.3 Applicability to violence and aggression research ........................................................... 68 

5.4 Results ....................................................................................................................................... 71 

5.4.1 Nisonger Child Behaviour Rating Form (NCBRF) .............................................................. 74 

5.4.2 Conners’ 3
rd

 Edition .......................................................................................................... 74 

5.4.3 The Behaviour Problems Inventory (BPI-01) ..................................................................... 75 

5.4.4 The Children’s Aggression Scale (CAS) .............................................................................. 76 

5.4.5 Aberrant Behaviour Checklist (ABC) ................................................................................. 76 

5.4.6 The Disruptive Behaviour Disorders Rating Scale (DBDRS) .............................................. 77 

5.4.7 The Child Behaviour Checklist (CBCL) ............................................................................... 77 

5.4.8 Modified Overt Aggression Scale (MOAS) ........................................................................ 78 

5.4.9 The Swanson, Nolan and Pelham Teacher and Parent Rating Scale (SNAP-IV) ................ 79 

5.5 Discussion ................................................................................................................................. 81 

5.5.1 Instruments accounting for the heterogeneity of aggression and comorbidities of 

conduct disorder ................................................................................................................................ 81 

5.5.2 Instruments encompassing weighted scoring for age and gender differences ................ 81 

5.5.3 Instruments accounting for the severity and frequency of aggressive behaviours .......... 82 

5.5.4 Instruments accounting for average and sub-average IQ ................................................ 82 

5.5.5 Impact of technological advances on instruments and their development...................... 82 



viii 
 

5.5.6 Practicality, findings and recommendations .................................................................... 83 

5.5.7 Limitations of the study .................................................................................................... 83 

5.5.8 Future directions for research and practice ..................................................................... 83 

5.6 Conclusion ................................................................................................................................. 84 

Chapter 6. Prospective open-label clinical trial .............................................................. 85 

6.1 Background and significance..................................................................................................... 85 

6.2 Aims and objectives .................................................................................................................. 86 

6.3 Methods .................................................................................................................................... 86 

6.3.1 Study design ..................................................................................................................... 86 

6.3.2 Research ethics approval .................................................................................................. 86 

6.3.3 Study population, inclusion and exclusion criteria ........................................................... 87 

6.3.4 Study site .......................................................................................................................... 87 

6.3.1 Sample size ....................................................................................................................... 87 

6.3.2 Recruitment and advertising ............................................................................................ 87 

6.3.3 Screening and consent ..................................................................................................... 88 

6.3.4 Primary and secondary outcomes .................................................................................... 88 

6.3.5 Biological testing .............................................................................................................. 89 

6.3.6 Intervention ...................................................................................................................... 90 

6.3.7 Safety, tolerability and compliance .................................................................................. 93 

6.3.8 Statistical analysis ............................................................................................................ 93 

6.4 Results ....................................................................................................................................... 94 

6.4.1 Recruitment and advertising ............................................................................................ 94 

6.4.2 Characteristics of the study population at baseline ......................................................... 96 

6.4.3 Primary outcomes .......................................................................................................... 100 

6.4.4 Secondary outcomes ...................................................................................................... 103 

6.4.5 Biological testing ............................................................................................................ 105 

6.4.6 Safety, tolerability and compliance ................................................................................ 106 

6.5 Discussion ............................................................................................................................... 106 

6.5.1 Limitations of the study .................................................................................................. 108 

6.5.2 Future directions ............................................................................................................ 108 

6.6 Conclusion ............................................................................................................................... 109 

Chapter 7. Feasibility study ......................................................................................... 110 

7.1 Background and significance................................................................................................... 110 

7.2 Aims and objectives ................................................................................................................ 110 

7.3 Methods .................................................................................................................................. 110 

7.4 Results ..................................................................................................................................... 111 

7.4.1 Integrity of the study protocol, standard operating procedures, clinic facilities and 

external services .............................................................................................................................. 111 

7.4.2 Participant management ............................................................................................... 114 



ix 
 

7.4.3 Data management ......................................................................................................... 116 

7.4.4 Outcome measures......................................................................................................... 117 

7.4.5 Intervention .................................................................................................................... 119 

7.4.6 Caregiver education ....................................................................................................... 121 

7.4.7 Pharmacoeconomic evaluation ...................................................................................... 122 

7.4.8 Sample size for a future RCT ........................................................................................... 124 

7.5 Discussion ............................................................................................................................... 124 

7.5.1 Limitations of the feasibility study ................................................................................. 127 

7.5.2 Future directions ............................................................................................................ 127 

7.6 Conclusion ............................................................................................................................... 129 

Chapter 8. Conclusions and future directions .............................................................. 130 

8.1 Conclusions ............................................................................................................................. 130 

8.2 Future directions ..................................................................................................................... 132 

Appendices ..................................................................................................................... 134 

References ...................................................................................................................... 158 

  



x 
 

List of abbreviations  

-CH3  methyl group 

α  alpha 

κ  kappa 

µg  microgram 

µmol  micromole 

ABC  Aberrant Behaviour Checklist  

ABC-IAS  Aberrant Behaviour Checklist Irritability/Agitation Subscale 

ABC-LSWS  Aberrant Behaviour Checklist – Lethargy/Social Withdrawal Subscale 

ACS   Aggression Content Subscale 

ADBS   Aggressive/Destructive Behaviour Subscale 

ADHD  attention deficit/hyperactivity disorder 

ADHDCS ADHD Combined Subscale 

ADHDHIS  ADHD Hyperactivity/Impulsivity Subscale 

ADHDIS  ADHD Inattention Subscale 

ANOVA  Analysis of variance 

ASD  autism spectrum disorder 

ASEBA-ABS  Achenbach System of Empirically Based Assessment – Aggressive Behaviour  

  Subscale 

ATX  atomoxetine 

AOAS   Aggression Against Objects and Animals Subscale    

ASD  Autism spectrum disorders 

BMI  body mass index 

BPI-01  Behaviour Problems Inventory 

CAMSEA Canadian Alliance for Monitoring Effectiveness and Safety of Antipsychotics in  

  Children 

CAS  Children’s Aggression Scale   

CAS-P  Children’s Aggression Scale Parent Version 

CBCL  Child Behaviour Checklist 

CBCL-ABS  Child Behaviour Checklist - Aggressive Behaviour Subscale 

CBCL-DBS  Child Behaviour Checklist – Delinquent Behaviour Subscale 

CBCL-EPS  Child Behaviour Checklist – Externalising Problems Subscale 

CD  conduct disorder 

CDS   Conduct Disorder Subscale 

CENTRAL Cochrane Central Register of Controlled Trials 



xi 
 

CFA  Confirmatory Factor Analysis 

CFI  Comparative Fit Index 

cm  centimetre(s) 

CPS   Conduct Problems Subscale 

CS   Content Scales 

Cu:Zn  Copper/Zinc ratio 

DBC-DAS  Disruptive Behaviour Checklist – Disruptive/Antisocial Subscale 

DBDNS  disruptive behaviour disorder not specified  

DBDRS  Disruptive Behaviour Disorder Rating Scale 

DD  depressive disorder 

dL  decilitre 

DNA  deoxyribonucleic acid 

DSM  Diagnostic and Statistical Manual of Mental Disorders 

DSMS   DSM Scales 

DSM-IV  Diagnostic and Statistical Manual of Mental Disorders, fourth edition 

DSM-V  Diagnostic and Statistical Manual of Mental Disorders, fifth edition 

EOI  expression of interest 

et al.,  et alii 

e.g.,  exempli gratia 

FGA  first generation antipsychotics 

FS   Frequency Subscale 

GABA  gamma-Aminobutyric acid 

GPs  general practitioners 

GRADE  Grading of Recommendations Assessment, Development and Evaluation 

HCl  hydrochloric acid 

HNS   Hyperactivity/Noncompliance Subscale 

HPL  hydroxyhemopyrroline-2-one 

HREC  Human Research Ethics Committee 

HRQoL  health-related quality of life 

IAS  Irritability/Agitation Subscale 

ICC  Intraclass correlation coefficient 

ICD  International Statistical Classification of Diseases and Related Health Problems 

IPAS   Initiated Physical Aggression Subscale 

IQ  intelligence quotient 

IU  international units 

ISS  Inappropriate Speech Subscale 



xii 
 

kg  kilogram(s) 

KR-20  Kuder-Richardson Formula 20 

LSWS   Lethargy/Social Withdrawal Subscale 

mcg  microgram(s) 

mg  milligram(s) 

MOAS  Modified Overt Aggression Scale 

MPH  methylphenidate 

MTMM  multitrait-multimethod matrix 

n  number 

NA  not available  

NCBRF  Nisonger Child Behaviour Rating Form 

NEAF  National Ethics Application Form 

NNFI  Non-normed measure of fit 

NSW  New South Wales 

OAS  Overt Aggression Scale 

OCD  obsessive compulsive disorder 

ODD  oppositional defiant disorder 

ODDS  Oppositional Defiant Disorder Subscale 

OM  overmethylator 

P  pyrrole/elevated HPL 

P5P  pyridoxal-5-phosphate 

PAS   Physical Aggression Subscale 

PBS   Problem Behaviour Subscale 

pm  post meridiem 

PP25  Pyrrole Primer 25 mg 

PP50  Pyrrole Primer 50 mg 

PPAS   Provoked Physical Aggression Subscale 

PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

PTSD  post-traumatic stress disorder 

QLD  Queensland 

QoL  Quality of life 

RCT  randomised controlled trial 

RCTs  randomised controlled trials 

RMSEA  Root mean square error of approximation 

Rx  prescription 

SAMe  s-adenosylmethionine 



xiii 
 

SBS   Stereotypic Behaviour Subscale 

SD  standard deviation 

SE  standard error 

SCS   Social Competence Subscale 

SGA  second generation antipsychotics 

SIBS   Self-injurious behaviour Subscale 

SNAP-IV Swanson, Nolan, and Pelham Rating Scale (DSM-IV Version) 

SNPs  single nucleotide polymorphisms 

SNRI  Selective Noradrenaline Reuptake Inhibitors 

SORT  Strength of Recommendation Taxonomy 

SS   Severity Subscale 

SSRI  selective serotonin reuptake inhibitor 

SSRIs  selective serotonin reuptake inhibitors 

TAI   Total Aggression Index 

TP25  Tugun Primer 25 mg 

TP50  Tugun Primer 50 mg 

UMP50  Undermethylator Primer 50 mg 

VAS   Verbal Aggression Subscale 

VS   Validity Scales 

vs  versus 

WUS   Weapon Use Subscale 

YLD  years lived with disability 

  



xiv 
 

List of tables 

Table 2.1 Characteristics of included studies ............................................................................................. 11 

Table 2.2 Risk of bias for each study by drug class ..................................................................................... 15 

Table 2.3 SORT evidence-based rating for pharmacotherapy in conduct disorder ................................... 16 

Table 2.4 GRADE evidence profile for pharmacotherapy for conduct disorder in children and adolescents

 .................................................................................................................................................................... 16 

Table 3.1 Principal targets for micronutrient intervention including biochemistry, biomarkers, traits, 

signs and symptoms ................................................................................................................................... 29 

Table 3.2 Summary of biochemical research conducted by Walsh and the Walsh Research Institute in 

those with violent and aggressive behaviours ........................................................................................... 38 

Table 4.1 Data for twenty patients retrospectively reviewed to assist in the development of a data 

collection tool ............................................................................................................................................. 44 

Table 4.2 Micronutrients compounded into primer formulations, dose per capsule and dose ranges 

prescribed ................................................................................................................................................... 45 

Table 4.3 Data collection instrument ......................................................................................................... 46 

Table 4.4 Characteristics of the population in the retrospective observational study .............................. 49 

Table 4.5 Primary or secondary relatives with behavioural conditions or traits ........................................ 50 

Table 4.6 Frequently reported signs, symptoms and traits for included subjects ..................................... 51 

Table 4.7 Proportion of subjects with HPL unknown, normal, borderline or elevated .............................. 52 

Table 4.8 Proportion of subjects with plasma copper unknown, deficient, normal, or elevated .............. 53 

Table 4.9 Proportion of subjects with plasma zinc unknown, deficient, normal or elevated .................... 53 

Table 4.10 Proportion of subjects with whole blood histamine unknown, normal or elevated ................ 53 

Table 4.11 Nutrients and dose ranges prescribed to the included subjects .............................................. 55 

Table 4.12 Proportion of included subjects who displayed a decline in behaviour ................................... 57 

Table 4.13 Proportion of included subjects who experienced nausea ....................................................... 57 

Table 4.14 Proportion of included subjects who experienced headaches ................................................. 58 

Table 5.1 A summary of characteristics considered desirable for an appropriate standardised outcome 

measure ...................................................................................................................................................... 69 

Table 5.2 Ranking of assessed tools based on psychometric and administrative properties .................... 72 

Table 5.3 Ranking of instruments and applicability to violence and aggression research ......................... 80 

Table 6.1 Micronutrient dose ranges, dietary intake and pharmacokinetics ............................................. 91 

Table 6.2 Intervention protocol for a 70 kg adult ...................................................................................... 92 

Table 6.3 Calculated doses for a participant who weighed 26.8 kg ........................................................... 92 

Table 6.4 Packing statistics for 26.8 kg participant .................................................................................... 93 

Table 6.5 Recruitment campaign dates of advertising ............................................................................... 94 

Table 6.6 Expressions of interest received from the recruitment campaign ............................................. 95 

Table 6.7 Population characteristics at baseline ........................................................................................ 97 



xv 
 

Table 6.8 Baseline, week 8 and week 16 mean, standard error and standard deviation for the effects of 

micronutrient therapy on aggression, family functioning, health-related quality of life ratings and 

biological measures .................................................................................................................................... 98 

Table 6.9 Effects of micronutrient therapy on aggression, family functioning, health-related quality of life 

ratings and biological measures from baseline to week eight and baseline to endpoint .......................... 99 

Table 6.10 Teacher reported aggressive and violent behaviour from the MOAS and CAS-T from baseline 

to week 8 for 11 participants ................................................................................................................... 102 

Table 6.11 Teacher reported aggressive and violent behaviour from the MOAS and CAS-T from baseline 

to week 16 for 2 participants ................................................................................................................... 103 

Table 6.12 Reasons for non-compliance to the study intervention ......................................................... 106 

Table 7.1 Caregiver responses to appointments at the study clinic presented as proportions ............... 112 

Table 7.2 Consultation dates for the open-label study ............................................................................ 113 

Table 7.3 Caregiver responses to pathology collection locations presented as proportions ................... 114 

Table 7.4 Proportion of the study population residing in metropolitan or non-metropolitan regions and 

attending private or public schools. ......................................................................................................... 115 

Table 7.5 Proportions for eligibility, admission, retention and dropout rates for the open-label study . 116 

Table 7.6 Caregiver/respondent opinions of the instruments used in the open-label study .................. 118 

Table 7.7 Proportion of participants that did or did not have issues with taste or smell of the 

intervention .............................................................................................................................................. 120 

Table 7.8 Caregiver reported opinions for the convenience of dose schedule ........................................ 120 

Table 7.9 Caregiver reported satisfaction of the intervention presented as proportions ....................... 121 

Table 7.10 Caregiver reported understanding of biochemical conditions and role of micronutrients 

presented as proportions ......................................................................................................................... 122 

Table 7.11 Caregiver reported opinions of costs associated with their child participating in the study . 122 

Table 7.12 Future cost considerations ..................................................................................................... 123 

Table 7.13 Estimated health care costs for the open-label study ............................................................ 123 

Table 7.14 Parent reported hypothetical opinions associated with costs for participation in the study 124 

  



xvi 
 

List of figures 

Figure 2.1 Selection of studies presented as a flow diagram as per the PRISMA guidelines ..................... 10 

Figure 4.1 Flow chart of included and excluded subjects ........................................................................... 48 

Figure 4.2 Percentage of included subjects with DSM-V diagnoses ........................................................... 49 

Figure 4.3 Number of primary relatives with a behavioural trait or condition .......................................... 51 

Figure 4.4 Number of secondary relatives with a behavioural trait or condition ...................................... 51 

Figure 4.5 The 20 most frequently reported signs, symptoms and traits of the included subjects ........... 52 

Figure 5.1 Selection of relevant instruments, presented as a flow diagram .............................................. 71 

Figure 6.1 Flowchart of participants through the study ............................................................................. 95 

Figure 6.2 Mean change of aggression and violence measured using the MOAS at baseline, week 8 and 

week 16 .................................................................................................................................................... 100 

Figure 6.3 Mean change of raw scores of aggressive and violent behaviours measured using the CAS-P at 

baseline, week 8 and week 16 for verbal, physical and initiated aggression, aggression against 

objects/animals and use of weapons. ...................................................................................................... 101 

Figure 6.4 Mean change of aggressive and violent behaviours measured using the CAS-P at baseline, 

week 8 and week 16 for aggression against family, non-family peers and adults. .................................. 101 

Figure 6.5 Mean change of aggressive and violent behaviours measured using the CAS-P at baseline, 

week 8 and week 16 for total aggression ................................................................................................. 102 

Figure 6.6 Mean change of HRQoL with micronutrient intervention measured using the PedsQL at 

baseline, week 8 and week 16 .................................................................................................................. 104 

Figure 6.7 Mean change of family functioning with micronutrient intervention measured using the FFSS 

at baseline, week 8 and week 16.............................................................................................................. 104 

  



xvii 
 

List of equations 

Equation 1 Multiplication factor calculation for micronutrient doses in study participants ..................... 92 

Equation 2 Dose adjustment calculation using multiplication factor and intervention protocol .............. 92 

Equation 3 Calculation of eligibility rate of participants from advertising ............................................... 115 

Equation 4 Calculation of eligibility rate of participants after screening ................................................. 115 

Equation 5 Calculation of admission rate of participants to the study .................................................... 115 

Equation 6 Calculation of retention rate of participants in the study ...................................................... 116 

Equation 7 Calculation of dropout rate of participants from the study ................................................... 116 

  



xviii 
 

List of publications and conferences 

 

Publications 

 Hambly JL, Khan S, McDermott B, Bor W & Haywood A. Pharmacotherapy of conduct 

disorder: Challenges, options and future directions.  Journal of Psychopharmacology 

2016; 30(10): 967-75. 

 Hambly JL, Khan S, McDermott B, Bor W & Haywood A. Instruments for evaluating 

pharmacotherapy intervention efficacy in violent and aggressive behavior and conduct 

disorder in youth. Aggression and Violent Behavior 2017; 30(5): 84-95. 

 Hambly JL, Francis K, Khan S, Gibbons KS, Walsh WJ, Lambert B, Testa C & Haywood A. 

Micronutrient therapy for violent and aggressive male youth: An open-label trial. 

Journal of Child and Adolescent Psychopharmacology. (In press, April 2017) 

 

Conferences  

 Hambly JL, Khan S & Haywood A (2014). Epigenetic Biochemical Therapies in 

Aggressive Children and Adolescents Bio-Balance Outreach Public Conference (Podium 

Presentation). Outrigger Conference Centre, Surfers Paradise, QLD, Australia 2014 

 Hambly JL, Khan S & Haywood A (2014). A Systematic Review of the Therapeutic 

Options in the Management of Paediatric Conduct Disorders (Poster Presentation). 

Translating Research into Practice (TRIP) 2nd Symposium. Mater Hospital, Brisbane, 

QLD, Australia  

 Hambly JL, Khan S & Haywood A (2014). A Systematic Review of the Therapeutic 

Options in the Management of Paediatric Conduct Disorders (Poster Presentation). 

Gold Coast Health and Medical Research Conference. Mercure Resort, Gold Coast, QLD, 

Australia 

 Hambly JL, Khan S & Haywood A (2015). Biochemical Therapies in Aggressive Male 

Children and Adolescents (Podium Presentation). Bio-Balance Outreach Public 

Conference. Outrigger Conference Centre, Surfers Paradise, QLD, Australia  

 Hambly JL, Khan S & Haywood A (2015). Pharmacotherapy in Violent and Aggressive 

Youth: Current Status and Future Directions (Poster Presentation).Youth Violence: 

Cutting to the Core Conference. Royal on the Park, Brisbane, QLD, Australia  

 Haywood A, Hambly JL & Khan S (2016). Biochemical therapy for the management of 

violence and aggression in male youth (Podium Presentation). Challenging the Mental 

Illness-Violence Nexus Conference. Mercure Hotel, Brisbane, QLD, Australia 

 



1 
 

Chapter 1. Introduction and thesis overview  

 

1.1 Background and significance  

From a developmental and evolutionary perspective, aggression is considered a normal part of 

human nature where the ability to defend oneself against verbal or physical assault 

contributes to survival and adaptation.16 Violent and aggressive behaviours such as hitting, 

pushing, biting and kicking are common in young children; however, with age most children 

learn to appropriately manage these characteristics.17  

 

Youth aggression is a multifaceted phenomenon that is displayed differently depending on age 

and gender.18 Symptoms of aggression may change with developmental competence in motor 

and cognitive domains. For example, preschool-aged children may display instrumental and 

physical expressions of aggression and violence; whereas, school-aged children may exhibit 

hostile aggression through name-calling, criticising and ridiculing.19 Those children who fail to 

learn socially acceptable norms and continue manifesting violent and aggressive behaviours 

may be diagnosed with a behavioural disorder.16 

 

Violent behaviour can be defined as the intentional use of threatened or actual physical force 

or power against oneself or another person, which results in, or has a high likelihood of 

causing harm.20 Aggression has been described as an act directed towards a person, object or 

animal with the intent to hurt or frighten;21 however,  within the field of psychiatry, there is no 

precise definition perhaps due to the heterogeneity of the condition.22 For instance, the 

Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-V)23 reports 

aggression as a feature of both conduct disorder (CD) and intermittent explosive disorder 

(IED), but states that aggressive behaviour can occur within other mental disorders.24 Due to 

the persistent nature of the behaviours, CD is given as a diagnosis in children and adolescents 

who display ongoing, severe violence and aggression.  

 

Aggression and violence among children and adolescents are of worldwide public health 

importance.1 Adolescents and young adults commit violent crimes at a higher rate than other 

age groups where associated problems result in considerable costs to the affected individuals, 

their families and the community.25 In the United States physical violence in school-aged 

children was reported at 24.7% in 2013.26 Whereas, in China, a large cross-sectional sample of 

urban adolescents revealed self-reported mean rates of physical aggression being 13.38% and 

verbal aggression 12.95% in 2012.27 Further, an Australian population study found 8.8% of 
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adolescents, 11 to 17 years reported conduct problems,28 and in the United Kingdom 6.6% of 

adolescents aged 11 to 16 received a clinical diagnosis of CD.29  

 

Given the potential adverse trajectory for those with CD, early intervention and prevention 

strategies are often warranted.2 A recent meta-analysis has found that first-line psychological 

treatments have a small effect in reducing parent-, teacher- and observer-rated CD problems 

in children and adolescents. The meta-analysis also found that there is not enough evidence to 

support one psychological treatment over another, and that severe cases of CD are frequently 

refractory to such approaches.30,31 Pharmacotherapy is offered after other interventions have 

been of no, or limited, benefit; and is targeted at aggression or comorbidities such as attention 

deficit/hyperactivity disorder (ADHD) and oppositional defiant disorder (ODD). Despite this, 

the use of pharmaceuticals in violent and aggressive children and adolescents is limited by the 

impact on growth and development, risk of adverse effects and lack of safety and efficacy data 

available.3  

 

Evidence-based effective and safe therapies for the management of children and adolescents 

with violent and aggressive behavioural disorders are crucially needed. The heterogeneity of 

behaviours displayed by violent and aggressive behaviour disordered youth, present as a 

diagnostic and therapeutic challenge.22  

 

Micronutrient deficiencies are widespread in both developing and developed countries.32 

Neurotransmitters are primarily synthesised in the brain from amino acids, vitamins and 

micronutrients. These chemicals are essential for brain development, particularly in children 

and adolescents.10  In addition, excessive or depressed levels may result in biochemical 

imbalances in the brain, impaired cognitive functioning and poor behavioural outcomes.  

The resulting biochemical abnormalities may lead to behaviour disorders in individuals due to 

altered brain biochemistry.10  

 

In recent years there has been an increase in both the quantity and methodological quality of 

research exploring the relationship between micronutrients and mental health.4 It has been 

suggested that violent and aggressive male children and adolescents may display unique 

biochemical imbalances.7 Micronutrients that target biochemical imbalances that are 

identified by clinical examination and pathology may be a novel therapeutic option to improve 

behaviour with minimal side effects.6,7,10,11,33 Due to the individualised nature of diagnosis and 

treatment, the use of micronutrients to target biochemical imbalances exists primarily as 

anecdotal evidence. Given the need for improved diagnostics and therapeutic outcomes, 
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investigation into biochemical imbalances and micronutrient intervention in violent and 

aggressive male children and adolescents is vitally needed. 

 

1.2 Hypothesis, aims and objectives 

1.2.1 Hypothesis 

Micronutrient therapy may be a useful intervention to bridge the gap in therapy present in 

violent and aggressive male children and adolescents. 

 

1.2.2 Aims and objectives 

The primary aim of this study was to determine if a standardised regimen of micronutrient 

therapy was efficacious and well-tolerated in an open-label trial including violent and 

aggressive male children and adolescents. The objectives to address the primary aim were as 

follows: 

 

i. To conduct a systematic review of the efficacy, safety and health-related quality of 

life of pharmacotherapy used in the management conduct disorder 

ii. To review literature for micronutrient therapy targeted at biochemical imbalances 

with a particular focus on violence and aggression in male youth 

iii. To evaluate the prescribing patterns, diagnostic instruments and patient outcomes 

for the management of violent and aggressive disorders using micronutrient 

therapy in male youth through a retrospective observational review 

iv. To review and evaluate the psychometric and administrative properties and 

applicability of instruments used to measure the efficacy of pharmacotherapy in 

violent and aggressive youth 

v. To investigate if micronutrient therapy appeared efficacious and well tolerated in 

violent and aggressive male children and adolescents shown through a reduction 

of aggressive and violent behaviours, an improvement in health-related quality of 

life and family functioning in an open-label trial 

vi. To determine if a randomised controlled trial of micronutrient therapy in violent 

and aggressive male youth may be achievable through a feasibility analysis of the 

open-label trial 
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1.3 Overview of the thesis 

Each of the above six objectives of this research study are detailed as separate chapters in the 

thesis. Due to the interdisciplinary nature of the research study, chapters 2, 4, 5, 6 and 7 will 

include background and significance, aims and objectives, methods, results, discussion and 

conclusion.  

 

 Chapter 1 provides a general introduction and thesis overview and includes the 

hypothesis, aims and objectives. 

 Chapter 2 presents a systematic review of pharmacotherapy used in the management 

of conduct disorder. 

 Chapter 3 provides an introduction to biochemical imbalances and micronutrient 

therapy.   

 Chapter 4 includes a retrospective, observational study of prescribing patterns, 

diagnostic instruments and patient outcomes in violent and aggressive male children 

and adolescents who received micronutrient intervention.  

 Chapter 5 presents a review of the psychometric and administrative properties of 

instruments used to measure the efficacy of pharmacotherapy and their applicability 

to practice and research in violent and aggressive youth.  

 Chapter 6 reports the findings of an open-label trial of micronutrient therapy in violent 

and aggressive male children and adolescents.  

 Chapter 7 presents the findings of a feasibility analysis of the open-label trial.  

 Chapter 8 is the final chapter, and provides a conclusion with future directions.  
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Chapter 2. Pharmacotherapy of conduct disorder 

 

2.1 Background and significance  

2.1.1 The mental health of young Australians 

An alarming one out of every five Australians will be affected by a mental disorder during their 

lives.34 It is also of concern that 14% of Australian children and adolescents have mental health 

problems.34 Mental disorders are conditions characterised by clinically significant symptoms or 

emotional and behavioural problems associated with personal distress and impaired 

functioning, as described in the DSM-V.35 Depressive disorder (DD), CD and ADHD are the most 

prevalent child and adolescent mental disorders in Australia.36 These children have a poorer 

quality of life than their peers and place burden on guardians, having less time for their own 

needs compared to other parents.36 General practitioners, paediatricians and school-based 

counsellors provide the services that are most frequently used by young people with mental 

health problems. However, 75% of children and adolescents with mental health problems do 

not receive professional help.36 The large number of young Australians requiring mental health 

services places significant burden on the health system, resulting in a disparity between those 

seeking help and the availability of trained clinicians to provide a service.36 It is unlikely that 

mental health services will ever be able to provide direct care for all those who require it.34 As 

a result, there is a need to identify and implement new mental health promotion, prevention 

and treatments that can provide cost-effective management options for both young people 

and their families.34,36 

 

2.1.2 Aggressive and violent behaviours in children and adolescents 

From a developmental and evolutionary perspective, aggression is considered a normal part of 

human nature where the ability to defend oneself against verbal or physical assault 

contributes to survival and adaptation.16 Behaviours such as hitting, pushing, biting and kicking 

are common in young children; however, with age most children learn to appropriately 

manage these characteristics.17 Those children who fail to learn these socially acceptable 

norms and continue manifesting violent and aggressive behaviours may be diagnosed with a 

behavioural disorder.16 As many of the behaviours featured in these disorders may occur in 

typically developing individuals, it is critical that the frequency, persistence and impairment 

associated with the behaviours be considered relative to what is normal for the age, gender, 

and culture of the child when determining if they are symptomatic of a disorder.35  
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2.1.3 Conduct disorder 

CD features a diversity of behaviours that may violate societal norms, the basic rights of others 

and their property (e.g., vandalism, harming animals, setting fires, theft and assault).20,35  

There are 15 symptoms of CD that are listed in the DSM-V,23 where only three are required for 

a diagnosis. In comparison, the ICD-1020 includes 23 possible symptoms, but also requires only 

three included symptoms for diagnosis. The ICD-10 features ODD as a sub-category of CD and 

criteria for diagnosis focuses more on the role of socialisation.20 CD and ODD both involve 

symptoms where the individual conflicts with adults and authority figures.23 Typically, the 

behaviours of ODD are less severe than those with CD; and do not include aggression toward 

individuals or animals, destruction of property, or patterns of deceitfulness or robbery.23  

 

The global prevalence of CD in 2010 was 3.6% for males and 1.5% for females,37 with males 

appearing to have an increased frequency and severity of behaviours.38 The exact aetiology of 

CD is unknown, but is thought to arise from psychosocial, genetic, biological and 

environmental factors.39,40 The psychopathology of CD accounts for more than 70% of pre-

pubertal and approximately 50% of post-pubertal referrals to mental health services.16 Due to 

heterogeneity within the classification of CD, and perhaps the high incidence of behavioural 

comorbidities that are also present (i.e., ADHD, ODD and DD), diagnosis is often considered a 

challenge in child and adolescent mental health.22  

 

An Australian Government study36 identified that approximately 23% of all children and 

adolescents with CD, ADHD or DD had a comorbid mental health condition. Overall, males had 

a higher rate of comorbidity (27%) than females (15%). Only 0.9% of the Australian child and 

adolescent population had CD alone, while 0.3% had CD with comorbid depression and 1.3% 

had CD comorbid with ADHD.36 Furthermore, the Global Burden of Disease Study (2010) 

reported that CD was responsible for 5.75 million years lived with disability (YLD), with ADHD 

being responsible for a further 491,500.41 Collectively, CD and ADHD accounted for 0.80% of 

the total global YLD and 0.25% of total global disability-adjusted life years (DALYs), where one 

DALY equals one year of healthy life lost. In terms of global DALYs, CD was among the 15 

leading causes in children aged five to 19 years.41  

 

CD places heavy personal and economic burdens on individuals and society, including the 

health system, social care, educational and criminal justice services.38 The disorder affects daily 

activities, quality of life (QoL), education, work and social development.36,42 If progression into 

adulthood occurs due to poor management or refractory cases, there is potential for increased 

illicit substance use, antisocial behaviours, violent crimes and other mental health problems.36  
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Early intervention and prevention strategies are often warranted, given the potential adverse 

trajectory in those with CD. Psychosocial interventions (e.g., programs addressing parenting, 

family functioning, child inter-personal skills and difficulties at school) have been considered 

the most appropriate, first-line treatment.43 Despite this, severe cases of CD are frequently 

refractory to such approaches.30 Further, a recent meta-analysis has found that psychological 

interventions only have a small effect in reducing parent-, teacher- and observer-rated CD 

problems in children and adolescents.31  

 

2.1.4 Pharmacotherapy in conduct disorder 

The use of pharmacotherapy in those with CD is only offered after other interventions have 

failed, and is targeted at aggression or comorbidities related to ADHD, ODD and DD.43 Despite 

this, numerous classes of pharmaceuticals have been documented in the context of CD in 

juvenile psychopathology, yet the majority are only supported by anecdotal evidence and 

exploratory investigation.  

 

The use of pharmacotherapy in children and adolescents with CD is limited by the negative 

impact on normal growth and development, adverse effects and lacking safety and efficacy 

data.3 Pharmacotherapy for comorbid hyperactivity related to ADHD is recommended; 

however, the use of medication in CD alone is less well-established.43 The antipsychotic, 

risperidone, is the only licensed pharmaceutical for use in the treatment of persistent 

aggression associated with CD, from the age of five years, in Australia and the United 

Kingdom.44  

 

There is a need for the evaluation of pharmacotherapy used in the management of CD, due to 

the high incidence of off-label use in children and adolescents. Without scientific evidence, this 

population is subjected to a direct risk of inappropriate prescribing, long-term adverse effects 

and potential negative impacts on growth and development.45 

 

2.2 Aims and objectives 

Aim: To conduct a systematic review of the efficacy, safety and HRQoL of pharmacotherapy 

used in the management conduct disorder. 

Objectives: The primary objective of this study was to evaluate current pharmacotherapy used 

in the management of CD including efficacy, safety and impact on HRQoL, using the following 

validated instruments: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) guidelines, Strength of Recommendation Taxonomy (SORT), RevMan® and Grading 

of Recommendations Assessment, Development and Evaluation (GRADE).46-49  
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2.3 Methods 

2.3.1 Search strategy 

The studies included in this review were identified in the following databases: MEDLINE, OVID 

SP, EMBASE and the Cochrane Central Register of Controlled Trials (CENTRAL). Included studies 

were randomised controlled trials (RCTs) published in English, from the year 2000 to January 

2015, to evaluate current medications that have been prescribed in the past 15 years. The 

keywords ‘conduct disorder,’ ‘drug,’ ‘drug therapy,’ ‘medication,’ ‘treatment,’ ‘children’ and 

‘adolescents’ were used to find the relevant articles. Additional studies were identified through 

examining reference lists of the articles identified after the initial screening. Unpublished data 

or abstracts from conferences were not considered in order to prevent any bias related to the 

accessibility of the data.  

 

2.3.2 Inclusion and exclusion criteria 

RCTs evaluating safety and/or efficacy, and/or HRQoL, of pharmacotherapy used in the 

management of CD were included. Clinical judgement of CD diagnosis was allowed. Those 

participants with comorbidities, or where CD was not the primary diagnosis, were also 

included due to the reality of comorbidities being present in this heterogeneous group. The 

included studies compared an intervention to placebo, to another pharmaceutical or to 

varying dose ranges. Subjects were included regardless of their gender and race; they were 

aged 18 years or younger, with a diagnosis of CD. Efficacy was defined as the capacity of the 

intervention to produce a beneficial result. Safety was defined as the capacity of the 

intervention to cause an undesirable pharmacodynamic effect and HRQoL was defined as the 

ability of the intervention to improve HRQoL as determined by validated instruments.  

 

2.3.3 Data analysis 

The titles and abstracts of all articles identified were screened to determine if inclusion was 

appropriate. All studies that met the inclusion criteria were assessed for risk of bias or 

systematic error where, if present, multiple replications of the same study reach the wrong 

conclusion on average.49 The Cochrane Risk of Bias tool was used to assess selection, 

performance, detection, attrition, reporting and other biases (e.g., recruitment bias) for each 

drug or drug class against three categories namely high, low and unclear risk.49 Evidence was 

scored according to the SORT rating46 and Cochrane GRADE48 instruments. The SORT taxonomy 

ratings of ‘A’, ‘B’ or ‘C’ for the strength of recommendation for an outcome were applied. A 

rating of ‘A’ was allocated if there was consistent and good-quality, patient-orientated 

evidence. A rating of ‘B’ was allocated if there was inconsistent or limited-quality, patient-
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orientated evidence. A rating of ‘C’ was allocated if evidence was based on consensus, usual 

practice, opinion, disease-orientated evidence.46   

 

The GRADE approach was used to evaluate five criteria namely, study limitations, consistency 

of effect, imprecision, indirectness and publication bias to assess the quality of the body of 

evidence for an outcome. The evidence was ranked on a four-point scale, ‘very low’, ‘low’, 

‘moderate’ or ‘high.’48  

 

2.4 Results 

2.4.1 Search results 

One-hundred and forty-one studies were identified from the search, of which 118 were 

excluded, based on the title, abstract or duplication. A further 23 studies were screened and  

11 were excluded. Consequently, 12 RCTs were eligible for qualitative synthesis (Figure 2.1).  

The included studies investigated the use of the psychostimulant methylphenidate (MPH) 

(n=2); the antipsychotics molindone, quetiapine and risperidone (n=3); the selective 

noradrenaline reuptake inhibitor (SNRI) atomoxetine (ATX) (n=1); the alpha adrenergic agonist 

clonidine (n=1); the anticonvulsant divalproex (n=5) and the mood stabiliser lithium (n=1) in 

the treatment of CD and associated co-morbidities. A meta-analysis could not be undertaken, 

due to heterogeneity in the cohort, with no consistency of measurement instruments or 

outcome measures. 
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Figure 2.1 Selection of studies presented as a flow diagram as per the PRISMA guidelines 

 

2.4.2 Characteristics of the included studies 

Characteristics of the included studies are shown in Table 2.1. The sample sizes ranged from 12 

to 180, and participants were aged five to eighteen years old. Studies were undertaken in a 

variety of settings, including: the home, school, clinic, hospital and juvenile prison. The studies 

included participants with a primary diagnosis or comorbidity of CD. Other comorbidities in the 

included studies were ADHD, ODD, posttraumatic stress disorder (PTSD) and disruptive 

behaviour disorder not specified (DBDNS). Participants in one of the studies were classified as 

having sub-average intelligence quotient (IQ).50 The duration of the investigations extended 

from four to 19 weeks. 
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Table 2.1 Characteristics of included studies 

Author Age 
(years) 

Participants Diagnosis Drug Class Intervention Compared  Duration Statistical/Clinical significance   

Aman et al., 
(2002)50  

5-12 118 (97 
males, 
21 females) 

CD/ODD/DBDNS Atypical 
antipsychotic 

Risperidone vs Placebo 
0.02–0.06 mg/kg/day oral 
solution in the morning. 
(Dose slowly titrated, after 
week 4 dose remained 
constant) 

6 weeks Risperidone improved (p=0.003) and 
was well tolerated with no serious 
events in severely disruptive 
behaviours in children with sub-
average IQ. 

Blader et al., 
(2010)51 

6-13 27 (22 
males, 5 
females) 

ADHD+ODD/CD Anticonvulsant Divalproex + Psychostimulant 
vs Placebo + Psychostimulant   

8 weeks Adjunctive divalproex increased the 
likelihood of aggression remittance in 
children with ADHD whose aggression 
was refractory to psychostimulants. 

Connor  et 
al., (2000)52 

6-16  24 (males 
only) 

ADHD+ODD/CD Psychostimulant+/- 
α2 adrenergic 
agonists 

Methylphenidate vs Clonidine 
vs Methylphenidate + 
Clonidine 
Methylphenidate + clonidine: 
40 mg/day + up to 0.3 
mg/day (morn, noon, eve); 
Clonidine: up to 0.3 mg/day 
(morn, noon, eve); 
Methylphenidate: 40 mg/day 
(morn, noon, placebo 
evening) 

12 weeks All therapies indicated significant 
improvement in ADHD symptoms of 
inattention (p=0.019) and impulsivity 
(p=0.002). Clonidine alone impaired 
fine motor tasks (Problem solving: 
p=0.004, dominant hand errors: 
p=0.04). 

Connor  et 
al., (2008)30 

12-17  19 
(unclear) 

CD Atypical 
antipsychotic 

Quetiapine vs Placebo 
25 mg twice daily titrated up 
to 400 mg twice daily 

7 weeks Quetiapine showed global 
improvement in adolescents with CD 
(p=0.0006) and improved HRQoL 
(p=0.005). No significant differences 
between quetiapine and placebo for 
side effects (p=0.12).  
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Donovan et 
al., (2000)53 

10-18 20 (16 
males, 4 
females) 

CD/ODD + 
explosive temper 
and mood lability 

Anticonvulsant Divalproex vs Placebo 
750-1500  mg/day titrated 
over 2 weeks 

6 weeks Divalproex was effective compared to 
placebo in patients with explosive 
temper and mood lability (p<0.001). 

Malone  et 
al., (2000)54 

10-17  40 (33 
males, 7 
females) 

CD Mood stabiliser Lithium vs Placebo 
Initially 600 mg single dose, 
then individually titrated 
between 300-2100 mg/day in 
3 divided doses based on 
blood levels 

4 weeks Lithium was effective for short-term 
treatment of aggression in inpatients 
with CD (p=0.004). Nausea, vomiting, 
and diarrhoea occurred more 
frequently in lithium group (p=0.05, 
p=0.048, p=0.048). 

Padhy  et 
al., (2011)55 

Mean 
15.9 

61 (61 
males) 

CD Anticonvulsant Divalproex high-dose vs 
Divalproex low-dose 
1000-1500 mg/day (to reach 
a plasma level 50–120 ng/ml) 
vs up to 250 mg/day 

8 weeks Divalproex may be effective in the 
treatment of 
reactive/affective/defensive/impulsive 
aggression associated with CD. High 
doses were more effective than low 
dose (p=0.03). 

Sinzig  et al., 
(2007)56  

6-16  85 (75 
males, 10 
females) 

ADHD/ADHD+ODD/ 
ADHD+CD 

Psychostimulant Methylphenidate vs Placebo 
Initially 20 mg titrated up to 
60 mg according to weight 
and symptoms  

4 weeks Methylphenidate as a long-acting 
preparation was effective in the 
treatment of aggressive behaviour in 
children with ADHD+CD. Factor 
medication x time (p=0.0008 – parent; 
p<0.0001 – teacher). 

Steiner et 
al., (2003)3 

14-18  71 (males 
only) 

CD Anticonvulsant Divalproex high-dose vs 
Divalproex low-dose 
500-1500 mg/day vs up to 
250 mg/day 

7 weeks Divalproex improved self-reported 
impulse control (p<0.05) and may 
improve self-restraint (p<0.06). High 
dose was more effective at decreasing 
severity and improving symptoms 
(p=0.0008). 

Steiner  et 
al., (2007)57 

14-18  12 (males 
only) 

CD+PTSD  Anticonvulsant Divalproex high-dose vs 
Divalproex low-dose 
500-1500 mg/day vs up to 
250 mg/day 

7 weeks High dose divalproex with therapeutic 
blood levels improved symptoms 
(p=0.03) and restraint (p=0.03) 
compared to low dose. 
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Stocks  et 
al., (2012)45 

6-12  78 (67 
males, 11 
females) 

ADHD+ODD/CD Typical 
antipsychotic 

Molindone varying doses 
titrated based on weight to 5-
40 mg/day in 3 doses 

6-19 
weeks 

Preliminary efficacy results showed 
molindone produced dose-related 
behavioural improvements over 9–12 
weeks (p=0.058).     

Wehmeier  
et al., 
(2011)42 

6-17 180 (152 
males, 28 
females) 

ADHD+ODD/CD Selective 
noradrenaline 
reuptake inhibitor  

Atomoxetine fast vs 
Atomoxetine slow 
0.5 mg/kg in the morning for 
7 days, then 1.2 mg/kg vs 0.5 
mg/kg for 7 days, then 0.8 
mg/kg for 7 days, then 1.2 
mg/kg 

9 weeks No differences were found between 
the fast and slow titration. 
Atomoxetine had positive effects on 
HRQoL (p=0.021). 
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2.4.3 Study quality 

Each of the 12 included studies were assessed for selection, performance, detection, attrition and 

reporting bias49 (Table 2.2). As 11 of the 12 included studies were randomised and double-blinded, 

performance bias (blinding of participants and personnel) contributed to the lowest risk of bias. All 

studies reported that they were randomised; however, random sequence generation contributed to 

the highest risk of bias, with four of the 12 studies not describing the method used.  

 

2.4.4 Evidence:  safety, efficacy and HRQoL 

The SORT rating provides an evidence-based recommendation on safety, efficacy and impact on 

HRQoL for the drug or drug classes featured in the review (Table 2.3). Limited evidence was 

retrieved concerning efficacy. The study quality for the efficacy of antipsychotics was higher than for 

other medications. The SORT evidence for safety was shown to be of low quality. HRQoL was not an 

outcome frequently measured in the included studies; however, it was found that quetiapine and 

atomoxetine may have a positive influence in those with CD.  

 

A meta-analysis could not be conducted due to the lack of use of uniform outcome measures with 

impractical data from the included studies. The summary of evidence for the efficacy of 

pharmacotherapy in children and adolescents with CD achieved a GRADE rating of ‘very low quality’ 

(Table 2.4). There was serious inconsistency, indirectness and imprecision; partially due to small 

sample sizes and wide confidence intervals. A GRADE rating could not be generated for safety due to 

the multiple classes of pharmaceuticals or for HRQoL due to the lack of studies that measured the 

outcome.  
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Table 2.2 Risk of bias for each study by drug class 

Intervention Author Random 

sequence 

generation 

(selection bias) 

Allocation 

concealment 

(selection 

bias) 

Blinding of 

participants and 

personnel 

(performance bias) 

Blinding of 

outcome 

assessment 

(detection bias) 

Incomplete 

outcome data 

(attrition bias) 

Selective 

reporting 

(reporting 

bias) 

Atomoxetine Wehmeier  et al. (2011) Low Unknown Low Unknown Unknown Unknown  

Divalproex Blader et al.(2009) Low Low Low Low Low Low 

Donovan et al. (2000) Low Unknown Low Unknown Low Low 

Padhy  et al. (2011) Low Unknown Low Unknown High Unknown 

Steiner et al. (2003) Low Unknown Low Low High Low 

Steiner  et al. (2007) Low Unknown Low Unknown Unknown Unknown 

Lithium Malone  et al. (2000) Low Low Low Low Low Low 

Methylphenidate 

+ Clonidine 

Connor  et al. (2000) High Unknown Low Unknown Unknown Unknown 

Methylphenidate Sinzig  et al. (2007) Low Low Low Low Low Low 

Molindone Stocks  et al. (2012) High High High High Low Low 

Quetiapine Connor  et al. (2008) High Unknown Low Unknown Low Low 

Risperidone Aman et al. (2002) High Unknown Low Low Unknown Low 
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Table 2.3 SORT evidence-based rating for pharmacotherapy in conduct disorder 

Outcome and Drug/Drug 

Class 

Description  Rating* 

Safety Psychostimulants Generally well tolerated. Gastrointestinal and 

cardiovascular side effects may limit use. Data inconclusive 

for CD. 

C 

Antipsychotics Sedative and metabolic effects may limit use. B 

Atomoxetine Data inconclusive for CD. C 

Lithium Thyroid, renal and gastrointestinal side effects may limit 

use in youth. Data inconclusive for CD. 

C 

Divalproex  Generally well tolerated. Data inconclusive for CD. C 

Clonidine Cardiovascular, anticholinergic and fine motor adverse 

effects may limit use. Data inconclusive for CD. 

C 

Efficacy Psychostimulants Data inconclusive due to small sample size. C 

Antipsychotics Risperidone may reduce conduct problems. Quetiapine 

may reduce severity of CD symptoms. 

B 

Atomoxetine Data inconclusive. C 

Lithium Data inconclusive due to small sample size. C 

Divalproex  May reduce CD symptoms using high doses. C 

Clonidine Data inconclusive due to small sample size. C 

HRQoL Atomoxetine  May improve HRQoL. B 

Antipsychotics Quetiapine may improve HRQoL. B 

*See 2.3.3 for classification of SORT ratings 

 

 

Table 2.4 GRADE evidence profile for pharmacotherapy for conduct disorder in children and adolescents 

Quality Assessment Quality 

No of 

studies 

Design Risk of 

Bias 

Inconsistency Indirectness Imprecision Other   

12  

(n=735) 

randomised 

trials 

no 

serious 

risk of 

bias 

serious1 serious2 serious3 none VERY 

LOW 1,2,3 

 

1 No uniform outcome measures/tools 

2 Lack of uniform tools for comparison 

3 Wide confidence interval and small sample size 
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2.4.5 Antihypertensives  

In one included study of 24 male children and adolescents a significant improvement in inattention 

and impulsivity was shown in those taking clonidine alone, MPH alone or a combination of clonidine 

and MPH.52 Despite this, the study had limitations due to its small sample size, with each arm only 

including eight participants. Although no participants receiving clonidine reported significant adverse 

effects, its unfavourable safety profile limits its use in children. There is a need for further 

investigation before any clinical recommendations can be given with regard to the safety profile of 

clonidine in CD as anticholinergic, cardiovascular and fine motor coordination adverse effects have 

been associated with its use.52  

 

2.4.6 Antipsychotics 

Three of the reviewed studies investigated antipsychotics which included molindone, a first 

generation antipsychotic, and two second generation antipsychotics (SGA) quetiapine and 

risperidone. Two studies were in children (aged five to 12 years and six to 12 years respectively)45,50 

and one study was in adolescents (12 to 17 years).30 The use of quetiapine 50 to 800 mg in divided 

doses showed global improvement in CD and HRQoL in adolescents with and without psychiatric 

comorbidities, however the sample size was small (n=19).30 Molindone in doses five to 40 mg per 

day demonstrated preliminary improved behavior in those with ADHD and CD and/or ODD; 

however, it is no longer commercially available and the study had a high risk of bias.45 Risperidone 

appeared effective in treating severely disruptive behaviour in youth with sub-average intelligence 

and a primary diagnosis of a disruptive behaviour disorder including CD. The study was well-

designed with a predominately low risk of bias, a sample size of 118 and a 12 month follow-up 

period. Compared to placebo, participants who received risperidone showed a significant reduction 

in conduct problems measured using a subscale of the Nisonger Child Behaviour Rating Form.50 

Sedative, metabolic and extrapyramidal effects may limit the use of antipsychotic agents.58,59  

 

2.4.7 Anticonvulsants 

Three included studies featured incarcerated males using doses of divalproex up to 1500 mg in CD,3 

CD and post-traumatic stress disorder (PTSD)57 and reactive-affective-defensive-impulsive verses 

proactive-Instrumental-premediated aggression.55 These studies were less than eight weeks in 

duration and did not include any participants outside of a prison environment. Divalproex was well 

tolerated with mild side effects such as gastrointestinal upset and sedation which decreased rapidly 

over time. The studies reported higher doses were more effective at improving CD symptoms3,57 and 

treating reactive-affective-defensive-impulsive aggression compared to lower doses.55 Another 

included study featured males and females with explosive temper and mood lability who were given 



18 
 

six weeks of placebo and divalproex up to 1500 mg per day. Divalproex was superior to placebo, with 

no reported adverse effects.53 A fifth trial added divalproex to open stimulant treatment in youth 

with ADHD and ODD or CD for the treatment of aggression.51 The study was well-designed with an 

overall low risk of bias. The results showed that a significantly higher proportion of children receiving 

divalproex met remission criteria compared to those receiving placebo.51 Although reported 

gastrointestinal and sedative side effects were mild and transient, hepatotoxicity and pancreatitis 

has been associated with the use of divalproex. Close monitoring should be conducted, especially 

with the high doses required for therapeutic efficacy in CD.60,61    

 

2.4.8 Mood stabilisers 

One included study evaluating lithium 300 to 2100 mg per day in three divided doses demonstrated 

a short-term reduction of aggressive behaviours associated with CD in hospitalised children and 

adolescents.54 Although there were no drop-outs reported in this study, there was significantly more 

side effects experienced compared to placebo, and it is likely that participants were closely 

monitored and adverse effects managed promptly in hospital.54 It is important to highlight that this 

study included individuals with a primary diagnosis of CD or pure CD. Despite this, all participants 

were in a controlled inpatient environment.  

 

2.4.9 Psychostimulants 

While methylphenidate has been shown to be highly effective in treating ADHD, and has some 

evidence of reducing symptoms of ODD and CD, it appears that higher dosing, of up to 40 mg per 

day, is required in CD for improved symptoms, including aggression and impulsivity.52,56 Of the 

included studies, only one involved the use of a psychostimulant alone and found treatment of 

aggressive behaviour with long-acting MPH efficacious when compared to placebo.56  

 

2.4.10 Selective noradrenaline reuptake inhibitors (SNRI) 

One included study of ATX found positive effects on HRQoL including emotional well-being, self-

esteem and relationships with friends and family in those with ADHD and comorbid ODD or CD.42 In 

terms of safety, there was a high incidence of treatment-emergent adverse events which were 

published separately.42 The findings of this review are limited for ATX as the primary outcome for the 

included study was the effects on HRQoL rather than safety or behavioural improvements, therefore 

minimal recommendations can be made regarding ATX in children and adolescents with CD. 
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2.5 Discussion 

The pharmacology of pharmaceuticals used in CD, with the exception of psychostimulants prescribed 

for comorbid symptoms of ADHD, are not well understood.43 Biological phenomena such as genetic 

predisposition and atypical brain maturation or physiologically-based emotional dysregulation may 

play a role in the pathophysiology of CD, providing an opportunity for medication to aid in correction 

or ameliorating some of these factors.43 Despite this, examination of pharmacotherapy in CD alone 

and in comorbid conditions yielded incongruous results. This review highlighted concerns with the 

associated side effects and long term implications of pharmaceuticals used in this population, as well 

as the therapeutic challenges that present in CD. Antipsychotics appeared to have the most evidence 

for efficacy, however, displayed the most evidence for adverse effects. These findings were in line 

with the recently published Canadian Guidelines, which report safety concerns and limited evidence 

for efficacy for pharmacotherapy, with the exception of risperidone.62 Further, evidence for safety 

was limited and the use of pharmacotherapy in CD should be monitored closely. HRQoL was not 

reported for each drug class; therefore, it should be included as a secondary outcome in future trials.  

 

2.5.1 Antihypertensives 

The alpha adrenergic agonist, clonidine, may be useful for management of CD related aggression due 

to its noradrenergic mechanisms.52,63 It is licenced in North America for the management of ADHD in 

patients aged six to 17 years as monotherapy or in combination with psychostimulant therapy.64 A 

meta-analysis of 11 RCTs has demonstrated that clonidine exerts a moderate effect on symptoms of 

ADHD and may ameliorate impulsive aggression.65 Furthermore, a RCT of 67 children with ADHD and 

comorbid ODD or CD showed an improvement in conduct problems when treated with a 

combination of clonidine and a psychostimulant.66 As featured in the reviewed article, clonidine is 

often co-prescribed with a psychostimulant. It has been documented that clonidine may reduce 

associated side effects experienced with psychostimulants.67 Anticholinergic side effects such as day 

time drowsiness, constipation and xerostomia appear to be the most troublesome side effects 

associate with the use of clonidine.68 Slow titration and monitoring response to therapy, blood 

pressure, electrocardiogram, weight and height are recommended. If ongoing, the transdermal 

route of administration should be considered.68     

 

2.5.2 Antipsychotics 

Antipsychotics are antagonists or partial agonists at D2 dopamine receptors, but the majority also 

block a variety of other receptors.69 First generation antipsychotics (FGA) show some preference for 

D2 over D1 receptors, whereas some newer agents, namely SGA, are highly selective for D2 receptors. 
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Antipsychotic potency generally runs parallel to activity at D2 receptors; however, activities at other 

receptors (e.g., histamine, muscarinic and alpha) may reduce or contribute to unwanted side 

effects.69 In recent years the use of antipsychotics in children and adolescents has increased, while 

the age of consumers has decreased.69 Worryingly, these trends have not been matched by advances 

in understanding the safety profile of antipsychotics in this vulnerable population.69 The use of FGA 

has mainly been replaced by SGA due to their decreased propensity for serious adverse events such 

as extrapyramidal side effects (EPSE).70,71 Despite this, the use of SGA requires caution. Although the 

reviewed studies did not report any significant adverse events, the use of FGA and SGA in children 

and adolescents must be carefully balanced against the incidence and risk of side effects, which 

often outweighs beneficial responses.30 The prescribing of antipsychotics has been associated with a 

range of side effects; those related to metabolic abnormalities, increased prolactin levels and the 

risk of tardive dyskinesia are of particular concern in children given that they are going through a 

period of normal hormonal, neurological and social development.69 The likelihood that long-term 

use may be required is of concern, enhancing the importance of monitoring for side effects as 

consumers are at substantial risk of insulin resistance, diabetes, hypertension, social withdrawal and 

cardiovascular disease in adulthood.67,69 Further, the Canadian Alliance for Monitoring Effectiveness 

and Safety of Antipsychotics in Children (CAMSEA) features a concise guideline for the management 

of antipsychotic complications in this population.72 

 

Even though current literature appears to support the use of antipsychotics in children and 

adolescents with severe aggression, clinicians need to remain mindful of potential side effects 

associated with their use. These medications should only be used in this population after careful 

evaluation of risks and benefits and in conjunction with psychological interventions or after first-line 

treatment options have failed.73,74 

 

2.5.3 Anticonvulsants 

Divalproex is prescribed for various types of conditions in children and adolescents including 

epilepsy and mood disorders. Although its mechanism of action is not fully understood, it has been 

suggested that divalproex and related agents including valproate, may exert multiple 

pharmacological effects, including blockade of voltage-gated sodium ion channels, enhancing 

gamma-Aminobutyric acid (GABA), glutamate inhibition and acting upon serotonin and 

norepinephrine systems.75 A review published in 201076 found that divalproex lacked evidence 

concerning its safety and role in the management of treating recurrent aggression in borderline 

personality disorder, concluding that further research was required. Furthermore, a recent meta-

analysis has found that there is low-quality and imprecise evidence for the use of divalproex for 
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aggressive behaviour in youth with ODD or CD, with and without ADHD compared to placebo.77 The 

findings of the review and meta-analysis supported the findings of this review, that further research 

is still required to determine the safety and efficacy of divalproex in children and adolescents with 

CD.   

 

2.5.4 Mood stabilisers 

Lithium affects several neurotransmitter systems, including serotonin, norepinephrine and 

dopamine to exhibit its pharmacological effects. Precisely how lithium produces these various 

effects is unclear, but it is likely to be through alterations in ion channels of cell membranes and 

effects on intracellular signalling.78 A meta-analysis featuring studies published before 2000, 

reported that there is low-quality evidence that lithium is associated with higher odds of response or 

remission than placebo for aggressive behaviour in hospitalised youth with CD.79 The use of lithium 

is often avoided in children and adolescents due its narrow therapeutic index and requirement for 

frequent blood monitoring. In addition, the associated adverse effects of nausea, vomiting, 

hypothyroidism, enuresis, ataxia, fatigue, cognitive impairment and metabolic complications limit its 

use.54 Due to the small sample size of the included study and unfavourable side effect profile, further 

research and long term follow-up data on safety and efficacy is required for recommendations to be 

made in relation the role of lithium in CD.   

 

2.5.5 Psychostimulants 

Psychostimulants such as MPH appear to be widely prescribed in those with CD due to the high 

incidence of comorbidity with ADHD.56 MPH is thought to act as a dopamine-noradrenaline reuptake 

inhibitor, enhancing neurotransmission.80 MPH is generally well tolerated, with side-effects of 

nausea, appetite suppression and insomnia often subsiding or responding to dose adjustment or 

changes in dosing schedule.81,82 Concerns about effects on growth have been considerably allayed by 

research demonstrating no overall effect.81,83 However, monitoring may be necessary as some 

individuals may be more susceptible to the appetite suppressant effect of stimulants or to the 

altered diurnal secretion of growth hormone.81 Furthermore, adequate monitoring for 

cardiovascular side effects including changes in blood pressure and tachycardia is recommended.80 

The role of psychostimulants in CD is unclear because of the heterogeneous nature of the reviewed 

patient population which included comorbid ADHD and ODD. Further investigation into the use of 

psychostimulants in pure CD and in those featuring callous and unemotional traits may be useful.22  
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2.5.6 Selective norepinephrine reuptake inhibitors (SNRI) 

ATX is a highly selective, non-stimulant presynaptic inhibitor of the noradrenaline transporter.84 It is 

a relatively new medication, requiring further research to determine its long-term safety and 

efficacy in children and adolescents. A 2006 meta-analysis revealed that ATX may not be an optimal 

psychotropic agent for treating childhood aggression;67 however, a recent review has found it to be 

efficacious in ADHD patients with behavioural comorbidities.85 There have been concerns regarding 

the safety of ATX with evidence suggesting it may be linked to appetite suppression, emotional 

lability, cardiac and hepatic adverse effects.67,86,87 A meta-analysis published in 2014 suggested that 

short-term use of ATX is safe and superior to placebo in children and adolescents with ADHD.88  

Furthermore, a recent safety analysis in adult patients found the most common adverse events 

associated with ATX use included nausea, dry mouth, decreased appetite, insomnia and erectile 

dysfunction. It was also found that there were modest increases in heart rate and blood pressure 

compared to placebo. Interestingly, there was found to be no increased risk of suicidal ideation and 

ATX was considered a useful treatment option from a safety perspective in adults.89 

 

2.5.7 Limitations of the review 

Due to the small sample size, methodological limitations of the studies, lack of uniform outcome 

measures and heterogeneity of the patient population, effect size could not be determined and a 

meta-analysis could not be conducted. The range of the search from the year 2000 until 2015 limits 

the scope of the review as agents with evidence prior to 2000 and novel agents emerging after 2015 

may not be included in the review. The nature and number of the included studies provided limited 

evidence for the role of pharmacotherapy in the management of CD in children and adolescents. 

 

2.5.8 Future directions for research and practice 

It was evident that there is a need for standardised and validated measures of outcome assessments 

for research involving children and adolescents with behavioural disorders. A move towards 

implementation of methodological and practical guidance has recently been outlined and is a 

priority area due to upsurge of clinical research in children and adolescents in the past decade.90 The 

novel subtyping of CD may overcome the challenge of diagnosis and facilitate treatment 

interventions that are more tailored to individualised therapy.22 Pharmacoeconomic evaluation and 

pharmacogenetic impacts were not addressed in any of the reviewed articles. Pharmacogenetics is 

an emerging area of research, which may improve the understanding of interpersonal variability to 

drug response and provide opportunities for improved therapies and clinical practice.91  Studies in 

the future may include measurement of gene functional polymorphisms and how epigenetic marks 

may affect drug effectiveness.92 A recent systematic review carried out by the National Institute for 
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Health and Clinical Excellence found that no studies assessing the cost effectiveness of 

pharmacological intervention for children and young people with conduct disorder were identified, 

emphasising a need for research in this area.43 Economic assessment is an important direction for 

future studies, as the cost of a therapy to consumers and the health system ultimately impacts upon 

clinical practice, patient outcomes and society.93 

 

It was identified that when investigating the role of a pharmacotherapy in those with CD, 

methodology for clinical trials may be challenging based on the diverse pathogenesis of the 

conditions and the frequency of comorbid conditions such as ADHD and ODD. In addition, the 

majority of studies conflated CD, ODD and ADHD, making it difficult to determine the efficacy of 

therapies for CD alone. Only five of the studies appeared to have included participants that had a 

primary diagnosis of CD.3,52,54,55,57 Due to trial design differences, comparative efficacy of the 

reviewed pharmacotherapies can only be established through head to head trials. The average 

duration of intervention in the reviewed studies was approximately eight weeks, with only two of 

the 12 studies clearly reporting follow-up of participants.45,50 Consideration should be given to 

include an intervention timescale of 12 weeks to ideally allow for adequate response to therapy and 

also allow sufficient duration to identify any adverse effects that may arise. The use of validated 

measure of outcomes is recommended to allow for future comparison and meta-analyses. 

Longitudinal or follow-up studies to assess long-term outcomes are imperative to determine the 

safety, efficacy and cost-benefit profiles of CD interventions. Finally, it would also be of value to 

assess the combination of psychosocial therapy with pharmacotherapy to determine the benefits of 

a multimodal approach.  

 

2.6 Conclusion 

This comprehensive literature review of current pharmacotherapies used in CD revealed that there is 

limited evidence regarding the safety, efficacy and impact on HRQoL for their use. It is widely 

emphasised in current guidelines that pharmacotherapy should not be used as a single approach, 

and that pharmacotherapy appears most efficacious when augmented with psychosocial therapies. 

More research is needed that takes into account the heterogeneity of CD. Future research should be 

directed at the analysis of pharmacotherapy in CD alone, as a large majority of literature conflates 

CD with ADHD, ODD and other behavioural or mental related disorders.  
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Chapter 3. An introduction to micronutrient therapy 

 

3.1 Nutritional psychiatry 

For centuries, psychiatry has debated the relative importance of nature and nurture. During the first 

half of the 20th century, the social and emotional environment during childhood was considered 

pivotal in the development of a person’s traits, personality and mental health.6 Since then, 

abnormalities in brain biochemistry have been extensively identified as contributing factors in 

mental illnesses including depression, schizophrenia and behavioural disorders.94-98  

 

Psychiatry is at an important juncture with few psychiatric drugs on the horizon and unfavourable 

long-term risk-benefit profiles for many existing medications. The current pharmacologically focused 

model has achieved modest benefits in addressing the burden of psychiatric illness worldwide.99,100 

Although the pathophysiology of mental health disorders is complex, the emerging and compelling 

evidence for the impact of nutrition on the incidence and prevalence of mental disorders suggests 

that diet is important to psychiatry.99,101  

 

Over the past few decades populations in both developed and developing countries have consumed 

nutrient-poor, energy-dense, highly-processed diets in a historically unique phenomenon which has 

led to many overfed and undernourished individuals.99 Although calorie intake has increased, many 

individuals do not meet the recommended dietary intakes of essential nutrients including B-group 

vitamins, zinc and magnesium.101 These poor dietary habits, along with tobacco use, alcohol 

consumption and insufficient physical activity have resulted in an epidemic of ill health.99 

 

At a basic level the mechanisms by which nutrition may affect mental health appears logical: the 

human brain is reliant on amino acids, fats, vitamins and minerals and trace elements to operate at a 

high metabolic rate, requiring substantial energy and nutrient intake.99,102  A whole-food diet, 

consisting of vegetables, fruits, seafood, whole grains, lean meat, nuts and legumes, with avoidance 

of processed foods, is more likely to provide the nutrients that afford resiliency against the 

pathogenesis of mental disorders.99  

 

The concept of nutritional psychiatry, which has been described as the relationship between dietary 

patterns and risk of mental health disorders, has rapidly progressed in recent years with interest 

groups such as the International Society of Nutritional Psychiatry Research (ISNPR) being 

formed.100,102 This has led to scientifically rigorous studies which have substantially contributed to 
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the understanding of the role of nutrients in mental health. For example, epidemiological studies 

have shown associations between healthy dietary patterns and a reduced prevalence of, and risk for, 

depression103,104 and suicide.105 Maternal and early-life nutrition has also been identified as a 

determinant of later mental health outcomes in children106,107 and severe nutrient deficiencies 

during pregnancy have long been implicated in the pathogenesis of both depressive and psychotic 

disorders.108 A recent systematic review has also confirmed the relationship between unhealthy 

dietary patterns and poorer mental health in children and adolescents.109 These data suggest that 

nutrient intake is a key modifiable intervention target for prevention and potential treatment of 

mental disorders.99 

 

On the contrary, even with an ideal diet, it has been shown that some individuals are predisposed to 

lack certain nutrients and have excess of others, where biochemical abnormalities may result due to 

a lack of homeostatic balance of both macronutrients and micronutrients, leading to mental 

illness.7,10,11,110 This is a contemporary area of research that has focussed on the relationship 

between nutrition, nutritional deficiencies and mental health, and the use of nutrient supplements 

as therapeutic agents in a variety of contexts.99,110,111 The early pioneers in this field, Abram Hoffer 

and Carl Pfeiffer, have described success in treating psychiatric illnesses using high doses of vitamins, 

minerals and trace elements, also referred to as micronutrients.11 Convincing data suggest that 

select nutrient-based supplements in isolation, or in combination, may provide many neurochemical 

modulatory activities that are beneficial in the management of mental disorders.110 Examples of 

these nutrient-based supplements include zinc, B vitamins, vitamin C, vitamin D, vitamin E and 

omega-3 fatty acids.10,11,110  

 

3.2 Micronutrient therapy and biochemical imbalances  

Evidence suggests that chemical imbalances in the body may be as important an influence on 

behaviour as environmental factors such as trauma and abuse that traditionally have been accepted 

as the root causes of mental illness.10,112 Macronutrients and micronutrients are required by the 

body for various functions including the production of hormones, neurotransmitters and immune 

function. Macronutrients are required in large amounts and include carbohydrates, protein and fats, 

whereas micronutrients are required in smaller amounts and include vitamins, minerals and trace 

elements.6,10 Neurotransmitters are primarily synthesised in the brain from amino acids, vitamins 

and micronutrients where excessive or depressed levels may result in biochemical imbalances in the 

brain. The resulting biochemical abnormalities may lead to behaviour disorders in individuals due to 

altered brain biochemistry.10  
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Excessive or depressed levels of micronutrients including copper, zinc, vitamin B6 and folate may 

lead to unfavourable behavioural outcomes due to their role in neurotransmitter production. For 

example, copper is a factor in the conversion of dopamine to noradrenaline, zinc is required for the 

efficient synthesis of gamma-Aminobutyric acid (GABA), B group vitamins are required for the 

synthesis of serotonin, dopamine, GABA and noradrenaline and for the efficient production of 

catecholamines.10 Therefore, the precise identification and correction of biochemical imbalances 

may be a key innovation to the treatment and prevention of mental health disorders. 

 

3.2.1 Mechanism of action of micronutrients in mental health 

Micronutrients are essential for neurological development, cognition, protection against oxidative 

stress, and as cofactors for synthesis of neurotransmitters.113,114 It is possible that psychiatric 

disorders may be indicative of inborn metabolic insufficiency due to suboptimal availability of 

micronutrient cofactors.115,116 Micronutrient therapy is aimed at overcoming genetic or acquired 

abnormalities in neurotransmitter precursors and other important body chemicals.10 Raising cellular 

concentrations of the cofactor through high-dose micronutrient therapy is an approach to target 

metabolic insufficiency. Micronutrient supplementation could provide sufficient cofactors for 

enzymes with drastically reduced activity to become supersaturated to restore function.110  

 

Every neurotransmitter undergoes many metabolic steps for synthesis, uptake and breakdown. Each 

step requires enzymes, and every enzyme is dependent upon multiple coenzymes or cofactors.100,110 

Multiple micronutrients are required as cofactors in most, if not all of those steps.99 Therefore, 

treating biochemical imbalances usually requires more than one micronutrient. Improving metabolic 

efficiency at the level of neurotransmission is only one of several mechanisms that have been 

proposed to explain how micronutrients affect brain function and behaviour. Others include 

enhanced antioxidant activity, improved bio-energetic function, improved methylation and 

facilitation of mitochondrial function.117  

 

It has been suggested that micronutrients targeting biochemical imbalances determined by clinical 

examination and pathology will improve behaviour with minimal side effects; however, until 

recently, RCTs conducted in this area were scarce.6,11 Most scientific methodology involves the 

adjustment of a single variable in an experiment and this is perhaps the reason for the lack of RCTs 

using multiple micronutrients.100 Despite this, in recent years there has been an increase in both the 

quantity and methodological quality of research directed at exploring the relationship between 

micronutrients and mental health.4 There are over 20 placebo-controlled RCTs demonstrating the 

benefit of micronutrients in psychiatry for treating stress, anxiety, aggression, low mood, autism and 
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ADHD.110,118 Robust associations have been established between nutritional quality and mental 

health, with evidence indicating that dietary improvement may provide efficacious treatment for 

depression.101 Regardless of promising evidence, the full extent of the nutritional approach to 

mental illness is largely unknown. 

 

As micronutrients cannot be patented and government regulations on micronutrients are variable, 

big pharma have minimal financial gain for funding research, development and clinical trials.100 The 

potential societal benefit of micronutrient intervention may be extensive, with favourable safety 

profiles and associated research expected to cost less than the development of a new 

pharmaceutical.100 As neuroscience advances and biochemical treatments to correct brain chemistry 

become better defined, individualised micronutrient therapy may provide a novel approach for 

those with mental health disorders.11  

 

3.3 The role of biomarkers in targeted micronutrient therapy 

A biomarker is a chemical characteristic that is objectively measured and evaluated as an indicator of 

normal biological processes, pathogenic processes or pharmacological responses to a therapeutic 

intervention.119 Biomarkers have the potential to predict certain behaviours, personality traits and 

mental or emotional capacity.119 There has been increased interest in biomarkers in psychiatry with 

the hope that such indicators may improve psychiatric diagnostics and lead to individualised 

treatment approaches through underpinning physiological evidence.119  

Perhaps a novel approach to the diagnosis of behavioural disorders, biomarkers have been utilised 

to assist in the identification of biochemical imbalances. Blood and urine pathology have been 

utilised to evaluate methylation processes, oxidative stress, copper/zinc ratio and metal 

toxicities.7,10,11,33  

 

A brief overview of the principal biochemical imbalances and their corresponding biochemistry, 

biomarkers, observed traits, signs and symptoms as outlined by the Walsh Research Institute is 

presented in Table 3.1 and detailed below.  

 

3.4 An overview of biochemical imbalances targeted by micronutrient 

therapy 

Evidence is lacking for the use of biochemical imbalances as a target for micronutrient therapy. 

However, it appears that the most structured and scientifically published approach to micronutrient 

intervention in biochemical imbalances is that employed by the Walsh Research Institute.6,7,10,11,33,120 
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This approach originated from the work of Abram Hoffer in the 1960s121-124 and Carl Pfeiffer125-127 

(1950s to 1970s) and involves the classification of key biochemical imbalances based on recurring 

traits, signs and/or symptoms in conjunction with the detection of chemical biomarkers in blood and 

urine. An individualised treatment approach is used, as an individual may have more than one 

imbalance.6,7,10,11,33 The Walsh Research Institute has trained over 230 medical practitioners 

internationally since 2000. Training is conducted annually and has been recognised by the Royal 

Australian College of General Practitioners and the Australian College of Rural and Remote 

Medicine.128  

 

3.4.1 Methylation 

The process of methylation refers to the addition or ‘donation’ of a methyl group (-CH3) to a 

molecule.116 There are hundreds of methylation reactions in the body responsible for the activation 

and/or regulation of gene expression and enzymes, DNA transcription and the synthesis of 

neurotransmitters.116 A correct pattern of genomic methylation is essential for healthy cells and 

organs.129 Inappropriately established and/or maintained methylation processes may result in 

mental retardation, immune deficiency, and sporadic or inherited cancers.129 Further, many 

disorders previously believed to be genetic and resistant to treatment are being uncovered as 

epigenetic in origin.130 Methylation dominates epigenetics, a phenomenon that is revolutionising the 

understanding of conditions such as cancer, heart disease, mental illness and autism.131 Aberrations 

of methylation in mental illnesses such as autism spectrum disorder (ASD), depression and obsessive 

compulsive disorder (OCD) have been reported in the literature.6,10,33,92 These aberrations have been 

described as either ‘overmethylation’ or ’undermethylation’ and are thought to be accompanied by a 

specific cluster of observed traits, signs and symptoms.6,11,33 Psychological stress may also impair 

methylation reactions through abnormal gastrointestinal function, resulting in altered availability of 

nutrients for neurotransmitter synthesis and function.116,132 

 

Histamine is formed by the decarboxylation of histidine and is metabolised by the enzymes 

histamine-N-methyl transferase and diamine oxidase.11 It has been suggested that histamine and 

methyl groups may be present in measurable levels throughout the body. As histamine is 

methylated for its metabolism, Walsh believes it may be utilised as an inverse indicator of the 

methylation status (not mental status) of an individual i.e., high histamine suggests 

undermethylation and low histamine suggests overmethylation.6,7,10,11,33  
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Table 3.1 Principal targets for micronutrient intervention including biochemistry, biomarkers, traits, signs and symptoms

Potential  target(s) for 
micronutrient 
intervention6 

Biochemistry6 Biomarkers utilised in 
biochemical 
diagnostics7,10 

Observed traits, signs and symptoms6,11 

Methylation Undermethylation  
 
 

Elevated whole blood 
histamine (>2µmol/L) 
 

Chronic depression, obsessive-compulsive tendencies, phobias,   
seasonal allergies, watery eyes, hyperhidrosis, hypersalivation, 
perfectionism,  strong-willed, competitive, ritualistic behaviours, high 
libido, low pain threshold, addictive tendencies, sparse body hair.  

Overmethylation  Low whole blood 
histamine (<0.2µmol/L) 

Anxiety, dry eyes, xerostomia, hirsutism, insomnia, post-partum 
depression, food and chemical sensitivities, oestrogen intolerance, 
intolerance to first generation antihistamines, adverse reactions to 
SSRIs/methionine/SAMe, non-competitive, low libido, talkative, 
obsessive.  

Elevated Copper, Low 
Zinc 

Low plasma zinc Plasma zinc (<9µmol/L) Poor stress control, aggressive, leukonychia, frequent infections, poor 
wound healing, poor muscle development, poor concentration, 
insomnia, premature greying of hair, stretch marks on skin. 

Elevated copper Serum copper 
(preferred), plasma 
copper (>25µmol/L), 
ceruloplasmin 

Anxiety, insomnia, hyperactivity, emotional meltdowns, 
underachievement, tinnitus, oestrogen intolerance, menstrual 
abnormalities, skin sensitivity to metals and rough fabrics, sensitivity 
to food dyes. 

Pyrrole Disorder  Elevated  urine  
hydroxyhemopyrroline-
2-one (HPL), elevated 
oxidative stress, low 
plasma zinc and vitamin 
B6 

Urine HPL (>20µg/dL) Anxiety, explosive anger, violence, aggression, poor stress control, 
poor short-term memory, reading disorders, sensitive to noise and 
bright lights, poor dream recall, dry skin, underachievement, aversion 
to breakfast, frequent infections, mood swings, inner tension, 
abnormal fat distribution, delayed puberty. 

Toxic Metal Overload Heavy metal 
accumulation 

Blood, hair and/or urine 
testing may be used 
depending on the 
suspected causative 
agent. 

Irritability, short- temper, abdominal discomfort, poor appetite, 
metallic taste, bad breath, changing personality. 
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3.4.2 Elevated copper, low zinc 

When there is a deficiency of zinc, copper appears to accumulate in the body which may contribute 

to violent behaviour, hyperactivity, learning disabilities, schizophrenia and depression.130 

Biochemical practitioners have observed in violent children exhibiting low zinc and copper elevation, 

that parents reported improvement once the child’s zinc levels were normalised.7  

 

Zinc is an important cofactor for metabolism of neurotransmitters, prostaglandins, melatonin and 

indirectly affects dopamine metabolism.130 It is an essential micronutrient and cofactor for a 

multitude of enzymes required in the metabolism of carbohydrates, fatty acids, proteins and nucleic 

acids.133 Zinc protects sulfhydryl groups of proteins and enzymes against free radical attack in the 

body by acting as an antioxidant.134 Although its precise role is not fully understood, low zinc levels 

could alter neuron activity, result in neurological dysfunction, and impact upon the 

neurodevelopment, intellect and behaviour of children and adolescents.7,130 Children are vulnerable 

to deficiency since there are increased zinc requirements during periods of rapid growth that may be 

unmet.135,136 Severe zinc deficiency affects numerous functions in the body including the immune, 

gastrointestinal, skeletal, reproductive and central nervous systems.135,137 It is uncommon in the 

developed world; however, widespread marginal zinc deficiency has been identified by a number of 

studies with clinical implications. Although prevalence is not reported, marginal zinc deficiency is 

believed to be widespread.135,138-141 In biochemical medicine, zinc deficiency has been described as 

the most abundant imbalance in mental health.6,7 Those with depression, behavioural disorders, 

ADHD, autism and schizophrenia often display this biochemistry.6,7,10,133,142-144 This may be due to a 

genetic tendency for zinc depletion and/or the presence of oxidative stress which also contributes to 

a depletion of zinc stores in the body.6  

 

Copper is a trace element found in all tissues and is required for essential body functioning.145,146 It is 

present throughout the brain, playing an important role in central nervous system development.146 

Low concentrations of copper may result in incomplete development, whereas excess copper may 

lead to neurological pathogenesis.145-148 Copper is a cofactor in the synthesis of noradrenaline, a 

neurotransmitter associated with mental illnesses such as depression and anxiety.149 

An excessive amount of copper, described as biochemical copper overload, appears to lower 

dopamine levels and increase noradrenaline levels in the brain.6,7,10 This imbalance has been 

associated with paranoid schizophrenia, bipolar disorder, postpartum depression, ADHD, ASD and 

violent and aggressive behaviours.7,10  
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It has been observed that most people with elevated blood copper also feature low plasma zinc and 

excessive oxidative stress.6,7,148 At normal physiological state, copper levels are regulated by 

metallothionein and other proteins which bind to excess copper for excretion out of the body.6 

Published evidence supports that metallothionein activity can be reduced by both zinc deficiencies 

and/or oxidative stress.150 Zinc is the most efficient metallothionein promoter and plays a reciprocal 

role to copper, competing for the metallothionein binding protein and acting as a defence against 

copper by inhibiting its absorption from the gastrointestinal tract.151,152 Micronutrient therapy 

including zinc aimed to normalise copper levels may be inexpensive and effective at balancing 

dopamine and noradrenaline levels for mental health and behavioural disordered patients.6,7,10 

However, increasing zinc levels may lead to increased production of metallothionein and other zinc-

bearing proteins that drive copper out of the body. Therefore, patients receiving treatment for 

copper overload must do so gradually to prevent temporary copper elevation.6 

 

In recent years, efforts have been made to establish normal values and ratios of metals in various 

human media including serum blood and plasma, with the aim of determining the ranges which best 

support mammalian enzymatic activity and health.152 The blood plasma copper/zinc ratio has been 

reported as a promising biomarker for indicating stress in the metallothionein system.152 Studies 

investigating the ratio of copper to zinc are a contemporary area of interest with a recent article 

reporting that plasma copper/zinc ratio significantly correlated with teacher-rated inattention in 

ADHD children and adolescents.130  Elevated copper/zinc ratios have also been associated in 

assaultive young males,7 ASD152 and schizophrenia.151 A copper to zinc ratio of 1:1 for healthy 

controls has been reported in the literature.7,152 Whereas a mean copper to zinc ratio for assaultive 

males aged three to 20 was 1:1.40.7 No definitive biomarkers of total-body copper status exist.6 

However, plasma and serum measures have been used by biochemical doctors in conjunction with 

clinical examination for identification of biochemical imbalances.7,10,11 Other non-specific biomarkers 

for copper status include hepatic aminotransferase enzymes, interleukin-2 and urinary beta2-

microglobulin.145 A systematic review has reported that plasma, urinary and hair zinc are reliable 

biomarkers of zinc status in healthy individuals, although further studies are required in adolescent 

populations.141,153  

 

3.4.3 Pyrrole disorder  

Walsh has reported an observational study of biochemical imbalances in 40 000 behaviour 

disordered subjects who displayed elevated urine hydroxyhemopyrroline-2-one (HPL) and a 

deficiency in vitamin B6 and zinc.6 In children and adolescents this biochemistry was often 

accompanied by explosive anger, violent and aggressive behaviours, anxiety, mood swings, poor 
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short-term memory and poor stress control.10,154 Micronutrient intervention with pyridoxine 

(inactivated B6), P5P (activated vitamin B6), zinc, biotin and antioxidants has demonstrated a 

reduction in urine HPL and improvements in neurobehavioral symptoms.7,10,11,151 

 

The potential of HPL in mental health was identified more than 50 years ago when researchers 

noticed that urine samples of psychotic subjects developed a mauve colour.155,156 After a period of 

initial activity in the late 1970’s, no basic research on HPL and its role in behaviour has appeared in 

peer-reviewed literature for many years.157 Reasons for this disparity include the initial 

misidentification of HPL by Irvine et al.,154 in 1969 and again by Sohler et al.,158 in 1970 in the high-

profile scientific journal Nature. To this day, little is known about the exact biochemical mechanisms 

of HPL at a biomolecular level due to the difficulty in analysing the highly instable, heat and light-

sensitive compound.156,157 Current evidence suggests that HPL is an organic pyrrole-containing 

compound that is detectable in urine156,157 and it is thought to arise as an abnormal product of haem 

metabolism under conditions of elevated oxidative stress.151,159-162 Pathology collection occurs under 

dim light, where ascorbic acid (vitamin C) is added and the sample is wrapped in foil and placed in 

liquid nitrogen for transport.155  

 

HPL has recently emerged as a legitimate biomarker of oxidative stress in schizophrenia and 

schizoaffective psychosis.151 Further, it has been reported that HPL has a high affinity for pyridoxal-5-

phosphate (P5P) and zinc, which may result in a deficiency of these micronutrients.155-157 As 

micronutrients have an essential role in oxidant and antioxidant mechanisms in the body, 

imbalances may also result in susceptibility to oxidative damage contributing to ill mental 

health.10,130 Therefore, it has been hypothesised that HPL may be a useful biomarker for a 

biochemical imbalance of low zinc, vitamin b6 and oxidative stress.156 Interestingly, it has also been 

reported that there may be a pattern of low plasma biotin in those with elevated HPL.156 With 

technological advances and improved sensitivity of analysis, HPL may have the potential as a routine 

diagnostic tool in mental illness. Human studies that evaluate the impact of micronutrient 

intervention on urinary HPL are lacking therefore, further investigation is required to determine if 

HPL can show further value as a biomarker, particularly following intervention.  

 

Vitamin B6 is required by more than 100 enzymes involved in protein metabolism and is a cofactor 

for over 80 biochemical reactions including the efficient synthesis of the neurotransmitters 

serotonin, dopamine and GABA. It exists in three major chemical forms: pyridoxine hydrochloride, 

P5P and pyridoxamine.163 Pyridoxine hydrochloride is the most common form of vitamin B6 which is 
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converted to P5P, the activated form of B6 in the body and brain.164 Deficiency can result in altered 

levels of neurotransmitters and may contribute to conditions including ADHD, depression, anxiety, 

sleep disorders and mental illnesses.100,110,165 In the context of violent and aggressive behaviours 

vitamin B6 is an understudied micronutrient. Due to the high affinity that HPL has for the aldehyde 

structure of vitamin B6, further research into the identification of this mechanism and its role in 

vitamin B6 depletion and behaviour is crucially needed.163 The transaminase stimulation blood test is 

considered the “gold standard” for determining vitamin B6 status;166 however, it is not commercially 

available. It has been suggested that individuals with this deficiency exhibit elevated levels of the 

HPL biomarker.156,157 

 

See section 3.4.2 for the explanation of the importance of zinc, zinc deficiency symptoms and link to 

oxidative stress. 

 

3.4.4 Toxic metal overload 

Overloads of lead, aluminium, cadmium, lead, mercury and arsenic have been observed in mentally 

ill patients and those with ASD.6,167 Anecdotal evidence has described individuals with biochemical 

imbalances such as overmethylation and low levels of zinc, glutathione, selenium, and/or 

metallothionein may be sensitive to toxic metals found in pesticides and industrial chemicals,6 where 

mechanisms for excretion of heavy metals may be inadequate.168 Blood, urine and hair samples have 

been used as environmental toxicant biomarkers.168 Biochemical treatment involves avoidance of 

the causative agent, removal of toxins from the body and correction of underlying imbalances to 

minimise future vulnerability.6 

 

3.4.5 Other biochemical imbalances 

3.4.5.1 Amino acid disorders 

Amino acids play an important role in brain chemistry and are usually found within normal 

concentrations, provided from dietary sources.169  Rare genetic polymorphisms may alter the levels 

of amino acids in the brain and adversely impact mental functioning.6 For example, GABA is both an 

amino acid and a neurotransmitter and its dysfunction has been associated with mental disorders 

including anxiety, depression and psychosis.170  

 

3.4.5.2 Malabsorption 

There is evidence to support the role of malabsorption in depression.171 While few cases of mental 

illness involve serious malabsorption, those with ASD may exhibit malabsorption problems.6,172 

Faecal microbiology may be used to investigate malabsorption issues due to bacteria dysbiosis in the 
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gut.173,174 Intervention is based on the underlying cause of malabsorption and may include 

administration of digestive enzymes, antioxidants and/or dietary intervention.6  

 

3.4.5.3 Essential fatty acids 

Fatty acids are essential for both the developing and adult brain, and these lipids make up roughly 

50% of the brain's dry weight.175,176 Due to genetic variations, biochemical individuality exists with 

respect to the ideal dietary intake of fatty acids.177 Ninety per cent of the lipid content at brain 

synapses is made up of docosahexaenoic acid, eicosapentaenoic acid, arachidonic acid, and dihomo-

gamma-linolenic acid. Of these essential fatty acids, docosahexaenoic acid is found in the highest 

concentration, appearing to have the greatest impact on brain function.6 Published evidence 

suggests that docosahexaenoic acid deficiencies can contribute to impairments in cognitive and 

behavioural performance178 and have been associated with depression, ADHD, schizophrenia, 

bipolar disorder and dementia.179-181 

 

3.4.5.4 Poor glycaemic control 

Chronic hypoglycaemia has been observed in patients with mental and behavioural disorders.182 

Poor glycaemic control may be an exacerbating factor of behaviour disorders featuring symptoms 

such as post-prandial drowsiness, irritability, trembling, anxiety and poor concentration. 

Micronutrient intervention may include supplementation with chromium or manganese; however, 

the primary focus is diet modification.6  

 

3.5 Micronutrient therapy as an intervention in violent and aggressive 

children and adolescents 

Aggression and violence in children and adolescents is of worldwide public health importance.1 It is 

of increasing concern in society with violent crimes such as terrorism, massacres, school-shootings 

and wars originating from aggressive roots.183 Adolescents and young adults commit violent crimes 

at a higher rate than other age groups. Given the multitude of serious problems associated with 

violent crime such as costs to victims, taxpayer dollars and heightened safety concerns, it is 

particularly important for early intervention.2 

 

Lack of clarity may likely represent disagreement among researchers in defining aggression, possibly 

due to the heterogeneity of the condition.22 Even within the field of psychiatry, there is no precise 

definition for aggression. For example, the DSM-V23 reports aggression as a feature of CD and IED, 

but states that aggressive behaviour can occur within other mental disorders.24 Due to the persistent 
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nature of the behaviours, CD is given as a diagnosis in children and adolescents who display ongoing, 

severe violence and aggression.    

 

Problematic aggressive behaviours may occur as early as four years of age; therefore, treatment of 

young children is sometimes necessary. Nevertheless, transient disruptive behaviours are common 

during the preschool years; thus it is important to distinguish pathological aggression from 

developmental variations.36 Young males are especially prone to aggression, whereas females exhibit 

more covert aggression and less intense behavioural disturbance. Approximately half of school-aged 

children who are aggressive continue to exhibit such behaviour in adolescence.184 Early aggression is 

a key predictor of later delinquency, and these children are more likely to display the most severe 

symptoms in adolescence through to adulthood with potential for increased illicit substance use, 

delinquency, antisocial behaviours, poor self-esteem and other mental health disorders.36,38,184  

 

As previously discussed in Chapter 2, children and adolescents with CD are at considerable risk of 

poor health outcomes. Given the potential adverse trajectory for those with CD, early intervention 

and prevention strategies are often warranted.9 CD is often refractory to first-line interventions.31  

Psychological interventions have been considered the best supported treatment for those with CD, 

however a recent meta-analysis has reported these treatments have small effect.31 Off-label 

prescription medication including antipsychotics, psychostimulants, anticonvulsants and mood 

stabilisers is often required to manage severe cases of CD despite the limited evidence for safety, 

efficacy and impact on quality of life (QoL).9,185 These medications are associated with significant 

adverse events (e.g., metabolic, cardiovascular, thyroid and sedation) resulting in a treatment gap 

and an opportunity to investigate adjunctive and/or novel interventions with more acceptable risk-

benefit ratios.9  

 

Due to the heterogeneity of CD, children and adolescents often exhibit vastly different symptom 

profiles.22 Therefore, individualising treatment for troublesome symptoms such as aggressive 

outbursts may also need to be considered the target of therapy.9 Micronutrient interventions may 

be useful for the management of child and adolescent CD with the ability to individualise therapy 

based on biochemistry with a favourable side effect profile.100  

 

3.5.1 Micronutrient therapy for violence and aggression  

Although evidence for micronutrient therapy has been increasing, studies including violent and 

aggressive subjects are lacking. This may be because violence and aggression can feature across 

many mental health disorders and are not just specific to CD and IED. Additionally, it may be because 
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clinical trials often focus on a particular DSM-V diagnosis for research rather than a selection of 

symptoms. Early observations of prisoners, ex-prisoners and violent children in the 1970s revealed 

trends in biochemical imbalances of copper, zinc, lead, cadmium, chromium, manganese, calcium, 

magnesium, sodium, potassium, lithium and cobalt (Table 3.2).6 This led to a pilot interventional 

study of 33 children with ADHD and behavioural disorders where they received micronutrient 

therapy for two years, resulting in improved academics and behaviour.6 Two preceding double-blind 

studies examining blood copper/zinc ratios (Cu:Zn) were conducted before an observational study of 

elevated Cu:Zn in assaultive young males was published in 1997.7     

 

Since the late 1990s there has been a steady increase in literature for the use of micronutrient 

therapy for behavioural disorders including violence and aggression. The majority of published 

studies include commercial formulations of multiple micronutrients such as EMPowerplus™ which 

contains a proprietary mix of ingredients including retinyl palmitate (vitamin A), ascorbic acid 

(vitamin C), cholecalciferol (vitamin D), vitamin E, thiamine (vitamin B1), riboflavin (vitamin B2), 

niacin (vitamin B3), vitamin B6, folic acid (vitamin B9), cyanocobalamin (vitamin B12), biotin, 

pantothenic acid, calcium, iron, phosphorus, iodine, magnesium, zinc, selenium, copper, manganese, 

chromium, molybdenum and potassium.114,117,186-188 A review of single-nutrient interventions in 

mood disorders has provided promising results for the use of micronutrients including zinc, 

pyridoxine (vitamin B6), alpha-tocopherol (vitamin E), chromium and selenium.116 A RCT of 231 

young offenders receiving micronutrients containing omega-3 and omega-6 fatty acids showed a 

35.1% decrease in disciplinary incidents compared to a reduction of only 6.7% in those receiving 

placebo.112 Similarly, a RCT of 326 incarcerated male youth receiving micronutrients, fish oil and 

evening primrose oil reported a 34% reduction in aggressive incidents in those receiving treatment 

compared to a 14% increase in incidents in those receiving placebo.189 Further, a study of delinquent 

behaviour in 80 school-children, aged six to 12 found a 47% lower mean rate of antisocial behaviour 

requiring discipline (e.g., fighting, disorderly conduct and endangering others) in those taking 

micronutrients compared to placebo.190,191 In 2004 Walsh et al., published an article about the 

reduction of violent behaviours following micronutrient therapy. Two-hundred and seven 

participants (median age 11.5 years) had biochemical imbalances including elevated copper/zinc 

ratio, methylation abnormalities, elevated HPL, heavy-metal overload, glucose dyscontrol and 

malabsorption. They received standardised treatment protocols for each imbalance identified, 

resulting in a significant reduction in frequency of assaults and destructive incidents.10 
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The ability to individualise therapy based on biochemical profiling and through personalised 

pharmaceutical compounding may be a novel way to provide better treatment outcomes. It may 

benefit child and adolescent populations, especially those with aggressive conduct disorders, where 

there is a lack of safe and effective pharmacotherapies for management of their conditions.9 

Ultimately, it may be that individualised micronutrient dosing is optimal based on detectable genetic 

variations in micronutrient metabolism, including receptor or transcription factors.114  

 

3.5.2 Biochemical profiles and potential biomarkers in violent and aggressive children 

and adolescents 

There is a multitude of biochemical and neurochemical inductors of aggression reported in the 

literature, where androgenic, serotonergic, noradrenergic, dopaminergic, GABAergic and opioidergic 

mechanisms are involved in the formation of aggressive behaviour.8 Neuroscientists have identified 

nutrients required for the synthesis of neurotransmitters, gene regulation and antioxidant 

protection.5,6 Changes in concentrations of different micronutrients (i.e., zinc and P5P) as well as 

other organic and inorganic compounds may also contribute to aggressive behaviour.7,8 To date, no 

biomarker for conduct disorder and its associated violence and aggression has achieved the status of 

clinical utility as a diagnostic tool or as a predictor of treatment outcome. There are reports that 

explosive anger, aggression and violence may be associated with a biochemical deficiency of vitamin 

B6 and zinc, an elevation of free copper levels and low plasma biotin.7,10,156 Elevated urinary HPL has 

also been observed, known as a biomarker of oxidative stress.7,10,151 Further, plasma copper, plasma 

zinc, and copper/zinc ratios have shown promise with correlations to aggressive and violent 

behaviours.7,10 
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Table 3.2 Summary of biochemical research conducted by Walsh and the Walsh Research Institute in those with violent and aggressive behaviours 

Study design Age  Participants Inclusion criteria Intervention Findings 

Intervention study 
(1970s)

6
 

 

5-14 years 33 Prior diagnosis of ADHD or behavioural 
disorder. 
Identify from high poverty/high crime 
residential area. 

Nutrient therapy 
intervention for 2 
years. 
 

ADHD: 71% showed improvement in academics. 
Behavioural disorder: 81% showed improvement in behaviour. 
Improvements achieved appear to be better than similar studies in 
wealthy or rural areas. 

Observational study  
(1974)

6
 

 

Adult  Unclear Prisoners and ex-convicts with history 
of extreme violence.  
Good childhood and upbringing.  
Previously failed interventions including 
physical punishment, behaviour 
modification and/or counselling. 

Nil; observational 
study. 

Abnormal levels of copper, zinc, lead, cadmium, chromium, 
manganese, calcium, magnesium, sodium, potassium, lithium and 
cobalt.  
Differed to siblings, lied from early age, assaultive, cruelty to family 
pets, oppositional and defiant. 

Double-blind 
paired sibling study  
(1975)

6
 

Median 
15 years 

48 (paired 
brothers) 

Control: ideal behaviour, sound 
academic records. 
Comparator: delinquent, history of 
violent assaults.  

Nil; observational 
study 

Control: normal metal levels, normal copper/zinc ratio (Cu:Zn) 
(Reference range Cu:Zn = 0.8:1.2) 
Comparator: ↑lead and cadmium; abnormal Cu:Zn. 
↑ Cu:Zn: periods of good behaviour with episodes of violent outbursts, 
remorse after meltdowns, often diagnosed with intermittent explosive 
disorder 
↓ Cu:Zn: oppositional, defiant, assaultive, cruel to animals, pyromania, 
growing up to be diagnosed with antisocial personality disorder. 

Double-blind 
observational study 
(1976)

6
 

Adults and 
juveniles 

180 (males) Control: 84 non-violent. 
Comparator: 96 extremely violent 
prisoners/ex-convicts/first offenders or 
juveniles. 

Nil; observational 
study 

Control: 81 normal Cu:Zn; 3 abnormal Cu:Zn. 
Comparator: 35 exhibited elevated Cu:Zn; 57 depressed Cu:Zn; 4 
normal Cu:Zn 

Observational study  
(1994)

7
  

Adolescents 153 (males) Control: 18 non-assaultive. 
Comparator: 135 assaultive outpatients 
presenting for medical treatment. 

Nil; observational 
study 

Control: mean Cu:Zn = 1.02 
Comparator: mean Cu:Zn =1.40 (p<0.01) 
(Reference range Cu:Zn = 0.8-1.2) 

Outcome study 
(2003)

10
 

Mean 11.5 
years 

207 (149 
males, 58 
females) 

Biochemical imbalances 
with or without ADHD/CD/ODD/other  
behavioural disorders. 
Previously failed 
psychosocial/pharmacotherapy. 
 

Individualised 
nutrient therapy 

Individualised biochemical therapy outcomes:  
Reduction in frequency of assaults p<0.001 
Reduction in frequency of destructive incidents p<0.001 
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3.5.3 Challenges in clinical studies of micronutrient interventions  

While individualised micronutrient dosing through biochemical profiling has emerged as a 

novel method to manage behavioural disorders, the personalised prescribing practices have 

precluded rigorous evidence in the form of RCTs.99,100,110 This could be attributed to the 

presence of multiple imbalances in a patient, who receives tailored treatment regimens.  

 

Conducting a clinical trial in micronutrient therapy is considered a challenge due to the 

individualised approach to diagnosis and treatment, different variables and multiple nutrient 

interventions. However, through strict inclusion and exclusion criteria, the design of a 

standardised treatment intervention may be possible for patients displaying similar 

biochemical imbalance(s).10 This would allow for the structured approach of identifying 

biochemical imbalances based on blood and urine pathology, signs, symptoms and traits to be 

utilised whilst incorporating scientific methods to assess the efficacy of micronutrient 

interventions.99  
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Chapter 4. A retrospective observational study of micronutrient 

therapy in male children and adolescents with violent and 

aggressive disorders  

 

4.1 Background and significance  

The display of violent and aggressive behaviours has different implications based on the age 

and gender of the aggressor.18 For boys, physical aggression is predictive of substance use, 

whereas for girls, anger an influencing factor for psychosocial disorders.192 Male and female 

aggression is displayed differently and can result in different outcomes. This is perhaps due to 

the earlier onset of puberty, hormones and menstruation in females.7,10 Diagnostically, it is 

imperative to differentiate between age and gender-appropriate, normative and non-

normative behaviours.73 Additionally, males often display unique biochemistry compared to 

their female counterparts.7,10 Due to these differences, the focus of this exploratory research is 

on male children and adolescents, aged four to 14, with violent and aggressive behaviours.  

 

As outlined in Chapter 2 and Chapter 3, biochemical therapy also known as micronutrient 

therapy may be an appropriate and safe intervention to bridge the therapeutic gap in children 

and adolescents with violent and aggressive behaviours. Anecdotally, more than 100 children 

and adolescents with behavioural disorders may be seen by an individual doctor trained in 

biochemical therapies per year. Consultations, associated pathology and prescribed therapies 

are expensive, with nil or minimal Medicare or government subsidies. Initial consultations and 

diagnostic pathology cost upwards of $1000AUD, and ongoing costs are approximately 

$100AUD per month. Despite the expense, biochemical therapy is in high demand, with 

waiting lists at clinics longer than six months for initial consultations. Due to its individualised 

nature, micronutrient therapy has primarily anecdotal evidence. With the envisioned 

trajectory of its popularity, a review of evidence is critically needed to evaluate the efficacy 

and safety of this practice. As micronutrient therapy is a relatively novel treatment approach 

and interventions for patients vary, a retrospective review of diagnostics, prescribing and 

patient outcomes appears the most appropriate way to create a foundation of evidence.  

 

Currently, no specific computer software exists for doctors trained in biochemical therapies 

that facilitates appropriate storage and retrieval of data for their diagnostic and treatment 

practices. For example, micronutrients have to be manually prescribed and entered into the 

software.  Therefore, to conduct a retrospective review it is imperative that an appropriate 

data collection instrument is developed. 
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4.2 Aims and objectives 

Aim:  To evaluate the prescribing patterns, diagnostic instruments and patient outcomes for 

the management of violent and aggressive disorders using biochemical therapy in male youth.  

Objectives: To conduct a retrospective, observational review of patient records for violent and 

aggressive males receiving biochemical therapy using a purpose designed instrument to 

preliminarily evaluate and to identify key trends for diagnosis, signs, symptoms, traits, 

pathology, family history, prescribed therapies and response to therapy.  

 

4.3 Methods 

4.3.1 Study design  

The study was a retrospective, observational review of patient records. Data from patient 

records over a period of two years, from June 2012 and June 2014 was included. The data was 

extracted and entered into a purpose-developed data collection instrument. 

 

4.3.2 Study population, location and duration  

Subjects were males who presented at the Happiness in Health Clinic, Palm Beach, Queensland 

with violent and aggressive behavioural disorders. They were under the care of one prescriber, 

were aged four to 14, had blood and/or urine pathology at their initial visit and received 

micronutrient intervention.  

 

4.3.3 Inclusion criteria and search strategy  

Biochemical diagnoses were unable to be coded due to limitations in the medical software; 

therefore, two search strategies were conducted to encapsulate all possible subjects required 

for review. A broad search of the clinician’s patient records on MedicalDirector® was 

conducted and the following limits were applied: “male”, “aged four to 14 at initial consult”, 

“seen since 01/06/2012 to 01/06/2014”. A more specific search of the clinician’s pathology 

requests for urinary HPL tests for males was also conducted. This was because elevated HPL 

levels had been documented in the literature in subjects displaying violent behaviours.10 

Subjects were excluded if their cause of behaviour was due to another medical condition such 

as Down’s syndrome or thyroid dysfunction. 

 

4.3.4 Development of data collection instrument 

Due to the large volume of patients, a review of 20 subjects was initially conducted to assist in 

the development of an appropriate data collection instrument for efficient data extraction and 

storage purposes. Subjects were selected at random from the patient files, regardless of 

gender and diagnosis to examine available data. Focus groups were facilitated to streamline 
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and refine the data collection instrument after data for five subjects had been extracted. This 

was to ensure all data required to be captured in the observational retrospective study was 

incorporated into the design of the instrument. 

 

4.3.5 Data collection 

The Griffith University Human Research Ethics Committee approved the study 

(PHM/07/14/HREC). Patient files were accessed electronically and were password protected. 

All data was de-identified to protect the privacy of subjects. Data from patient files for the 

instrument development was examined in four groups of five subjects. Essential data was 

identified and incorporated into the instrument for the retrospective study.  

 

Collected data from the retrospective study was entered into the developed data collection 

instrument in Microsoft® Excel. Patient demographics, previous medical history, social history, 

family history, diagnoses, signs and symptoms, pathology, dietary interventions, psychosocial 

interventions, prescribed pharmaceuticals and micronutrients, details of 

compliance/adherence and reports of efficacy and safety were extracted for analysis.   

 

4.3.6 Data analysis 

Statistical analyses were carried out using Stata® version 14.1193 and Microsoft® Excel version 

14.194 Primary outcomes were assessed using trend and thematic analysis. Nominal variables 

were described as frequencies and percentages, or proportions and their estimated 95% 

confidence intervals. 

 

4.4 Results 

4.4.1 Instrument development 

Instrument development took place during July and August 2014. A selection of 20 child or 

adolescent subjects who had presented between June 2012 and June 2014 with a behavioural 

disorder, had pathology conducted and appeared adherent to therapy were included. The data 

recorded in patient files was extracted and used to generate a Microsoft® Excel spreadsheet of 

patient demographics, birth history, social history, family history, signs, symptoms, traits, 

pathology, prescribed interventions and response to therapy. Focus groups were facilitated to 

streamline the collected data and create the instrument. Each meeting involved the review of 

extracted data for five subjects. Feedback from the focus groups was used to refine the 

instrument. A summary of the collected data is presented in Table 4.1. 
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The mean age at admission of the 20 reviewed subjects was 9.35 ± 3.67 years. Fourteen (70%) 

were male and six (30%) were female. Fifteen (75%) had been previously allocated a DSM-V 

diagnosis such as ADHD, anxiety, ASD, bipolar disorder, CD and/or ODD. Biochemical 

imbalances were documented by the clinician based on biomarkers and symptom clusters (see 

section 3.3 and 3.4.), along with clinical notes. Thirteen (65%) were diagnosed as pyrrole, one 

(5%) as undermethylator, three (15%) as both undermethylator and pyrrole and three (15%) as 

both overmethylator and pyrrole. Multiple signs and symptoms were documented based on 

the varying biochemical profiles of the reviewed subjects. The 40 most common signs, 

symptoms and traits were incorporated into the developed instrument. All subjects were 

prescribed a ‘primer’ formulation appropriate to their biochemical imbalance. Their 

intervention and dose prescribed are presented as formula name, included micronutrients and 

number of capsules prescribed (Table 4.1). Varying doses of the formulations were prescribed; 

the included micronutrients and quantity per capsule are presented in Table 4.2. All 

formulations were manufactured by a compounding pharmacy and contained ascorbic acid 

(vitamin C), pyridoxine (vitamin B6), P5P, zinc, vitamin E and magnesium. The formulation 

strength i.e., 25 mg or 50 mg was based on the amount of zinc picolinate per capsule. Subjects 

started on the lowest dose prescribed and gradually increased to their maximum prescribed 

dose, if tolerated. All capsules were to be taken with food in the morning and/or afternoon. 
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Table 4.1 Data for twenty patients retrospectively reviewed to assist in the development of a data collection tool   

Patient Age at 
admission 
(years)  

Gender Medical/DSM-V 
Diagnosis 

Biochemical 
Imbalance 

Intervention Dose Prescribed Efficacy/Time to 
response  

Adverse effects 
and tolerability 

1 18 Female Anxiety UM, P PP50  1-3 daily 3 months Well tolerated 

2 15 Female ADHD UM UMP50 1-3 daily 12 months Well tolerated 

3 16 Male Nil P PP50 1-3 daily - Nausea 

4 12 Male Bipolar P PP25 2 daily 6 months Nausea 

5 11 Male Nil OM, P TP50 4 daily 3 months Nausea 

6 10 Male ADHD/ODD P PP50 2 daily 4 months Well tolerated 

7 8 Male ADHD OM, P TP25  0.5 daily 2 months Well tolerated 

8 7 Male ASD P PP25 0.5 daily 2 months Well tolerated 

9 6 Male ASD P TP25 2 daily 6 months Well tolerated 

10 7 Male ODD/CD P PP25 2 daily 3 months Well tolerated 

11 6 Male ODD/CD P PP25 1-2 daily Worse behaviour Worse behaviour 

12 4 Male Nil P PP25 1 daily 5 months Well tolerated 

13 10 Female ADHD P PP25 3 daily 2 months Well tolerated 

14 9 Female Anxiety P TP25 2 daily 2 months Nausea 

15 11 Female ASD P PP25 4 daily 3 months Well tolerated 

16 8 Male ASD OM, P TP25 1-3 daily 4 months Well tolerated 

17 9 Male Anxiety P PP25 2 daily 2 months Nausea 

18 7 Male Nil UM, P UMP50 1-2 daily Worse behaviour Worse behaviour 

19 5 Female Nil P PP25 1 daily 2 months Well tolerated 

20 8 Male ODD, ASD UM, P UMP50 1 daily 1 month Well tolerated 

 

UM = Undermethylator; P = Pyrrole/elevated HPL; OM = Overmethylator, PP25 = Pyrrole Primer 25 mg, PP50 = Pyrrole Primer 50 mg, UMP50 = Undermethylator 

Primer 50 mg, TP25 = Tugun Primer 25 mg, TP50 = Tugun Primer 50 mg 
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Table 4.2 Micronutrients compounded into primer formulations, dose per capsule and dose ranges 
prescribed 

Compounded formula Micronutrients Dose per 
capsule 

Dose range 
prescribed 

HPL “Pyrrole” Primer 
25 mg (PP25) or 50 
mg (PP50) 

Vitamin C  
Vitamin B6 
P5P 
Zinc as picolinate   
Vitamin E as mixed tocopherols   
Magnesium oxide  

200-300 mg  
250 mg 
50 mg 
25 mg or 50 mg 
100 IU 
22 mg 

100-1200 mg 
125-1000 mg 
25-200 mg 
12.5-150 mg 
50-400 IU 
11-88 mg 

Tugun Primer 25 mg 
or 50 mg (TP) 

Vitamin C  
Vitamin B6  
P5P 
Zinc as picolinate  
Vitamin E as succinate  
Magnesium oxide  
Manganese gluconate  

250 mg 
50 mg 
25 mg 
25 or 50 mg 
100 IU 
22 mg 
7.5 mg 

125-1000 mg 
25-200 mg 
12.5-100 mg 
12.5-200 mg 
50-400 IU 
11-88 mg 
3.75-30 mg 

Undermethylator 
Primer 50 mg 
(UMP50) 

Vitamin C 
Vitamin B6 
P5P 
Zinc picolinate  
Vitamin E as succinate 
Magnesium oxide  
Methionine 

250 mg 
150 mg 
25 mg 
50 mg 
100 IU 
22 mg 
750 mg 

250-750 mg 
150-450 mg 
25-75 mg 
50-150 mg 
100-300 mg 
22-66 mg 
750-2250 mg 

 

Of the 19 subjects where response to intervention could be examined, 17 (89%) had 

documented improvement in their behaviour within 12 weeks on average. 

 

Five (25%) subjects experienced nausea, a common side effect associated with zinc. All of 

which had received 50 mg or more of zinc. Patients were informed of this potential adverse 

effect at initiation and educated how to manage (temporarily ceasing therapy, notifying the 

doctor and restarting at a lower dose three to seven days later). All patients who experienced 

nausea were able to tolerate a lower dose. Two (10%) patients (11 and 18) had a decline in 

their behaviour after initial therapy (in absence of adverse effects); patient 11 was switched to 

transdermal zinc which was well tolerated, with a favourable response. Patient 18 temporarily 

ceased therapy and reinitiated it at a lower dose. The seemingly safe use of all formulas, 

perhaps due to the six common ingredients, across a variety of biochemical imbalances 

suggests that the formulas may not cause harm if taken by someone with a different or 

combination of imbalances.  

 

After four completed data sets were recorded e.g., after subject five, 10, 15 and 20 the 

instrument was refined. Modifications occurred due to the layout to increase efficiency of data 
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extraction and entry into the instrument. The data collection instrument was successfully 

developed for use in the observational retrospective study and is presented in Table 4.3.  

 

Table 4.3 Data collection instrument  

Patient demographics  Birth history 

DOB (DD/MM/YY)  Abnormal  

Age 1st consult (years)  C/Sec  

Weight (kg)  Forceps/Vac  

Height (cm)  Breastfed (months)  

Social history Pathology 

Poor relationship w peers  Pyrrole (<10ug/dL)  

Exercise (hours/week)  Cu (11-22 umol/L)   

Electronic time (hours/week)  Zn (9-19 umol/L)  

Worse at home (behaviour)  H1 (0.2-2.0 umol/L)  

Worse at school (behaviour)  Bio-screen Positive  

Family history (relationship)                                   Family history (relationship) 

Depression  ADHD  

Anxiety  OCD  

Academic/High achieving   CD  

Short fuse  ODD  

Anger/Violence/Aggression  Schizophrenia  

ASD  Suicide  

Patient diagnosis 

DSM-V diagnosis: 

Signs, symptoms and traits (cross if displayed) 

Angry  Frequent headaches  Food/digest intolerance  

Anxiety  Sporty  Chemical sensitivities  

Depression  Bad at sport  Aversion to breakfast  

OCD  Laid back  Picky eater  

Competitive  Poor short term mem  React badly to 
antihistamines 

 

Addictive  Artistic  React badly to SSRI  

Perfectionist  Musical  Food sensitivities  

Strong willed  Insomnia  Sens smell/light/noise  

Short fuse  Bruxism  Sens tags  

Moody  Poor dream recall  Salicylate intolerance  

Academic  Frequent infections  Cheap jewellery intolerance  

Underachiever  Mucous  Sensitive to bites  

Struggle to read  Mouth ulcers    

Leukonychia  Keratosis pillari    
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Intervention (dose)                                     Intervention (dose) 

Vitamin C (mg)  Manganese (mg)  

Vitamin E (mg)  Potassium (mg)  

Pyridoxine (Vitamin B6) (mg)  Melatonin (mg)  

P5P (Vitamin B6) (mg)  SAMe (mg)  

Zinc (mg)  GABA  

Biotin  5HTP (mg)  

Chromium  5MTHF  

Selenium  EPO (mg)  

Magnesium (mg)  Molybdenum (mcg)  

Calcium  Methionine (mg)  

Vitamin D (IU)  Fish oil/fatty acids  

Iron (mg)  Probiotics  

Folic Acid (mcg)  Broccoli Sprouts (mcg)  

Vitamin B12  Dairy Free  

Rx - psychostimulants  Gluten Free  

Rx - SSRI  Preservative Restricted  

Rx - antipsychotics  Psychological  

Safety 

Nausea  

Worse behaviour  

Headaches  

Efficacy (Code 1-3)  

Compliance (Y/N)  

Time to show improvement (weeks)  

Notes  

Efficacy codes 
1.      Subjective report of improvement documented 
2.      Regression when treatment was stopped 
3.      Unable to determine – no detail given 

 

4.4.2 Participant screening  

The retrospective observational study commenced after the development of the data 

collection instrument. Fifty male subjects were included in the analysis (Figure 4.1). One-

hundred and forty-three subjects were identified from the MedicalDirector® database. A 

further 79 subjects were identified from HPL pathology requests. From these 222 subjects, 124 

were excluded as they were duplicated in the searches or had multiple HPL tests. Ninety-eight 

were then screened for a history of violent and/or aggressive behaviours. Forty-two were 

excluded as they did not display these behaviours and a further six were excluded as they had 

medical conditions that were documented as contributing to their behaviour e.g., thyroid 

dysfunction, Down’s Syndrome, Tourette’s Syndrome, and Paediatric Autoimmune 

Neuropsychiatric Disorders Associated with Streptococcal Infections (PANDAS). 

 



48 
 

Studies included in analysis 
(n=50) 

 

Se
ar

ch
 

 
Sc

re
en

in
g 

 

In
cl

u
d

ed
 

 

Records screened for duplication 
(n=222) 

 

Excluded non-violent or 
aggressive (n=42) 

Medical exclusion (n=6) 
 

Records screened for violent/aggressive 
behaviours (n=98) 

 

Excluded  
duplicate entries or 

requests (n=124) 
 

Identified from 
HPL pathology 

requests (n=79) 

Identified from 
patient database 

(n=143) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Flow chart of included and excluded subjects 

 

4.4.3 Characteristics of the population  

Characteristics of the population are presented in Table 4.4.  Data for weight, height, time 

spent on electronic devices, and whether behaviours were worse in the home or school 

environment could not be collected for all subjects. Participants were aged four to 14 years 

(mean 8.74 ± standard deviation (SD) 2.78 years) at their initial consultation. For the 48 

subjects with available birth data, 37 (74%) experienced no complications. Forty-six had 

available breastfeeding data and out of them, 44 (88%) were breastfed for an average of 9.14 ± 

SD 9.49 months. Social interaction with peers was often documented as an issue, with more 

than half (54%) with the problem.  

 

A DSM-V diagnosis had been allocated to 26 (52%) subjects by paediatricians or other qualified 

medical practitioners (Table 4.4, Figure 4.2). The most common diagnoses among the subjects 

were ASD (of which PDDNOS falls under), followed by ADHD and ODD. Out of the 26 subjects 

with a DSM-V disorder, 12 were diagnosed with more than one.  
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Table 4.4 Characteristics of the population in the retrospective observational study 

Characteristic % (n) out of 50 included subjects 

Birth complications 

Yes 24 (12) 

No 74 (37) 

Unknown 2 (1) 

Breastfed at birth (months) 

Yes 88 (44) 

No 8 (4) 

Unknown 4 (2) 

Problems interacting with peers 

Yes 54 (27) 

No 16 (8) 

Unknown 30 (15) 

DSM-V Diagnosis 

Allocated a DSM-V diagnosis 52 (26) 

Autism spectrum disorder (ASD) 38 (19) 

Attention deficit hyperactivity disorder (ADHD) 26 (13) 

Conduct disorder (CD) 6 (3) 

Oppositional defiant disorder (ODD) 14 (7) 

Obsessive compulsive disorder (OCD) 8 (4) 

Pervasive developmental disorder not otherwise 
specified (PDDNOS) 

10 (5) 

Anxiety 10 (5) 

Depression 6 (3) 

 

 

 

Figure 4.2 Percentage of included subjects with DSM-V diagnoses 

 

ASD, 38% 

ADHD, 26% CD, 6% 

ODD, 14% 

OCD, 8% 

PDDNOS, 10% 

Anxiety, 10% 

Depression, 6% 
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4.4.4 Family history  

Parents or siblings of the subjects were considered primary relatives. Secondary relatives were 

considered grandparents, aunts, uncles, half-siblings and cousins. Having a short-temper, 

depression and ASD were the most frequently reported traits or conditions documented for 

both primary and secondary relatives (Table 4.5). It should be noted that data was missing for 

family members with violent and/or aggressive traits for 21 (42%) of subjects. Given the high 

incidence of short-tempered family members, it was expected that the number of violent 

and/or aggressive family members would be higher if the data set were complete.  

 

Table 4.5 Primary or secondary relatives with behavioural conditions or traits 

Condition/trait Data 
available 

Missing 
data 

Primary 
relative 

Secondary 
relative 

Relatives with 
condition/trait 

ADHD 42 8 7 3 10 

ASD 43 7 14 6 20 

CD 42 8 1 1 2 

ODD 42 8 0 0 0 

Schizophrenia 42 8 2 1 3 

Suicide/attempted 43 7 2 2 4 

Anxiety 43 7 12 3 15 

Depression 44 6 21 9 30 

Short 
tempered/short 
fused 

44 6 27 15 42 

Violent/aggressive 29 21 7 5 12 

 

The number of primary and secondary relatives with a behavioural condition or trait is shown 

in  

Figure 4.3 and Figure 4.4, respectively.  
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Figure 4.3 Number of primary relatives with a behavioural trait or condition  

 

 

Figure 4.4 Number of secondary relatives with a behavioural trait or condition  

 

4.4.5 Frequently reported signs, symptoms and traits 

The clinician documented data for symptoms and traits at initial consultation that had been 

associated with biochemical disorders (Table 4.6).6,7,10,11,33 The five most common signs, 

symptoms and traits displayed by the included subjects were anger (100%), anxiety (66%), 

frequent infections (50%), mood swings (50%) and nail leukonychia (48%). The 20 most 

common signs, symptoms and traits displayed are presented in a bar graph in Figure 4.5.   

 

Table 4.6 Frequently reported signs, symptoms and traits for included subjects 

Symptom n= Symptom n= Symptom n= 

Anger 50 Fussy eater 13 Sensitive to clothing tags 7 

Anxiety 33 Sensory sensitivity 
(smell/light/sound) 

13 Perfectionist 6 

Frequent 
infections 

25 Academic 12 Strong willed/stubborn 6 

Mood swings 25 Athletic 11 Cannot recall dreams 5 

Nail leukonychia  24 Depressed 10 Addictive behaviours 3 

Food sensitivities 22 Obsessive/compulsive 10 Uncoordinated/bad at 
physical activities 

3 

Chemical 
sensitivities 

17 Short-tempered 10 Frequents headaches 3 

Food 
intolerances 

17 Difficulty learning to read 10 Poor short-term memory 3 

Insomnia 17 Underachievement at school 10 Sensitive to insect bites 3 

Bruxism 16 Artistic 8 Competitive 2 

Excessive mucous 16 Aversion to eating breakfast 8 Regular mouth ulcers 1 
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Keratosis pillari 14 Musical 7   

 

 

Figure 4.5 The 20 most frequently reported signs, symptoms and traits of the included subjects 

 

4.4.6 Biochemical markers 

Three specimen samples, blood, urine and faeces, were frequently requested by the clinician 

as biomarkers for behaviour. Data for HPL in urine; copper, zinc and histamine in blood; and 

gut microflora in faeces were collected.  

 

4.4.6.1 Urinary hydroxyhemopyrroline-2-one (HPL) 

HPL readings for the subjects are presented in Table 4.7 and ranged from 12.4 to 465.5 µg/dL. 

HPL data for one subject was missing. Forty-six (92%) of the 50 subjects had elevated HPL (>20 

µg/dL), while a further three were considered borderline (10-19 µg/dL).    

 

Table 4.7 Proportion of subjects with HPL unknown, normal, borderline or elevated 

 Proportion Standard error 95% Confidence interval 

Elevated (>20 µg/dL) 0.92 0.04 0.80, 0.97 

Borderline (10-19 µg/dL)  0.06 0.03 0.02, 0.18 

Normal (<10 µg/dL) 0.00 - - 

Unknown 0.02 0.02 0.00, 0.14 
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4.4.6.2 Plasma copper 

Copper pathology was available for 47 of the 50 subjects (mean = 16.34 ± SD 3.23 µmol/L) and ranged 
from 7.4 to 27.2 µmol/L, with 42 (84%) subjects within reference range ( 

Table 4.8).  

 

Table 4.8 Proportion of subjects with plasma copper unknown, deficient, normal, or elevated 

 Proportion Standard error 95% Confidence 
interval 

Elevated (≥23 µmol/L) 0.04 0.03 0.01, 0.15 

Normal (≥11-22 µmol/L) 0.84 0.05 0.71, 0.92 

Deficient (<11 µmol/L) 0.06 0.03 0.02, 0.18 

Unknown 0.06 0.03 0.02, 0.18 

 

4.4.6.3 Plasma zinc 

Zinc pathology was available for 48 of the 50 subjects (mean = 12.66 ± SD 2.89 µmol/L) and 

ranged from 8.8 to 26 µmol/L with 46 (92%) subjects within reference range (Table 4.9).  

 

Table 4.9 Proportion of subjects with plasma zinc unknown, deficient, normal or elevated 

 Proportion Standard error 95% Confidence 
interval 

Elevated (>20 µmol/L) 0.02 0.02 0.00, 0.14 

Normal (≥9-19 µmol/L) 0.92 0.04 0.80, 0.97 

Deficient (<9 µmol/L) 0.02 0.02 0.00, 0.14 

Unknown 0.04 0.03 0.01, 0.15 

 

4.4.6.4 Copper/zinc ratio 

A copper/zinc ratio of 1.02 has been reported for healthy controls.7 For the 47 subjects of 

which copper and zinc data were available, the mean copper/zinc ratio was elevated at 1.35. 

 

4.4.6.5 Whole blood histamine 

Forty-three out of the 50 subjects had whole blood histamine data. Pathology reference ranges 

considered elevations as >2 µmol/L. Forty (80%) of the subjects were within normal range. 

Three (6%) subjects had elevated histamine. The range of whole blood histamine for the 

subjects was 0.3 to >2 µmol/L (Table 4.10). 

 

Table 4.10 Proportion of subjects with whole blood histamine unknown, normal or elevated 

 Proportion Standard error 95% Confidence 
interval 

Elevated (≥2 µmol/L) 0.06 0.03 0.02, 0.18 

Normal (≥0.2-1.9 0.80 0.06 0.66, 0.89 
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µmol/L) 

Unknown 0.14 0.05 0.07, 0.27 

 

 

4.4.6.6 Faecal microbiology  

Sixteen (32%) subjects had faecal microbiology testing performed. The low completion rate 

was most likely due to cost of the test. Pathology of dysbiosis was characterised by under or 

over growths of dientamoeba fragilis, blastocystis hominin, streptococcus sp, enterococcus sp, 

E. coli, bifobacterium, enterobacteriaceae, clostridium, candidia, eubacterium and low 

bacteroides.  

 

4.4.7 Interventions prescribed 

Based on biochemical markers, signs, symptoms and traits displayed, the clinician identified 

and prescribed appropriate micronutrient intervention. Treatments also included nutritional 

and chemical exclusion (e.g., exclusion of diary, preservatives, flavour enhancers, food dyes 

and colours). Therapies received from other health care professionals included, 

psychotherapy, parenting classes, self-help books (The Nurtured Heart) and pharmaceuticals. 

 

4.4.7.1 Micronutrients 

Twenty-five micronutrients were prescribed as either compounded or commercial products. 

Zinc, P5P, vitamin B6, vitamin E and magnesium were prescribed to more than 80% of the 

subjects (Table 4.11). Due to the high proportion of the study population (92%) displaying 

elevated HPL, it was expected that these micronutrients would be the most frequently 

prescribed. The use of multiple micronutrients was attributed to the individualised nature of 

the therapy. For example, five (10%) subjects with ASD received broccoli sprouts (active 

ingredient sulforaphane) as high quality evidence emerged of its potential to improve social 

interaction, abnormal behaviour and verbal communication.195 
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Table 4.11 Nutrients and dose ranges prescribed to the included subjects  

Prescribed nutrient Daily dose range Subjects prescribed 
(n=) 

% Prescribed (out of 50) % Not prescribed % Unknown 

Zinc 10-200 mg 46 92 2 4 

Pyridoxal-5-phosphate (P5P) 4.3-100 mg 45 90 6 4 

Pyridoxine (Vitamin B6) 4.1-500 mg 45 90 6 4 

α-Tocopherol (Vitamin E) 37.5-500 mg 43 86 10 4 

Magnesium 8.25-616.5 mg 41 82 14 4 

Ascorbic acid (Vitamin C) 62.5-1300 mg 24 48 46 6 

Chromium 50-200 mcg 23 46 50 4 

Manganese 1.5-10 mg 23 46 50 4 

Molybdenum 50-200 mcg 23 46 50 4 

Calcium 34-500 mg 14 28 68 4 

Cholecalciferol (Vitamin D) 200-4000 mg 14 28 68 4 

Fish oil N/A 11 22 74 4 

Iron 5-25 mg 7 14 82 4 

Melatonin 1-3 mg 7 14 82 4 

Folic acid 100-1000 mcg 6 12 84 4 

Biotin 150-2000 mcg 5 10 36 4 

Broccoli sprouts 2000-4000 mcg 5 10 36 4 

Potassium 26-78 mg 5 10 86 4 

S-Adenosyl methionine (SAMe) 100-400 mg 4 8 88 4 

Evening primrose oil (EPO) 2000-3000 mg 4 8 88 4 

5-Hydroxytryptophan (5-HTP) 50-100 mg 3 6 90 4 

Probiotics Unknown 3 6 90 4 

Cobalamin (Vitamin B12) 10 mcg 2 4 92 4 

Selenium 100 mcg 1 2 94 4 

Methionine 500 mg 1 2 94 4 
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4.4.7.2 Pharmaceuticals 

The psychostimulant, methylphenidate, was prescribed to four (8%) subjects (ranging from 2.5 

to 54 mg daily). Selective serotonin reuptake inhibitors including sertraline (37.5 mg at night), 

fluoxetine (20 mg daily) and escitalopram (5 mg at night) were taken by eight (16%) subjects. 

Amitriptyline (10 mg at night) and atomoxetine (40 mg daily) were also prescribed to one (2%) 

subject each. Further, the use of the antipsychotic risperidone (1.5 to 2 mg at night) was 

documented in 3 (6%) of subjects.  

 

4.4.7.3 Psychotherapy 

Thirteen (26%) subjects had documentation of receiving concurrent psychotherapy. There was 

no data available about the frequency, duration and nature of the therapy. 

 

4.4.7.4 Dietary exclusion 

The medical practitioner prescribed dietary restrictions to numerous subjects. Thirty-five (70%) 

identified as dairy free, 20 (40%) gluten free and 10 (20%) food colouring/dye and/or 

preservative restricted. 

 

4.4.8 Efficacy   

Forty-three out of the 50 subjects had a documented, ‘time to first see an improvement.’  Data 

was missing for seven subjects. For the 43 subjects with available data, the mean time to 

improvement was 10.40 ± SD 6.41 weeks, with improvements seen as early as one week and 

some taking up to 24 weeks. Thematic analysis pertaining to efficacy revealed two themes, 

subjective reports of improvement and regression when interruption to therapy. The findings 

are presented in 4.4.8.1 and 4.4.8.2 below.  

 

4.4.8.1 Carer reported  

The documentation of comments associated with improvement in behaviour was considered a 

subjective measure of efficacy. Phrases such as “showed improvement” and “responding well” 

used by carers were documented by the clinician. Thirty-eight (76%) subjects had reports of 

behavioural improvement documented at subsequent visits. Twelve (24%) had inconclusive 

data pertaining to behaviour improvement. 

 

4.4.8.2 Regression after therapy interruption 

The documentation of regressed behaviour upon cessation of therapy or therapy interruption 

was also considered a measure of efficacy. Eighteen (36%) participants had documentation of 
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a decline in behaviour when micronutrient intervention was interrupted or ceased. Thirty-two 

(64%) had inconclusive data pertaining to regression. 

 

4.4.9 Safety and tolerability 

Compliance data were only available for 41 subjects. Of these 32 (64%) were compliant and 

nine (18%) were non-compliant to the prescribed intervention(s). Compliance was considered 

taking 80% of the prescribed doses. Data was unknown for nine (18%) subjects. 

 

Micronutrient intervention appeared well-tolerated with three documented adverse effects. A 

decline in behaviour was the most commonly reported adverse outcome experienced by 14 

(28%) subjects (Table 4.12). Anecdotally, this outcome is most commonly experienced upon 

initiation of therapy, and during times of increased nutrient requirements e.g., high stress, 

growth spurts and illness.6  

 

Table 4.12 Proportion of included subjects who displayed a decline in behaviour 

 Proportion Standard error 95% Confidence interval 

Experienced  0.28 0.06 0.17, 0.42 

Did not experience  0.62 0.07 0.47, 0.75 

Unable to determine 0.10 0.04 0.04, 0.22 

 

Nausea is a well-documented and common adverse effect associated with zinc, vitamin E (at 

doses >400 IU/day),13 selenium, biotin and vitamin C (at doses >2000 mg/day ).13,14 It was 

experienced by 10 (20%) subjects (Table 4.13). To minimise the risk of nausea micronutrients 

were prescribed to be taken with food, preferably a high protein meal. 

 

Table 4.13 Proportion of included subjects who experienced nausea 

 Proportion Standard error 95% Confidence interval 

Experienced  0.20 0.06 0.11, 0.34 

Did not experience  0.68 0.07 0.53, 0.80 

Unable to determine 0.12 0.05 0.05, 0.25 

 

Two (4%) subjects reported headaches associated with micronutrient use. Headaches have 

been associated with toxic selenium doses of over 1500 mcg/day however neither of the 

subjects experiencing headaches were receiving selenium.13 
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Table 4.14 Proportion of included subjects who experienced headaches  

 Proportion Standard error 95% Confidence interval 

Experienced  0.04 0.03 0.01, 0.15 

Did not experience  0.84 0.05 0.71, 0.92 

Unable to determine 0.12 0.05 0.05, 0.25 

 

4.5 Discussion 

This study provided insight into the clinical practice of biochemical therapy. Due to the 

extensive nature and detail of clinical notes, a streamlined approach for data collection was 

needed to eliminate any potential data collection bias which resulted in the development of a 

purpose-designed instrument. Clinical notes were extensive and unsystematic due to software 

limitations. As biochemical conditions were not considered mainstream medicine, the medical 

software did not have a function to easily highlight the investigations undertaken or diagnoses 

provided. On the contrary, pathology results were systematic and user friendly.  

 

Epigenetics and mental health are a contemporary area of research.92,196 Inheritable 

personality traits have also been investigated, with genetic evidence for inheritable anger 

emerging.197 Interestingly, having a short temper or being short fused was the most frequently 

reported trait for both primary and secondary relatives. There were incomplete data for 

relatives with violent and/or aggressive traits for 21 (42%) subjects. It was expected that the 

number of violent and/or aggressive relatives would be higher if the data set were complete 

given the high incidence of short tempered family members. 

 

Out of the 26 subjects with a DSM-V disorder, 12 had more than one condition. This 

emphasised the clinical complexity when trying to treat those with comorbidities. 

Micronutrient intervention may simplify existing treatment approaches, targeting individual 

biochemical imbalances. Clinical and biochemical diagnostics were used by the clinician to 

prescribe the personalised interventions. Symptom and personality trait clusters 

corresponding to biochemical imbalances in methylation, oxidative stress, HPL, copper and 

zinc were often used for initial clinical diagnosis. Whereas urinary HPL, whole blood histamine 

and plasma zinc and copper were used for biochemical profiling and confirmation of diagnosis. 

Biochemical markers have been documented as being imprecise on occasion, thus clinical 

diagnostics are given precedence for therapeutic decisions.11  

 

Although more than half of the subjects had a formal DSM-V diagnosis varying from ASD to 

depression, they all exhibited traits of anger with a high proportion also displaying elevated 

urinary HPL. Anger, anxiety and mood swings were expected in the population due to the 
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behavioural disorders displayed. Frequent infections and nail leukonychia ranked third and 

fifth highest. Although the precise role of zinc is not fully understood, low levels may result in 

neurological dysfunction, impact upon neurodevelopment, intellect and behaviour of children 

and adolescents.7,130 Correlations between zinc deficiencies and nail leukonychia have been 

claimed in lay popular media however, scientific evidence has suggested that there is no 

correlation between the two.198 Marginal zinc deficiency and behavioural problems has been 

documented in the literature.138,140 The mean zinc level of the population was in the lower 

margin of the reference range (12.66 ± SD 2.89 µmol/L). The occurrence of frequent infections 

(approximately every eight weeks) in this population may be attributed to marginal zinc 

deficiency.199 Despite this, all subjects were preschool or school aged and were expected to 

suffer up to five common colds per year; therefore, the frequency of infection may be 

normal.200 

 

Notably, the two most common biochemical imbalances displayed by the study population was 

elevated HPL and elevated copper/zinc ratio, with thirty-nine (78%) subjects displaying both. It 

has been reported that copper may accumulate in the body when there is a deficiency of zinc 

which may contribute to violent behaviours, hyperactivity, learning difficulties, other mental 

and behavioural disorders.130 Despite the large proportion of subjects with copper and zinc 

within normal range, the elevated copper/zinc ratios displayed by the subjects have been 

associated with assaultive behaviour in young males,7 ASD152 and teacher-rated inattention in 

ADHD children and adolescents.130  

 

Faecal microbiology is used to investigate bacteria cultures and populations that should 

normally be in the gut.173 Intestinal dysbiosis, which is described as a disruption to the 

equilibrium of microflora in the gut, can result in altered amino acid production and adverse 

health outcomes.174 From the data available the frequency and severity of dysbiosis was 

unable to be interpreted. However, it was inferred that those with significant over/under 

growths were treated with antifungals, antibiotics and/or probiotics prior to receiving 

micronutrient intervention. 

 

HPL is an organic pyrrole-containing compound that has been detected in urine156,157 and is 

thought to arise as an abnormal product of haem metabolism under conditions of oxidative 

stress.151,159-161 HPL data was available for 49 out 50 subjects and all had borderline or elevated 

results.  
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The use of micronutrients such as vitamin B6, P5P, zinc, biotin, chromium, selenium and 

vitamins C and E have been documented to target violent and aggressive behaviours in those 

with elevated HPL and oxidative stress.6,10,156,157 Therefore, it was not surprising that vitamin 

B6, P5P, zinc, chromium and vitamins C and E fell within the seven most frequently prescribed 

micronutrients.  

 

Although considerably cheaper compared to compounded formulations, micronutrients 

acquired from overseas may not have the same quality control, and may not be subjected to 

government regulations imposed on commercial formulas available in Australia.201 A less 

prominent theme to emerge from the study was the high cost of therapy and associated 

pathology which lead to a trend to acquire cheaper micronutrients from overseas (outside of 

Australia). Quality assurance is imperative to ensure an adequate assessment of micronutrient 

therapy.   

 

Dose ranges of prescribed micronutrients were often above the Australian recommended daily 

intake12 and paediatric guidelines13,14 but appeared to be well tolerated. The most prevalent 

adverse effect was a decline in behavioural symptoms which may be attributed to increased 

copper excretion upon initiation of zinc therapy. This is thought to occur due to the 

competition between zinc and copper at metallothionein resulting in inhibited absorption of 

copper from the gastrointestinal tract.151,152 Subjects were often started on low doses of zinc 

and gradually titrated based on response to therapy. It appeared that this initiation regime 

was to reduce the incidence of worsening behaviour. Nausea was a transient adverse effect 

also experienced and was alleviated by giving micronutrients with a high protein meal.  

As this was a retrospective study and subjects were not routinely monitored for adverse 

effects, the safety profile observed from these 50 subjects is preliminary and needs further 

investigation. Compliance emerged as a noteworthy theme. Almost one fifth of subjects had 

documentation of dose refusal, diversion or omission. Due to this and the high incidence of co-

prescribed therapies such as pharmaceuticals, dietary exclusion and psychotherapy, efficacy is 

difficult to quantify for evaluation.  

 

Subjective reports of efficacy from parents about the intervention and documentation of 

behavioural decline on cessation were promising; however, research is needed that minimises 

variables, focuses on adherence to therapy and incorporates the use of validated outcome 

measures. 
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From this retrospective review of 50 subjects, it can be hypothesised a prospective trial of 

patients receiving micronutrient intervention is warranted and may be feasible to progress to a 

RCT. Although no clinically meaningful conclusions can be drawn from the data, identification 

of key themes and trends warrant investigation in a prospective study. 

 

4.5.1 Limitations of the study 

The study took place at a single site and reviewed patients of a sole practitioner. Treatment of 

subjects was primarily through micronutrient intervention to target biochemical imbalances, 

which lacked scientific evidence. In addition, multiple-interventions were frequently used such 

as dietary restrictions, pharmaceuticals and psychotherapy. Although psychotherapy was 

frequently an ongoing, failed, first-line therapy and prescription pharmaceuticals had been 

used for some duration, dietary restrictions of dairy products, preservatives, colourings and 

dyes were often co-initiated. Therefore, efficacy data was inconclusive and the question arose, 

“how do we know which approach is working?”  

 

The storage of patient data and its retrieval was unsystematic due to medical software 

limitations. An inability for the clinician to appropriately code diagnosed biochemical 

imbalances, prescribed micronutrient therapies and progress notes with biochemical 

terminology also existed. This limited the ability to determine prescribing patterns as data was 

lacking. Diagnostic instruments were not electronic, not validated and onerous. The 

instruments also featured a very broad spectrum of non-specific questions. Further, progress 

was only measured through parent reports of behavioural improvement, at no specified time 

interval. Therefore, from a research perspective data was challenging to capture for analysis. 

This study did not have the capacity to follow participants long-term to evaluate safety or 

efficacy with the review of patient notes focussing on initial consultations, time to 

improvement and did not extend beyond twenty-four months. 

 

4.5.2 Future directions for research and practice 

As this is an emerging area of practice, no therapeutic guidelines exist. Biochemical therapy 

has an individualised and holistic approach; however, the case-by-case nature of treatment 

contributes to the challenge of aligning patient outcomes for quality research.     

 

The use of software that appropriately codes data for real-time retrieval and analysis would be 

beneficial to implement into practice. This should record the prescribed intervention dose and 

frequency, duration of therapy, compliance and adverse effects. Further, the development of 
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data capturing tools with digital interfaces for data input such as electronic devices and 

applications may streamline patient diagnostics, treatment and monitoring. 

 

The use of micronutrient therapy warrants investigation in a pilot study that examines the 

feasibility of conducting a RCT to determine safety and efficacy as primary outcomes. As this 

study supported findings in the literature, that males with violent and aggressive behavioural 

disorders often display elevated HPL and elevated copper/zinc ratios (Chapter 3), a clinical trial 

may be achieved through the development of a standardised and targeted micronutrient 

intervention specific to this population. 

 

This retrospective study also highlighted the absence of validated instruments utilised in 

practice to measure efficacy outcomes. Appropriate instruments should be implemented into 

any future research and practice.  Investigation of strategies to improve 

adherence/compliance to micronutrient therapy should also be considered. 

 

4.6 Conclusion 

This study provided an opportunity for reflection on the practice of the biochemical approach 

to micronutrient therapy and identified areas for improvement, research and development. It 

provided a foundation for potential research, highlighted future directions and contributed to 

the generation of a hypothesis for a prospective trial to further investigate safety and efficacy 

data for micronutrient intervention.   
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Chapter 5. Instruments for evaluating pharmacotherapy 

intervention efficacy in violent and aggressive behaviour and 

conduct disorder in youth 

 

5.1 Background and significance  

Youth aggression is a multifaceted phenomenon that is displayed differently depending on age 

and gender.18 Several points need to be considered before identifying aggressive behaviour as 

a disorder, such as the differentiation between prosocial assertive play as opposed to 

behaviour with the intent to hurt or frighten. Aggressive symptoms may change with 

developmental competence in motor and cognitive domains. For example, preschool-age 

children may display instrumental and physical expressions of aggression whereas, school-age 

children may exhibit hostile aggression through name-calling, criticising and ridiculing.19 

In the context of intervention monitoring and evaluation studies, there is a requirement to 

distinguish between normal and abnormal levels of violence and aggression, and the nature 

and quality of the behaviours that fall outside of typical development expectations.202  

Behaviour rating scales are instruments used to complete a relatively quick, normative-based 

assessment of child behaviour. They can be used to measure clinical outcomes such as the 

efficacy and safety of an intervention, and/or patient related factors that may influence the 

success of intervention (e.g., adherence, social environment and quality of life).203 In clinical 

research, practitioner assessments are limited by lack of inter-rater and test-retest reliability, 

difficulties standardising clinical knowledge and experience, as well as cost and time 

constraints.204 For the purpose of outcome measurement in clinical research, the use of 

assessment tools or instruments are often employed. They are often formal, structured 

instruments, that demonstrate psychometric properties such as reliability and validity.204 Use 

of a statistically reliable instrument, appropriately selected based on its applicability to the 

population being studied and the types of questions being asked, is essential for effective 

research.24   

 

Multiple instruments are available for the diagnosis and assessment of CD in youth, including 

those that assess CD and other behavioural symptoms and comorbidities (i.e., broad-band 

instruments), and those that are violence and aggression specific (i.e., narrow-band 

instruments).205,206 However, in clinical research it is optimal if an instrument used to measure 

aggression and violence can assess the frequency and or severity of problem behaviours.18 
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There is a need to identify appropriate instruments for use in violent and aggressive youth 

particularly as there have been reports of unstandardised instruments with unclear 

psychometric properties being used in contemporary research.207 A review (Chapter 2) 

investigating the role of pharmacotherapy in CD revealed that no particular instrument was a 

‘gold-standard’ measure of outcome to evaluate violent and aggressive behaviours in youth 

receiving pharmacological intervention.9 In addition, findings from a retrospective study 

(Chapter 4) of violent and aggressive males emphasised the need to identify appropriate 

outcome measures to be used in this population. It was therefore evident that there is a need 

to identify the most appropriate standardised instrument(s) for pharmacotherapy intervention 

efficacy research involving youth with violent and aggressive behaviours. 

 

5.2 Aims and objectives 

Aim: To evaluate the instruments used to measure the efficacy of pharmacotherapy 

intervention in randomised controlled trials of violent and aggressive youth. 

Objectives: To evaluate validated instruments used to measure the efficacy of 

pharmacotherapies in CD for psychometric and administrative properties and practicality 

assessment. 

 

5.3 Methods 

5.3.1 Search strategy 

A review evaluating the psychometric, administrative and practicality evidence of instruments 

used in efficacy studies of pharmacotherapy in youth with violence and aggression was 

conducted. Firstly, instruments utilised to evaluate efficacy of intervention in RCTs of 

pharmacotherapy in the management of CD and its related comorbidities in youth were 

included. The studies were published in English from January 2000 to January 2016 to include 

relevant instruments used in contemporary research. Secondly, the name of the instrument 

and the key words ‘validity’, ‘reliability’, ‘children’, ‘adolescents’, and ‘youth’ were used to 

search for literature in MEDLINE, OVID SP and EMBASE. Literature for each tool was 

investigated for evidence of, or instrument specific information pertaining to, the criteria listed 

in summary Table 5.1. Additional literature was identified through searching reference lists of 

papers identified after initial screening. For the analysis of validity and reliability, the search 

focused on the use of the instruments in youth populations who displayed violent and/or 

aggressive behaviour.  
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5.3.2 Psychometric and administrative evaluation  

5.3.2.1 Scoring 

Scoring criteria for psychometric and administrative properties for each instrument is outlined 

below. Retrieved information was graded on a three-point scale adapted from the Scientific 

Advisory Committee’s Instrument Review Criteria208 by Andresen.209 Generally, an instrument 

displaying high quality evidence for the evaluated characteristic was awarded an ‘A’ grade. A 

‘B’ grade was given if the instrument displayed moderate quality, a ‘C’ grade if the instrument 

had poor quality, and an unknown (‘U’) grade if information was unavailable or inconclusive. 

To rank the instruments, a numeric score was assigned to the alphabetical grades as follows: 

U=0, A=1, B=2, C=3. 

 

5.3.2.2 Reliability  

Reliability refers to the degree to which an instrument consistently produces the same result 

at different times, from independent observers, and/or different samples.210 There are three 

general classes of reliability used when evaluating instruments: 

 Inter-Rater/Observer Reliability - assesses the degree to which independent 

interviewers give consistent estimates using identical instruments211 

 Test-Retest Reliability - assesses the consistency of results from two separate  

administrations of an instrument, to the same participants211 

 Internal Consistency Reliability - assesses the consistency to which items in a given 

instrument, domain, or sub-test are grouped correctly. This is often measured by 

Cronbach’s coefficient alpha212,213   

For the purpose of inter-rater and test-retest reliability scoring an intraclass correlation 

coefficient (ICC) or kappa coefficient (κ) ≥0.80 was considered excellent (graded ‘A’), <0.60 

considered poor (graded ‘C’), and between these ranges (≥0.60, <0.80), moderate (graded 

‘B’).214 For internal consistency of scales a Cronbach’s alpha (α) or Kuder-Richardson Formula 

20 (KR-20) ≥0.80 scored excellent (‘A’), ≥0.70 and 0.80 adequate (‘B’), and <0.70 low or 

inadequate (‘C’).209,215 

 

5.3.2.3 Validity 

An instrument is considered robust in validity if there is strong evidence and theory that 

support the appropriateness, meaningfulness and usefulness of test results and 

interpretation.216 If the multitrait-multimethod matrix (MTMM) and/or correlation coefficient 

were used for the assessment of convergent validity, the following scores were allocated, ‘A’ = 

strong correlation (≥0.60), ‘B’ = moderate correlation (≥0.30 and <0.60), and ‘C’ = weak 

correlation (<0.30).217 The opposite scale for scoring was applied for discriminate validity, ‘A’ = 
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≤0.30, ‘B’ = <0.30 and ≥0.60, and ‘C’ = >0.60.217 For factorial validity if root mean square error 

of approximation (RMSEA) ≤0.05, non-normed fit of index (NNFI) ≥0.95 or confirmatory factor 

analysis (CFI) ≥0.95218 was obtained it was considered a good fit (‘A’). If RMSEA >0.05 and 

≤0.08, NNFI or CFI ≥0.90 and <0.95 it was considered an acceptable fit (‘B’) and values outside 

of these ranges were considered poor fitting (‘C’). All other scores were allocated on face 

validity or statistical properties depending upon which method was used. 

 

5.3.2.4 Sensitivity (Responsiveness) 

The sensitivity or responsiveness of an instrument refers to the ability to detect any small but 

meaningful changes due to an intervention.209,219 Effect size and standardised response means 

are the two most common statistical measures for responsiveness.219 Values of effect size 

index and standardised response means of 0.5 or greater but less than 0.8 are considered a 

moderate effect and 0.8 or greater deemed as a large effect.219 If an instrument had evidence 

for responsiveness expressed as effect size and derived from longitudinal data with clearly 

identified population and documented time intervals it was awarded an ‘A’ rating. If there was 

weak evidence or it was based solely on statistical significance (p value) it was awarded a ‘C’. If 

evidence fell between these two extremes the instrument was rated a ‘B’. 

 

5.3.2.5 Brevity (Respondent burden)  

Respondent burden is defined as the time, energy and demands placed upon those being 

administered an instrument.208 A maximum of 15 minutes is considered appropriate for a 

primary outcome measure.209 The content should be appropriate for the target population and 

special training or resources should not be required. If a long questionnaire is warranted or 

particularly inconvenient, a study protocol should include compensation to reduce this burden 

e.g., payment.209 Assessment of respondent burden may take the form of both quantitative 

and qualitative investigation. Quantitative assessment may include rating respondent 

satisfaction, whereas qualitative assessment may include reviewing respondent opinions and 

reactions.209 A rating of ‘A’ was awarded for brevity (less than 15 minutes in duration) and 

appropriate content. Grade ‘C’ was applied to instruments that were lengthy and had no 

evidence of appropriateness. Grade ‘B’ was awarded for those less than 30 minutes in duration 

with some evidence of appropriate content. 

 

5.3.2.6 Simplicity (Administrative burden) 

An administratively simple questionnaire is considered short, easily scored, without the need 

for a sophisticated computer program, and does not require specialist training or 

qualifications.208,209 If data gathered using the instrument was easily scored by hand, 
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understood, inexpensive and required no formal training, it was awarded an ‘A’. If expensive, 

onerous for administration and scoring, and interpretation not straightforward, it was rated a 

‘C’. Ratings falling between the two extremes ranked ‘B’. 

 

5.3.2.7 Acceptability – cultural or language adaptations 

The assessment of translation or cultural adaptation of an instrument involves two key criteria, 

ensuring conceptual and linguistic equivalence, and the evaluation of measurement 

properties.208 To receive a high rating (‘A’) the instrument had evidence of validity for cultural 

adaptation and/or had information about methods to achieve linguistic equivalence (e.g., 

forward and backwards translations). If no evidence could be found for the validity and 

methodology of translation or adaptation a ‘C’ grade was awarded. If rated in between, the 

instrument was given a ‘B’ for acceptability. 

 

5.3.2.8 Accessibility – alternative mediums  

The availability and assessment of alternative versions in administration of instruments (other 

than the original version) is a concept referred to as accessibility.208,209 To rate an ‘A’ for 

accessibility, instruments were available in multiple forms and found free of mode effects (i.e., 

no differences between the original version and transformed version upon administration). To 

rate a ‘B’ the instrument was available in other forms however no testing for mode effects 

were evident. A ‘C’ grade reflected that there were no alternative forms or mode information 

available.209 

 

5.3.2.9 Conceptual model 

A conceptual model is a rationale for, and description of, the concept(s) that the instrument is 

intended to assess and the relationship between those concepts.208 For assessment, 

instruments were graded on how well they captured the intended conceptual framework. If an 

instrument carefully defined their measurement construct and domains, their grading 

reflected this. If domains were completely covered an ‘A’ was awarded, adequately covered 

attracted a ‘B’, and inadequately was given a ‘C’.209 

 

5.3.2.10 Measurement model 

A measurement model refers to the scale and subscale structure of an instrument, and the 

procedure followed to create scale and subscale scores.208 For scoring an ‘A’ was awarded if 

there was no skewness or evidence for development of scoring, ‘B’ was awarded if there was 

skewness intermediate or conflicting evidence for development of scoring, and ‘C’ was 
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awarded for substantial skewness (>20% of a groups scores at either extreme of a range)220 or 

no evidence for development of scoring. 

 

5.3.2.11 Bias 

Instruments should not be affected by differences in culture, social circumstances or 

impairment type, except for differences the tool is intended to measure. Statistical methods 

such as Rasch Analysis or Confirmatory Statistical Analysis (CFA) can be used to assist with the 

detection of item and instrument bias;221 however, a large proportion of grading qualitative 

evidence of bias is somewhat subjective. For subjective grading an ‘A’ was awarded to 

instruments with clear evidence of review. A ‘B’ grade awarded if formal evidence was lacking 

but had good face validity for bias, and a ‘C’ grade was awarded if bias was evident.  

 

5.3.3 Applicability to violence and aggression research  

For practicality assessment, instruments were also evaluated independent of their 

psychometric properties, investigating the ability to measure violent and aggressive 

behaviours, and their frequency and severity. Instruments were further screened against the 

following questions: 

 Can the instrument be used to measure the frequency of violent behaviours? 

 Can the instrument be used to measure the frequency of aggressive behaviours? 

 Can the instrument be used to measure the severity of violent behaviours? 

 Can the instrument be used to measure the severity of aggressive behaviours? 

 How many items in the instrument measure violent behaviours? 

 How many items in the instrument measure aggressive behaviours? 
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Table 5.1 A summary of characteristics considered desirable for an appropriate standardised outcome measure 

Characteristic Explanation Criteria for grading208,209,214 

Reliability Measurements by different observers, at 

different times or in parallel ways produce the 

same result. 

Inter-rater/test-retest (ICC or κ) Internal consistency (Cronbach α or KR-20) 

A = ≥0.80 

B = ≥0.60, <0.80 

C = <0.60 

A = ≥ 0.80 

B = ≥0.70, <0.80 

C = <0.70 

Validity  The instrument measures the intended outcome. Convergent (correlation 

coefficient) 

Factorial (RMSEA) Factorial (CFI or NNFI) 

A = ≥0.60 

B = ≥0.30, <0.60 

C = <0.30 

A = ≤0.05 

B = >0.05, ≤0.08 

C = >0.08 

A = ≥0.95 

B = ≥0.90, <0.95 

C = <0.90 

Responsiveness The instrument captures clinically meaningful 

degrees of change. 

A = Strong evidence with large effect size 

B = Moderate or conflicting evidence 

C = Weak evidence or based only on statistical significance, not effect size  

Brevity The instrument length and content is 

appropriate. 

A <15 minutes and appropriate content  

B >15 minutes, <30 minutes and appropriate content 

C >30 minutes and/or inappropriate content 

Simplicity No formal training is required to use the 

instrument. It is easy and inexpensive to 

administer, score and interpret. Ratings are clear. 

A = Inexpensive, no training, easy scoring and interpretation 

B = Somewhat expensive, more obscure scoring and interpretation 

C = Expensive and/or complex scoring and/or interpretation 

Acceptability Cultural and language adaptations of the 

instrument exist. 

A = Validity evidence for translation and/or adaptation and methodology 

B = Evidence has some problems for translation and/or adaptation 

C = No evidence for translation and/or adaptation and methodology 

Accessibility  The instrument is available and tested in different 

mediums e.g., computer,  self-administration, 

clinician interviews 

A = Available in multiple forms, no mode effects 

B = Available in multiple forms, no testing for mode effects 

C = No alternative forms or mode information 
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Conceptual  There is a rationale and description of the 

concept(s) the instrument intends to assess, and 

the relationship between the concepts. 

A = Clearly defined measurement construct and domains 

B = Adequately defined measurement construct and domains 

C = Inadequately defined measurement construct and domains 

Measurement 

model 

The instrument captures detail and breadth that 

is intended 

A = No skewness or evidence for scoring methodology  

B = Skewness or intermediate/conflicting evidence for scoring methodology  

C = Substantial skewness >20% in extreme range or no evidence for scoring 

methodology 

Bias The instrument is not affected by differences in 

culture and social context. 

A = Evidence of review for bias, no bias present 

B = Face validity, no formal evidence 

C = Bias evident 
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5.4 Results 

A total of 12 RCTs applied instruments for measuring efficacy of pharmacotherapy in CD based 

on the recently published systematic review.9 Twenty-four instruments were identified, of 

which 15 were excluded, based on their lack of aggressive and/or violent constructs, items 

assessing violent and/or aggressive behaviours, and published information. Seven instruments 

identified in the systematic review9 including the Nisonger Child Behaviour Rating Form 

(NCBRF),45,50 the Conners’ 3rd edition,30 the Behaviour Problems Inventory (BPI-01),50,222 the 

Aberrant Behaviour Checklist (ABC),50 the Child Behaviour Checklist (CBCL),3,42,51,52,55,57 the 

MOAS30,51,53,54 and the Swanson, Nolan and Pelham Teacher and Parent Rating Scale (SNAP-

IV)42,45 met criteria for analysis (Figure 5.1). The CAS and the Disruptive Behaviour Disorders 

Rating Scale (DBDRS) were identified through reference searching. All nine instruments were 

scored based on psychometric and administrative properties (Table 5.2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 Selection of relevant instruments, presented as a flow diagram 

24 instruments screened from 12 

RCTs in CD (trial data extracted and 

evaluated from recently published 

systematic review)  

Further 2 instruments identified 

from reference search 

 

9 instruments evaluated against 

criteria  

8 records included - NCBRF 

6 records included - Conners’ 3 

6 records included - BPI-01 

2 records included - CAS 

6 records included - ABC 

5 records included - DBDRS 

7 records included - CBCL 

6 records included - MOAS 

3 records included - SNAP-IV 

 

9 instruments excluded 

 (insufficient data or previous 

version of included instrument) 

8 instruments excluded 

 (lacking aggressive/violent 

behaviour constructs/items) 

Review of literature for reliability 

and validity studies for instruments 
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Table 5.2 Ranking of assessed tools based on psychometric and administrative properties 

 
Psychometric properties Administrative properties 

Total 

score 
Rank 

Instrument Reliability Validity Responsiveness Conceptual Measurement 

model 

Bias Brevity Simplicity Acceptability Accessibility   

Nisonger 

Child 

Behaviour 

Rating Form 

(NCBRF) 

3 2 0 3 3 1 2 3 3 3 23 1 

Conners’ 3
rd

 

Edition 
3 2 0 2 2 3 2 1 2 3 20 2 

Behaviour 

Problems 

Inventory  

(BPI-01) 

3 2 0 3 0 2 2 3 3 1 19 3 

Children’s 

Aggression 

Scale 

(CAS) 

3 2 0 3 3 2 2 1 1 1 18 4 

Aberrant 

Behaviour 

Checklist  

(ABC) 

3 2 0 3 0 2 2 2 1 2 17 5 

Disruptive 

Behaviour 

Disorder Scale 

(DBDRS) 

3 2 0 2 0 1 3 2 3 1 17 5 
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Child 

Behaviour 

Checklist  

(CBCL) 

2 2 0 0 0 3 2 1 3 3 16 6 

Modified 

Overt 

Aggression 

Scale 

(MOAS) 

0 0 0 3 3 0 3 3 2 2 16 6 

Swanson, 

Nolan, and 

Pelham 

Rating Scale  

(SNAP-IV) 

0 0 0 2 0 0 3 3 3 1 12 7 

3=A, 2=B, 1=C, 0=Unknown 
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5.4.1 Nisonger Child Behaviour Rating Form (NCBRF)  

The NCBRF is designed to analyse the behaviour of youth aged three to 16 with intellectual 

disability and/or ASD.223 It is a modified version of the Child Behaviour Rating Form224 and has 

a teacher and a parent version.223 A Typical IQ Version, has also been developed for rating 

children of normal developmental ability.225 The NCBRF consists of two key subscales (social 

competence and problem behaviour), eight domains and 76 items.226,227 The instrument is free 

to access and appears straight-forward to score. It exists in a psychometrically sound 

Romanian form.223 Age and gender bias may be present for the conduct problems and 

insecure/anxious subscales.226 Several psychometric studies have been conducted on the 

NCBRF that examined various forms of reliability and validity with mixed results.223 For 

reliability, internal consistency was rated high for both parent (Cronbach α=0.85) and teacher 

forms (Cronbach α=0.87) in the problem behaviours subscale.227 For the social competence 

subscale internal consistency was moderate for parent reports (Cronbach α=0.78) and high for 

teacher reports (Cronbach α=0.84).227 Moderate inter-rater reliability was shown (median 

correlation coefficient=0.51) between parents and teachers in the problem behaviours 

subscale which was accountable based on the different situational contexts of the raters. For 

validity, confirmatory factor analysis (CFA) found that the factor structure of the social 

competence subscale was acceptable (RMSEA=0.056); however, the problem behaviour 

section may be suboptimal (RMSEA=0.086),228 findings which were also echoed in ASD 

youth.218 Comparison with the ABC provided support for both parent (median correlation 

coefficient=0.72) and teacher (median correlation=0.69) versions for convergent validity.227 

Additionally, parent-ratings for the conduct problems subscale compared with the Disruptive 

Behaviour Checklist – Disruptive/Antisocial subscale further supported convergent and 

criterion validity.228  

 

5.4.2 Conners’ 3rd Edition 

The use of Conners’ behavioural rating scales have been long documented; with the current 

version being the Conners’ 3rd edition.229,230 There is a multitude of published literature on 

previous editions of the scales, with well-established validity and reliability evidence.231,232 The 

57 questionnaire items in Conners’ 3rd edition are based largely on the DSM23 and principles of 

the International Statistical Classification of Diseases.20,230 The items are used to assess ADHD, 

common comorbidities (e.g., ODD and CD) and associated problem behaviours in youth aged 

six to 18.229 A four-point Likert scale is used in the Conners’ 3rd edition where higher scores are 

associated with a greater number and/or frequency of concerns.229 Three different scales can 

be used to analyse behaviour in the Conners’ 3rd edition namely, the Content Scales, DSM 
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Symptom Scales and the Validity Scales. Flexible administration by qualified professionals is 

available in online, offline and written modes; offered in three forms (parent, teacher and a 

self-report).229 The instrument is expensive (~$650AUD) and appears complex to score either 

by hand or computer.229 However, scoring is weighted for age and gender.229 There is a lack of 

published evidence for Conners’ 3rd edition and its DSM-V version, perhaps due to the 

regularity of its updates. Overall the Conners’ 3rd edition had high quality evidence for 

reliability with data for internal consistency (parent Cronbach α=0.91, teacher Cronbach 

α=0.94, self-report Cronbach α=0.88),229 inter-rater, and test-retest reliability.229 There are 

reports for moderate to high validity through multiple statistical analyses, although not all data 

was reported.229 It has been translated into other languages including French,233,234 Chinese235 

and Spanish; however, published methods for translation methodology are lacking.229 

 

5.4.3 The Behaviour Problems Inventory (BPI-01) 

The BPI-01 is a 52-item instrument used to evaluate self-injurious, stereotypic and 

aggressive/destructive behaviour in mental retardation and other developmental 

disabilities.236 The evolution of the BPI-01 has been extensively documented with well-defined 

measurement construct and domains.236 It has been transformed since its first German version 

in the 1980s and has undergone multiple revisions.236,237 The BPI-01 has been translated into 

11 languages.223 Studies have examined the psychometric properties of the BPI-01 across 

children and adults samples.238 A comprehensive analysis of the BPI-01 in 1122 adults and 

children with intellectual disabilities (mean age=34.4 years) from several sites reported 

moderate to high internal consistency across frequency and severity of all three subscales 

(Cronbach's α=0.73 to 0.92).239 Furthermore, a study including participants 14 to 91 years old 

found moderate (ICC=0.64 to 0.76) test-retest reliability for the BPI-01.236 Evidence for strong 

convergent and discriminant validity has also been reported, with factor structure endorsed by 

confirmatory factor analysis.240,241 In addition, several studies have found supporting evidence 

for criterion-related validity of the BPI-01 with a Repetitive Behaviour Scale Spearman 

correlation of 0.77 for the self-injurious subscale, 0.68 for the stereotyped behaviour 

subscale242 and also the ABC in adults.243 

 

Few studies have exclusively assessed the use of the BPI-01 in youth. A study of 237 ethnically 

diverse youth (four to 22 years old) with severe developmental disabilities and/or behavioural 

challenges supported the validity and reliability of the BPI-01.242 For the BPI-01 the mean 

teacher-teacher single measures and test-retest reliability was moderate to excellent with ICC= 

0.76 and ICC=0.84, respectively. For internal consistency, reliability coefficients ranged from 

low to high across the three subscales (Cronbach’s α=0.86 (stereotypic), 0.88 
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(aggressive/destructive), 0.59 (self-injurious)).242 Further, excellent internal consistency for the 

frequency (Cronbach’s α=0.87) and severity subscales (Cronbach’s α=0.89) and test-test 

reliability has been reported in infants and toddlers at risk for intellectual or developmental 

disabilities.238 The BPI-01 has also been found to have high convergent and discriminant 

validity when compared to the NCBRF, as well as adequate factorial validity in youth.242  

 

5.4.4 The Children’s Aggression Scale (CAS)  

The CAS is designed to be used to evaluate setting-specific (i.e., home and school) frequency 

and severity of aggressive acts of non-institutionalised youth aged five to 18 years.202 Two 

English versions exist, a parent and a teacher version. The parent version features 33 items, 

and the teacher version features 23. The CAS features five key domains namely verbal 

aggression, aggression against objects and animals, provoked physical aggression, unprovoked 

physical aggression and use of weapons. The parent version has two additional domains 

including aggression against family members and aggression against non-family members.18 

The items in the CAS are weighted differentially depending on the severity of the act.18 The 

CAS requires evidence of qualifications for use, and has sophisticated hand or computer-

assisted scoring. The CAS has high internal consistency for both the parent (Cronbach’s α=0.93) 

and teacher (Cronbach’s α=0.93) versions.18 Differentiation between the diagnostic subgroups 

of ADHD, ODD and CD and correlations with other instruments including the CBCL provide 

support for validity.18 The teacher and parent versions both display moderate to high 

convergent validity.18,202 The parent version has a good measurement model with a one-way 

analysis of variance (ANOVA) indicating significant difference in ratings across all five domains, 

with a continuum of severity also emerging.18 Bias was not formally investigated, however, in 

reliability and validity studies featured an ethnically diverse population.18 In the context of 

youth with violent and aggressive behaviours, all items in the CAS focus on aggression and 

violent outbursts, rendering it a valuable tool in CD clinical research.     

 

5.4.5 Aberrant Behaviour Checklist (ABC)  

The ABC is a 58 item instrument used to measure behaviour problems of children and adults 

with mental retardation across five subscales.243 It exists in two versions, residential and 

community (ABC-C).244,245 It has an excellent measurement model with in-depth reporting of its 

development.246 The ABC is, or currently is, undergoing translation into 39 languages as 

reported by its distributors.247 However, minimal information for translation methods and 

validation was retrieved. Psychometric studies in toddlers have shown that the ABC-C is a 

reliable and valid behaviour-rating instrument. Overall, moderate to high internal consistency 

for each subscale across two studies (Cronbach’s α ranging 0.68 to 0.90248 and Cronbach’s α 
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ranging 0.81 to 0.96238) has been demonstrated. Moderate convergent validity has been 

displayed in clinician-rated youth with intellectual disabilities and challenging needs.249 

Furthermore, high convergent validity with the CBCL has been reported in outpatient 

psychiatry clinics in toddlers with a variety of conditions.248 The ABC-C contains less than 10% 

of items that specifically measure violent and aggressive behaviours. However, studies to 

validate the instrument have included participants with primary diagnoses of aggressive 

and/or violent behaviour such as CD.248,250 

 

5.4.6 The Disruptive Behaviour Disorders Rating Scale (DBDRS) 

The current DBDRS is based on the fourth edition of the DSM.251 It consists of 41 items 

representing four domains of symptoms for CD, ODD and ADHD.252 There are two scoring 

methods than can be used to assign a DSM diagnosis to the child.252 The DBDRS has been 

translated into Dutch,253 Spanish254 and Urdu.251 The Urdu version has displayed adequate 

psychometric properties, demonstrating that it is reliable for screening and diagnosis in the 

school and home setting.251 In the same study, the internal consistency reliability for the 

English version of the DBDRS ranged from moderate to high (Cronbach’s α=0.70 to 0.92).251 

Furthermore, another study of teacher responses showed excellent internal consistency 

reliabilities for the DBDRS (Cronbach’s α=0.91 to 0.95) across the inattentive (Cronbach’s 

α=0.93), hyperactive/impulsive (Cronbach’s α=0.91), and oppositional defiant (Cronbach’s 

α=0.94) subscales.255 High convergent validity of the DBDRS with the School Situations 

Questionnaire (SSQ) has been found in teacher responses in preschool aged children.255 Low 

agreement between parent and teacher ratings had highlighted potential instrument 

bias.253,254 Further studies evaluating the psychometric properties of the DBDRS are 

recommended as its role in the context of violent and aggressive behaviour rating has not 

been fully understood. Investigation into specific teacher and parent versions is also 

warranted, although it was unclear to determine if separate versions existed, with a report 

that the teacher version excluded the CD domain.255 

 

5.4.7 The Child Behaviour Checklist (CBCL) 

The CBCL is a 120 item parent-report, which provides a measure of behavioural and emotional 

functioning and social competence of youth, aged six to 18.256 The CBCL has been updated to 

include DSM-oriented scales, and to complement the new preschool version for children aged 

18 months to five years. The CBCL has two domains of open and closed questions, social 

competence and problem behaviours.257 These domains can be further divided into DSM-

orientated scales,258 eight syndrome structures, or ratings of externalising/internalising 

behaviours.259 Parents rate each closed question on a three-point Likert scale (higher scores 
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indicating a greater number of behaviours present) based on the preceding six months.259 The 

CBCL is part of a multi-informant group of instruments developed by Achenbach and 

colleagues which also includes the Youth Self Report and the Teacher Report Form.259 

Professional qualifications are required to access the costly (~$700AUD) instrument and 

scoring is completed digitally or by hand.260 Raw scores, T-scores and thresholds can be used to 

summarise the CBCL in multiple ways under different scales, syndromes and structures.260 The 

CBCL User Manual reports high inter-rater reliability (ICC =0.93, p<0.001) and test-retest 

reliability (ICC=0.95, p<0.001) for item scores.256 It is also reported in the manual that there is 

established evidence for content validity, criterion-related validity and construct validity for 

the CBCL.256 Published evidence supports clinician use of the CBCL demonstrating moderate 

reliability (mean Cronbach’s α=0.77), convergent and discriminant validity and sound factorial 

structure (CFI=0.92) compared to parent-reporting for the CBCL.261 The CBCL also 

demonstrates moderate to high factorial validity for the eight syndrome structure 

(RMSEA=0.026 to 0.055) across 30 societies, with 58 051 participants aged six to 18.259 Findings 

also support the concurrent validity of the recently derived DSM-oriented scales.262 Due to the 

multiple structures and subscales, analysis of the conceptual and measurement models of the 

instrument in regards to its use in violent and aggressive youth has not been conducted. The 

CBCL features few items (approximately 3.3% of the instrument) related to violent or 

aggressive outbursts, limiting its usefulness in studies featuring these participants. However, it 

is useful for obtaining data on the range of comorbidities that often need to be reported or 

included in the analysis in CD studies. Further research including youth with violent and 

aggressive behaviour, or those examining the conduct subscale of the CBCL may be useful to 

determine the role of this instrument in the CD population. 

 

5.4.8 Modified Overt Aggression Scale (MOAS)  

The MOAS is a 16 item rating scale that measures aggressive behaviour over four 

domains.263,264 The items of the MOAS are hand-scored on a five-point Likert scale of increasing 

severity with verbal aggression assigned the lowest score and physical aggression the 

highest.265 The total weighted score may range from zero to 40, with higher scores indicating 

more aggression.266 The MOAS has evidence for validity and reliability in French (Cronbach’s α 

of 0.84 to 0.89)267 and Chinese (ICC=0.94, p<0.001)265 versions, however, both studies lacked 

information regarding their methodology to achieve linguistic equivalence. The validity and 

reliability of the MOAS has been described in multiple inpatient and outpatient populations 

including intellectual disability, behavioural disorders and brain injuries.215,265,267-269 Reports of 

acceptable to high reliability and validity in multiple studies exist; however, studies including 

children are lacking. Dean et al.,266 report that the validity of the MOAS has been examined in 
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several studies, and demonstrated reliability and sensitivity in children, however, there is 

minimal evidence of published studies. Despite this, the tool has been used as an outcome 

measure in many studies with child and adolescent participants.51,266,270 All items in the MOAS 

focus on aggressive and violent outbursts, with the potential to be a valuable tool in CD clinical 

research. Further studies to validate the psychometric properties of the MOAS in children and 

adolescents are recommended. 

 

5.4.9 The Swanson, Nolan and Pelham Teacher and Parent Rating Scale (SNAP-IV) 

The 90 item SNAP-IV Rating Scale is a revision of the SNAP Questionnaire designed to measure 

ADHD and ODD symptoms in children and young adults.271 Items 41 to 90 of the SNAP-IV 

contain criteria from other DSM-IV disorders such as CD, generalised anxiety disorder, and IED. 

These criteria are often signs and symptoms that overlap with ADHD, or may be comorbid 

disorders.272 The SNAP-IV can be accessed online. Hand scoring appears simple. The SNAP-IV 

has been used in multiple clinical trials as a measure of efficacy and ADHD symptom 

severity.273 One study using the SNAP-IV has reported moderate to high internal consistency.274 

There are also published data to support the validity and reliability of the SNAP-IV for the 

Japanese272 and Chinese271 versions. The SNAP-IV has been criticised for the lack of published 

psychometric properties and sparse normative data in a review of ADHD rating scales, limiting 

its usefulness in research and clinical practice.271,275 For the same reason, it was not possible to 

extensively review this instrument for its use in violent and aggressive youth. Furthermore, the 

SNAP-IV only features a handful of symptoms (approximately 9% of the instrument) indicative 

of violent or aggressive outbursts, limiting its usefulness.  

 

Out of the nine instruments, two (NCBRF and ABC) can be used to evaluate behaviours in those 

with low IQs or mental retardation. Both the ABC and BPI-01 can be used to rate behaviours 

across child and adult populations and it is unknown if scoring is adjusted for age and gender 

as there was lacking published information regarding their measurement models. Items in the 

instruments varied from 16 (MOAS) to 120 (Conners’ 3rd Edition). Periods of measured 

behavioural occurrences spanned from the present (CBCL) to the past year (CAS). Instruments 

ranged in cost from free-access to $650AUD (Appendix 1). Responsiveness data were not 

obtained for any instrument. The NCBRF, Conners’ 3rd Edition and the BPI-01 were rated the 

highest for their psychometric properties (Appendix 2 and Appendix 3). The CAS, ABC-C and 

the DBDRS were rated moderately, and the CBCL, MOAS and SNAP-IV were rated lowest (Table 

5.3). The NCBRF, BPI-01 and CAS were the only instruments that can be used to measure both 

frequency and severity of behaviours. The CAS and MOAS featured the most items pertaining 

to aggression (both 100%).
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Table 5.3 Ranking of instruments and applicability to violence and aggression research 

Instrument Rank 

Psychometric 

Measures 

frequency  

Measures 

severity   

Number 

of items 

n (%) 

Comments 

Nisonger Child 

Behaviour Rating 

Form (NCBRF) 

1 Yes Yes ~7 

(9.2)% 

Designed for use in 

those with sub-

average IQ 

Conners’ 3rd 

Edition 

2 Yes No ~15 

(13.6%) 

Lacking published 

data for DSM-V 

version 

Behaviour 

Problems 

Inventory (BPI-01) 

3 Yes Yes 11 

(21.2%) 

Published methods 

for scoring lacking, 

designed for use in 

those with sub-

average IQ 

Children’s 

Aggression Scale 

(CAS) 

4 Yes Yes 33 

(100%) 

100% of scale 

measures 

aggression 

Aberrant 

Behaviour 

Checklist (ABC) 

5 No Yes ~5 

(8.6%) 

Developed and 

standardised in 

adults  

Disruptive 

Behaviour 

Disorder Scale 

(DBDRS) 

5 No Yes 15 

(33.3%) 

Extensive published 

data for ADHD 

populations 

Child Behaviour 

Checklist (CBCL) 

6 Yes No ~4 

(3.3%) 

Part of a multi-

informant group of 

instruments 

Modified Overt 

Aggression Scale 

(MOAS) 

6 No Yes 16 

(100%) 

Lacking validation in 

youth populations, 

100% of scale 

measures 

aggression 

Swanson, Nolan, 

and Pelham Rating 

Scale (SNAP-IV) 

7 No Yes ~8 

(8.8%) 

Published 

psychometric and 

normative data 

lacking 
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5.5 Discussion 

The strengths and weaknesses of the reviewed instruments will be discussed under the 

following subheadings: instruments accounting for the heterogeneity of aggression and 

comorbidities of conduct disorder, instruments encompassing weighted scoring for gender 

differences, instruments accounting for the severity and frequency of aggressive behaviours, 

instruments accounting for average and sub-average IQ, impact of technological advances on 

instruments and their development, and practicality, findings and recommendations. 

 

5.5.1 Instruments accounting for the heterogeneity of aggression and 

comorbidities of conduct disorder  

The assessment of violence and aggression using behaviour rating tools still appears limited, 

with a predominate focus on oppositional and defiant behaviour, rather than aggression 

itself.18 Instruments that intend to measure aggression were frequently confounded by items 

that evaluate oppositional and defiant behaviour, perhaps due to the heterogeneity and 

frequency of comorbidities in those with CD.18,22 The CAS and the MOAS take into 

consideration the heterogeneity of aggressive behaviours featuring items used to rate multiple 

subtypes of aggressive behaviours. The CAS features items that consider the context of the 

behaviour whether it occurs in the home, out of the home, between peers, between siblings, 

and has the option of multi-informants (teacher version or parent version). 

 

5.5.2 Instruments encompassing weighted scoring for age and gender differences 

The display of violent and aggressive behaviours has different implications based on the age 

and gender of the aggressor.18 The CAS, Conners’ 3rd Edition, CBCL and DBDRS all feature 

scoring systems that take into account weighted and/or standardised adjustments. Scoring 

systems that weight more severe acts more heavily than less severe acts may provide a more 

accurate evaluation of the problem behaviours.276 Standardising behaviour for age and gender 

can lead to scores that can be compared to age and gender-appropriate ranges, aiding in the 

delineation of normative and non-normative behaviours.73  

 

The BPI-01 and ABC are instruments that can be used in adults. There was minimal published 

information found about the scoring system for the BPI-01. It was not able to be determined if 

the age of subjects was taken into account during its development which may limit its 

usefulness and be a potential source of bias. There is a further need for evaluating instruments 

not standardised in youth, since the presentation of their behaviours may differ from adults as 

a result of developmental factors.244  
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5.5.3 Instruments accounting for the severity and frequency of aggressive 

behaviours 

The ability to assess severity independent of frequency of behaviours is an important and 

valuable characteristic. Instruments that do not feature weighted scoring or combine 

frequency and severity are problematic.18 Weighting items depending on the severity of the 

act allows for more severe episodes of behaviour to be mathematically weighted more heavily 

than less severe ones.18 The NCBRF, BPI-01, and CAS were the only instruments that both 

measured frequency and severity of behaviours. The BPI-01 measures frequency and severity 

of behaviours independently, however, published scoring methods are lacking. The NCBRF 

requests users to rate behaviour over the past month, however combines frequency and 

severity rating for each item. The CAS requests users to rate behaviour over the past year and 

provides items that escalate in severity. The items are then rated on a five-point Likert scale 

for frequency. Although there is concern over the lack of precision when estimating frequency, 

using a quantitative approach (e.g., “never”, “once a month”, “most days”) may overcome 

error variance that is associated with the users’ perception of subjective terms such as 

“occasionally” and “often” 18. The CAS was the only scale that weighted various acts of 

aggression to determine the severity of specific acts of aggression beyond the frequency. 

 

5.5.4 Instruments accounting for average and sub-average IQ 

The assessment of learning disabilities is essential in individuals with conduct problems as a 

third of children with CD have sub-average IQ.277 Longitudinal studies show those with early 

onset CD have lower IQ and are predicted to have poorer outcomes in adulthood.277,278 The 

BPI-01 as well as the NCBRF are designed to measure subjects with sub-average IQ. The NCBRF 

has a recently developed “Typical IQ” version, however, it is unknown if the BPI-01 is suitable 

to use in this group. Although the BPI-01 ranked highly in this review it should be used 

carefully in those with typical IQ until further validation can be determined. Instruments 

should be used with caution until validated for use in those with typical IQ and sub-average IQ. 

 

5.5.5 Impact of technological advances on instruments and their development  

The emergence of technologically advanced instruments is an area of interest. The electronic 

Hamilton Anatomy of Risk Management tool has recently been released and is a free 

electronic instrument that is used to monitor a patient to predict the likelihood of violent and 

aggressive outbursts.279 The instrument aggregates and charts captured data over time, while 

connecting to past episodes and treatments. New technology may revolutionise how 

aggression is measured, monitored and managed.279 Therefore, it should be considered when 

developing new, or refining existing instruments.  
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5.5.6 Practicality, findings and recommendations 

Overall, it became apparent that aggressive behaviours typically receive relatively little 

attention in broad-band behaviour rating instruments with small numbers of designated items, 

often confounded and conflated with oppositional and defiant symptoms.236 The two 

instruments that ranked highest psychometrically, the NCBRF and Conners’ 3rd Edition, were 

broad-band behaviour rating scales that only had approximately 9.2% and 13.6% of items 

measuring violent and aggressive behaviours, respectively. The CAS is a psychometrically 

sound instrument that takes into account frequency and severity of behaviours as well as age 

and gender effects, thus, is recommended for use in this violent and aggressive youth 

research.  All of the items in the CAS and the MOAS can be used to measure violent and/or 

aggressive behaviours. Further research into the psychometric properties of the MOAS in 

violent and aggressive youth is required before its use can be recommended.  

 

5.5.7 Limitations of the study 

The review included instruments used in RCTs of pharmacotherapy in CD and related 

comorbidities. A limited selection of instruments may have been included due to the inclusion 

criteria used. Diagnosis for behavioural disorders is usually in accordance with the DSM-V or 

ICD-10. Ongoing violent and aggressive behaviours in children will often fall under the category 

of CD; however, they are not limited to this diagnosis. A wider search of databases using 

behaviour specific terms e.g., ‘aggression’ or ‘violence’ may result in an improved review of 

instruments. As previously discussed, childhood aggression is highly situational and the ability 

to analyse aggression in different contexts (e.g., home, school, siblings, and peers) is useful. 

This study did not evaluate the psychometric properties of teacher versions or teacher 

responses for all instruments.  

 

5.5.8 Future directions for research and practice 

Age, gender, functional level, situational context and the type of informant should be 

considered in efficacy outcome studies of pharmaceutical intervention in those with violent 

and aggressive behaviours and/or CD. Overall, studies of instruments featuring children or 

those with violent and/or aggressive behaviour disorders were lacking and further research in 

this population is required for validation of instruments in this study. Additional research into 

the psychometric properties of the MOAS in violent and aggressive youth is required before its 

use can be recommended.  
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5.6 Conclusion 

Although broad-band scales such as the NCBRF and Conners’ 3rd Edition rated highest for their 

psychometric properties, their usefulness in youth violence and aggression research is limited. 

This has led to conclude that much of the diversity in predictor and criterion measures may be 

due to a fundamental lack of theoretical models considering the heterogeneity of CD. Most 

behaviour rating instruments contain few designated items specific to violent and aggressive 

behaviours and are often conflated with oppositional and defiant symptoms. All of the items in 

the CAS and the MOAS can be used to measure violent and/or aggressive behaviours. The CAS 

was found to be the most psychometrically sound and useful instrument that exclusively 

measures aggressive behaviours in youth.  
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Chapter 6. Prospective open-label clinical trial  

 

6.1 Background and significance  

The need for novel diagnostic techniques and interventions for children and adolescents with 

violent and aggressive behavioural disorders has been identified in Chapter 2. The biochemical 

approach to diagnosis and treatment of mental illness requires further evidence (Chapter 3), 

and has shown potential in a retrospective observational study of violent and aggressive male 

children and adolescents (Chapter 4).  The retrospective study supported published 

literature7,10,130,152,156,157 for the potential of blood copper and zinc, and urine HPL as chemical 

biomarkers. Interestingly, 78% of reviewed subjects with anger problems also displayed 

elevated HPL and copper/zinc ratios in the retrospective study. Vitamin B6, P5P, zinc, 

chromium and vitamins C and E were the seven most frequently prescribed micronutrients 

used to address troublesome signs, symptoms and traits such as anger, anxiety and mood 

swings. The mean time to improvement from available data was less than 11 weeks and 

prescribed interventions appeared well tolerated. Recommendations from Chapter 4 

suggested that micronutrient therapy warranted investigation in a pilot study to examine the 

feasibility of conducting a RCT to determine safety and efficacy as primary outcomes. This may 

be achieved through the development of a standardised and targeted micronutrient 

intervention specific to the biochemistry of violent and aggressive males aged four to 14.  

 

Chapter 2 and Chapter 4 also highlighted the need for a review of efficacy outcome measures 

appropriate for use in both practice and research for violent and aggressive children and 

adolescents. Chapter 5 determined that the CAS and the MOAS appeared to be the most 

useful instruments used to measure intervention efficacy in violent and/or aggressive 

behaviours in youth. 

 

This chapter incorporates findings from Chapter 2 to Chapter 5 and presents an open-label 

clinical trial of micronutrient therapy in violent and aggressive males. 

 

Micronutrient therapy has been used in patients with a wide range of mental illness including 

schizophrenia, depression, ADHD and autism.11 The use of micronutrients such as pyridoxine, 

P5P, zinc, biotin, zinc, selenium and vitamins C and E have been documented to target violent 

and aggressive behaviours in those with elevated HPL, oxidative stress and its related 

deficiencies.6,10 Micronutrient therapy may be useful for addressing the therapeutic gap, 

managing violent and aggressive behaviours in youth without the side effects of contemporary 
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pharmaceuticals often used in this population.9 While individualised micronutrient dosing 

through biochemical profiling has emerged as a novel method to manage behavioural 

disorders,100,110 with considerable anecdotal support, the personalised prescribing has 

precluded rigorous evidence in the form of clinical trials. Nonetheless, micronutrient therapy 

requires further study because of its increasing use in youth without supportive evidence.114 

Male children and adolescents with violent and aggressive behaviours often display unique 

biochemistry compared to their female counterparts perhaps due to the onset of puberty and 

menstruation.7,10 This provides an opportunity for the development of a standardised 

treatment intervention targeting the biochemical imbalances associated with violence and 

aggression in male children adolescents.  

 

6.2 Aims and objectives 

Aim: To conduct and open-label clinical trial in violent and aggressive male children and 

adolescents using a micronutrient intervention. 

Objectives: To investigate if micronutrient therapy is efficacious and well tolerated in violent 

and aggressive male children and adolescents. The primary outcome was a reduction of 

aggressive and violent behaviours. The secondary outcomes were an improvement in HRQoL 

and family functioning.  

 

6.3 Methods 

6.3.1 Study design  

The study was a prospective, 16-week, single-arm, open-label, pilot trial. The 16 weeks of 

intervention was divided into two equal time periods of eight weeks (at visit three). This was 

for the following reasons: 

 To allow for regular data collection and contact between the participant, their 

caregiver(s) and the investigator(s), 

 To assess tolerability, encourage compliance and retention of participants during the 

study 

 To reduce the burden of demand on the compounding pharmacy. 

Follow-up occurred six to 12 months after discharge from the study.  

 

6.3.2 Research ethics approval 

Approval to conduct the study was obtained from Griffith University Human Research Ethics 

Committee (HREC) EC00162. Conditional approval (Protocol Number: PHM/16/14/HREC) to 
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commence the study was granted on February 5th, 2015. Full approval was granted on June 

10th, 2015.  

 

6.3.3 Study population, inclusion and exclusion criteria 

Male participants, four to 14 years of age, who displayed ongoing violent and aggressive 

behaviours for at least six months were included. Participants were required to have never 

taken or not recently taken (within the previous four weeks) micronutrient therapy or 

prescription medication for their behaviour. Potential participants were excluded if their 

behaviour was secondary to another illness (e.g., physical disability, diabetes or thyroid 

dysfunction), had an acute medical condition requiring priority, had severe anaemia or had a 

medical condition that may result in severe malabsorption from the gastrointestinal tract (e.g., 

Crohn’s disease or irritable bowel syndrome). Those receiving non-pharmaceutical 

interventions such as psychological therapy and counselling were allowed to participate 

provided that treatment was consistent throughout screening to week 16.  

 

6.3.4 Study site 

The study took place at an outpatient medical practice in Mudgeeraba, Queensland (QLD), 

Australia. Blood samples were collected off-site by Sullivan and Nicolaides Pathology in QLD 

and northern New South Wales (NSW), and Douglass Hanly Moir in central NSW. All blood 

samples were analysed by Sullivan and Nicolaides at Taringa, QLD. Urine samples were 

collected at the study site and analysed by Applied Analytic Laboratories, Meadowbrook, QLD. 

 

6.3.1 Sample size 

A standard deviation of 23 was assumed based on total aggression scores reported in a 

validation study of the primary outcome measure (6.3.4), the CAS, in community and clinical 

samples.18,280 To detect a statistically significant difference between repeated measures, pre 

and post intervention, with 90% power and a type I error value of 0.05, 30 participants were 

required to complete the study. Assuming a 30% drop out, there was a target to recruit 43 

participants at baseline.  

 

6.3.2 Recruitment and advertising 

Participants were recruited from February 2015 to September 2015 through Education 

Queensland, and/or referral by medical practitioners, specialists and social workers. 

Advertisement of the study included the electronic or paper dispersal of the study brochure 

(Appendix 4). From this brochure, guardians were directed to contact the study team for 

further information and screening. 
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6.3.3 Screening and consent 

A screening questionnaire (Appendix 5) was sent to guardians who contacted the research 

team. After completion, potentially eligible participants and their guardian(s) were invited to 

the study site for a further screening assessment and provision of oral and written information 

about the study (Appendix 6 and Appendix 7). Written informed consent was provided by the 

primary guardian and potential participant, if appropriate. Urine and blood samples were 

collected from the potential participant to screen their full blood count, plasma zinc, plasma 

copper, whole blood histamine and urine HPL. Guardians completed the CAS Parent Version 

(CAS-P), MOAS, FFSS and the PedsQL. Once pathology and questionnaires were completed, 

those who met inclusion criteria were invited to participate. They were also provided teacher 

information and consent forms for optional classroom teacher participation.  

 

6.3.4 Primary and secondary outcomes 

Outcome assessments were conducted at baseline, eight weeks, 16 weeks and at follow-up. 

The CAS-P, MOAS, FFSS and the PedsQL were administered at baseline, week eight, week 16 

and at follow-up. The CAS Teacher Version (CAS-T) and MOAS were administered to classroom 

teachers/aides who consented at the same time points. An exit questionnaire was 

administered at endpoint for feasibility assessment (Chapter 7). Primary outcomes were 

ratings of violent and aggressive behaviours, measured using the CAS and the MOAS, which 

have been shown to be useful in RCTs including youth with violent and aggressive behaviours 

(Chapter 5).15  

 The Children’s Aggression Scale (CAS) – Parent and Teacher Version  

The CAS is used to measure the frequency and severity of aggressive and/or violent acts of 

non-institutionalised youth in setting specific environments (e.g., home or school).202 The 

CAS-P features 33 items and the CAS-T features 23. The CAS has five key domains namely, 

verbal aggression, aggression against objects and animals, provoked physical aggression, 

unprovoked physical aggression and use of weapons. The parent version has two 

additional domains, which include aggression against family members and aggression 

against non-family members.18 The items in the CAS are weighted depending on the 

frequency and severity of the act, with higher numerical scores indicating increased 

frequency and/or severity of aggression.18 A qualitative score is also assigned raging from 

‘normal range’, ‘mildly elevated’, ‘moderately elevated’ to ‘very elevated’. The CAS has 

strong psychometric properties in children and adolescents across both the parent and 

teacher versions.15,18,202 
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 The Modified Overt Aggression Scale (MOAS) 

The MOAS is a 16 item rating scale that is used to measure the severity of verbal 

aggression, physical aggression against objects, physical aggression against self and 

physical aggression/violence against others.263 The items of the MOAS are weighted and 

hand-scored on a five-point Likert scale of increasing severity with verbal aggression 

assigned the lowest weight and physical aggression the highest.265 Scores can range from 

zero to 40, with higher scores indicating more severe aggression. The MOAS has been used 

in many studies with child and adolescent participants.51,266,270 It has reasonable reliability 

in children.266 

 

Secondary outcomes were HRQoL of life and family functioning. They were assessed using: 

 The Pediatric Quality of Life Inventory (PedsQL 4.0) 

PedsQL is an instrument used to measure HRQoL in children and adolescents aged two to 

18 years. The 23-item PedsQL parent report features four domains that are used to assess 

physical, emotional, social and school functioning. These four domains comprise the core 

health dimensions outlined by the World Health Organisation.281 Scale scores range from 

zero (‘almost always having a problem’) to 100 (‘never having a problem’); with higher 

scale scores indicating better HRQoL. The PedsQL has evidence for reliability, validity and 

responsiveness.281,282 

 The Family Functioning Style Scale (FFSS) 

The FFSS is used to assesses the extent to which a family member believes their family 

displays different strengths and capabilities namely, interactional patterns, family values, 

coping strategies, family commitment and resource mobilisation.283 It includes 26 items, 

each rated on a scale from one (‘not at all like my family’) to five (‘almost always like my 

family’), with higher scores indicating better family functioning. The FFSS has evidence for 

reliability and validity for use in families of preschool children.283 

 

6.3.5 Biological testing 

Blood samples (non-fasting) were collected by Sullivan and Nicolaides Pathology or Douglass 

Hanly Moir Pathology at the screening visit (full blood count, plasma zinc, plasma copper, 

whole blood histamine) and at endpoint (16 weeks) (plasma zinc and plasma copper). Urine 

samples (non-fasting) were collected and measured at APAN Laboratories for HPL at the 

screening visit and at endpoint (16 weeks). Zinc, copper, histamine and HPL were investigated 

for diagnostic purposes. Height and weight were measured at baseline, eight weeks and 16 

weeks.  
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6.3.6 Intervention 

The intervention consisted of ascorbic acid (vitamin C), pyridoxine, P5P, zinc, vitamin E, biotin, 

chromium and selenium. All nutrients had differing mechanisms of action and pharmacokinetic 

properties (Table 6.1). Pyridoxine, P5P, zinc and biotin were included due to their deficiencies 

associated with oxidative stress and elevated HPL. Vitamin E was included as a lipid-soluble 

antioxidant,284 vitamin C as a water-soluble antioxidant,285 and selenium for its role as a major 

constituent of many enzymes with antioxidant functions.139 Chromium was included due to its 

role in neurotransmitter synthesis, fat metabolism and glucose regulation, where glucose 

intolerance has been described as a potential exacerbating factor in violent outbursts.286 

In general, the strategy of studying several ingredients in combination is unusual, especially 

given the standard scientific approach of examining the effects of one pharmacologic agent at 

a time.188 However, previous studies using micronutrients in combination have been 

successful,187 and the use of this combination of micronutrients has had reported10 and 

anecdotal6 success for violent and aggressive behaviours in those with elevated HPL. 

The frequency of dosing was twice daily with half the vitamin C and full doses of pyridoxine 

and P5P given in the morning. All other micronutrients were given at night.  

 

The retrospective review (Chapter 4) found that the prescribed nutrients appeared well 

tolerated with some such as pyridoxine, P5P, zinc, vitamin E given many times above the 

recommended dose ranges.13,14,287 The micronutrients in the intervention, their corresponding 

dose ranges from the retrospective study, recommended dose ranges in the literature, 

recommended dietary intakes and pharmacokinetics are presented in Table 6.1. 

 

Doctors trained in biochemical therapy often diagnose and prescribe directed by treatment 

protocols provided through Walsh Research Institute training. Each identified biochemical 

imbalance is addressed (Chapter 3) and an individualised treatment protocol is developed.  

 

A dosage review panel including international experts in the field of biochemical imbalances 

and micronutrient therapy developed the study intervention. The panel included researchers, 

scientists, pathologists, medical doctors and pharmacists. Biochemical treatment protocols 

were refined for the purpose of the trial to standardise the intervention for the participants. 

The intervention protocol was developed for a 70 kg participant (Table 6.2) to allow for 

transformation of dosage using the multiplication factor.
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Table 6.1 Micronutrient dose ranges, dietary intake and pharmacokinetics 

Micronutrient Retrospective subject’s daily 
dose range 

Recommended dose range in 
resources13,14,287 

Dietary intake14,287 Pharmacokinetics 13,287 

Ascorbic Acid 
(Vitamin C) 

62.5-1300 mg 200 mg to 45 000 mg/daily 25-75 mg/day Metabolised by liver and excreted 
by kidneys 

Pyridoxine 4.1-500 mg 5-25 mg/day 0.6-1.3 mg/day Metabolised by the liver; 35-63% 
renal excretion; 2% bile excretion 

Pyridoxal-5-phosphate 
(P5P) 

4.3-100 mg 5-25 mg/day 0.6-1.3 mg/day Metabolised by the liver; 35-63% 
renal excretion; 2% bile excretion 

Zinc 10-200 mg 25-50 mg/day 4-13 mg/day Distributed across all body tissues 
and fluids 60% skeletal muscle, 
30% bone 

Vitamin E  44-581 IU 121-242 IU/kg 7-12 IU/day 70-80% hepatic metabolism; 70-
80% excreted in bile 

Biotin 150-2000 mcg 50-10 000 mcg 50 mcg/day Unknown 

Chromium 50-200 mcg 10-200 mcg/day 11-35 mcg/day Accumulates in kidney, muscle and 
liver; excreted via urine, hair, 
perspiration and faeces 

Selenium 100 mcg 30-70 mcg/day 30-70 mcg/day Complex metabolism; 50-60% renal 
excretion 



92 
 

Table 6.2 Intervention protocol for a 70 kg adult 

Morning dose (any time before 3.30pm) Evening Dose 

Nutrient Dose Nutrient  Dose 

Ascorbic Acid (Vitamin C) 1000 mg Ascorbic Acid (Vitamin C)  1000 mg 

Pyridoxine HCl (Vitamin B6) 50 mg Zinc as picolinate 75 mg 

Pyridoxal-5-Phosphate (P5P) 125 mg D-alpha Tocopheryl Succinate (Vitamin E) 800 IU 

  Biotin  2000 mcg 

  Chromium as picolinate 100 mcg 

  Selenium as Selenomethionine 25 mcg 

 

The dose of each micronutrient was calculated for each participant based on their weight using 

Equation 1 and Equation 2.  Table 6.3 presents an example of the calculations for a participant 

who weighed 26.8 kg. Their multiplication factor was 0.487. 

 

Equation 1 Multiplication factor calculation for micronutrient doses in study participants 

𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 =  [
𝑊𝑒𝑖𝑔ℎ𝑡 (𝑘𝑔)

70 (𝑘𝑔)
]

0.75

 

 

Equation 2 Dose adjustment calculation using multiplication factor and intervention protocol  

𝐷𝑜𝑠𝑒 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 × 𝑚𝑢𝑡𝑖𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟  

 

Table 6.3 Calculated doses for a participant who weighed 26.8 kg 

Morning micronutrients  Dose 

Ascorbic Acid (Vitamin C) (1000 mg x 0.487) = 487 mg 

Pyridoxine HCl (Vitamin B6) (50 mg x 0.487) = 24 mg 

Pyridoxal-5-Phosphate (P5P) (125 mg x 0.487) = 61 mg 

Evening micronutrients Dose 

Ascorbic Acid (Vitamin C)  (1000 mg x 0.487) = 487 mg 

Zinc as picolinate (75 mg x 0.487) = 37 mg 

D-alpha Tocopheryl Succinate (Vitamin E) (800 IU x 0.487) = 389 mg 

Biotin  (2000 mcg x 0.487) = 974 mcg 

Chromium as picolinate (100 mcg x 0.487) = 49 mcg 

Selenium as Selenomethionine (25 mcg x 0.487) = 12 mcg 

 

The micronutrients were extemporaneously manufactured into capsules by a compounding 

pharmacy in Tugun, Queensland, Australia. All micronutrients were pharmaceutical grade. 

Micronutrients were packed into size 00 vegetarian capsules using a Torpac® Profill 3007 

capsule machine. Pack weight and ingredient displacement was taken into account by the 

compounding pharmacist. Sample packing statistics for a 26.8 kg participant are presented in 

Table 6.4. A plant based, microcrystalline cellulose (Avicel®) was used as an excipient to fill the 

capsules to volume.  
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Table 6.4 Packing statistics for 26.8 kg participant 

Ingredient Salt Units Total 
dose 

Dilution 
to use 

Pack weight (mg) 
 

Vitamin C (corn-free ascorbic 
acid) 

mg 487  - 996 

Zinc (as picolinate) mg 37  - 810 

Vitamin E (as succinate) IU 389  - 565 

Biotin  - mcg 974  - 650 

Chromium (as picolinate) mcg 49 1:10 650 

Selenium (as selenomethionine) mcg 12 1:100 1000 

Vitamin B6 - mg 24 - 806 

P5P - mg 61 - 510 

Avicel® Filler - mg - - 473 

 

6.3.6.1 Dosage form   

Capsules were required to be stored in the provided container and kept at room temperature, 

not exposed to excessive light. Both morning and evening capsules were to be taken with food 

to minimise any risk of nausea. The morning capsule(s) could be taken any time before 3.30 

pm so long as food had been consumed. Caregivers were supplied with guides to assist 

children to swallow capsules. If the participant could not swallow the capsule they were 

directed to open it and disperse the powder contents into food (preferably pure maple syrup) 

or drink (such as orange juice).  

 

6.3.7 Safety, tolerability and compliance 

Guardians and participants were required to immediately report any potential adverse effects 

occurring during the study to the investigator. Guardians were contacted regularly (weekly on 

average) throughout the study and any data regarding adverse effects was documented and 

managed accordingly.  

 

Compliance was recorded via the use of dose administration charts and through records of 

returned capsules week eight and 16. 

 

6.3.8 Statistical analysis 

Statistical analyses were carried out using Stata® version 14.1.193 Continuous measures were 

described using means and standard deviations, or medians and ranges, as appropriate. 

Nominal variables were described as frequencies and percentages. Effect size (Cohen’s d) for 

changes from baseline to the end of treatment (16 weeks) were analysed for primary and 

secondary outcome measures, plasma zinc, plasma copper, copper/zinc ratios, weight and 
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height. All tests were two-tailed and P-values less than 0.05 were considered statistically 

significant. The adequacy of each statistical model was assessed by examining residuals for 

heterogeneity and normality.  

 

6.4 Results  

6.4.1 Recruitment and advertising 

Once ethics approval was granted (6.3.2), advertising for recruitment commenced, four weeks 

prior, to the initial intake of participants (Table 6.5). Different platforms of digital and printed 

media were utilised (e.g., PowerPoint presentation, digital brochures and printed brochures) 

(Appendix 4). Approval to disperse and advertise to public/state primary and high schools was 

granted through the Department of Education and Training Queensland (QLD) and the 

Department of Education and Communities New South Wales (NSW). The brochure was 

electronically mailed to 61 south-east QLD primary schools, 17 south-east QLD high schools, 

three south-east QLD special schools, 39 northern NSW primary schools and three northern 

NSW high schools. Several general practitioners (GPs), medical specialists (psychiatrists, 

paediatricians), and social workers provided a referral system to the study for potential 

participants. 

 

Table 6.5 Recruitment campaign dates of advertising  

Campaign type Date Comments 

Digital brochure 23/02/2015, 15/05/2015 Reached ~3000 people 

Bio-Balance conference 22/03/2015 To the public, 1000 delegates 

GPs 17/03/2015 Recruited at conference 

Specialist referral 17/04/2015 Psychiatrist, Paediatrician  

Social worker referral 22/03/2015 Recruited at conference 

School newsletter QLD 08/03/2015 81 government schools 

School newsletter NSW 14/05/2015 42 government schools 

 

From the recruitment campaign there were 112 expressions of interest nationally and 

internationally (Table 6.6, Figure 6.1). Digital advertising appeared most successful, attracting 

48 enquiries. Eighteen expressions came from health professional referral including doctors 

and specialists. Social workers referred four potential participants to the study; however, costs 

associated with travel and candidates that did not want to participate prevented admission to 

the study.  Fifty-one potential participants did not meet criteria (e.g., unable to travel to the 

study site, of female gender, not meeting age requirement, and/or being prescribed 

pharmacotherapy for their behaviour) to proceed to the Screening Questionnaire. Sixty-one 

progressed to the Screening Questionnaire, where 26 did not meet inclusion criteria and three 

declined to participate due to a worsening behaviour while awaiting screening and admission 
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to the study and travel restrictions. Thirty-two participants were admitted to the study and 31 

completed the intervention as one participant moved interstate (Figure 6.1).  

 
Table 6.6 Expressions of interest received from the recruitment campaign 

Type of media/referral Expressions of interest Participated in study 

Website advertising, social 
media, word of mouth 

48 19 

Conference advertising 9 0 

School campaign 8 3 

Social worker referral 4 0 

Health professional  18 5 

Unknown 25 5 

Total 112 32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 Flowchart of participants through the study 
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6.4.2 Characteristics of the study population at baseline  

Thirty-one male participants completed the 16-week study (Figure 6.1). One-hundred and 

fourteen individuals contacted the recruitment team and 61 children and adolescents were 

screened for eligibility. Thirty-two participants met inclusion criteria and along with their 

guardian(s) provided consent to participate. One was lost to follow-up after the initial visit. 

Thirty-one participants were included in outcome analyses.  

 

Characteristics of the population are presented in Table 6.7. Participants ranged from four to 

14 years of age (mean 8.35 ± SD 2.93 years). On average they were considered lean with a 

mean body mass index (BMI) of 16.79 ± SD 2.39 (normal range: 18.5 to 24.9). The population 

sample predominately consisted of nuclear families (55%), with single-parent and blended 

families less common in 26% and 19% of the sample, respectively. Of the 31 participants, 20 

(65%) resided in metropolitan areas while 11 (34%) resided in rural or non-metropolitan areas.  

 

Nineteen (61%) participants had been diagnosed with one of more behavioural disorders 

including ODD, ADHD, ASD, and PTSD. Twelve participants (39%) had no formal diagnosis, 

which was expected due to the inclusion criteria for treatment naïve/untreated participants. 

At baseline, 26 (84%)  participants were rated in the highest category of aggression according 

to CAS-P (i.e., ‘very elevated’ aggression), four (13%) were scored as ‘mild to moderate’  and 

one (3%) participant scored a borderline ‘normal’ aggression rating. All participants returned a 

positive MOAS score for aggressive behaviour at baseline (13.32 ± SD 7.36).  
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Table 6.7 Population characteristics at baseline 

 Sample (n=31) 

Characteristic mean ± SD % (n) 

Age 8.35 ± 2.93  

Body mass index (BMI) 16.79 ± 2.39   

Receiving concurrent behavioural therapy  71 (22) 

Previously receiving prescription medication   0 (0) 

Family Structure   

Nuclear 
Single-parent 
Blended 

 55 (17) 
26 (8) 
19 (6) 

Residential status   

Metro 
Non-metro/Rural 

 65 (20) 
34 (11) 

Diagnosis   

Oppositional defiant disorder 
Attention-deficit/hyperactivity disorder 
Autism spectrum disorder 
Post-traumatic stress disorder 
Undiagnosed 

 16 (5) 
16 (5) 
35 (11) 
6 (2) 
39 (12) 

CAS qualitative score   

Very elevated aggression 
Moderately elevated aggression 
Mildly elevated aggression 
Normal  

 84 (26) 
6 (2) 
6 (2) 
3 (1) 

 

Baseline, week eight and week 16 mean, standard error (SE) and SD for primary and secondary 

outcomes and biological measures are presented in Table 6.8. 

 

Further, the mean difference, confidence interval, significance (p-value) and effect size 

(Cohen’s d) from baseline to week eight and baseline to week 16 for the effects on 

micronutrient therapy on primary and secondary outcomes and biological measures are 

presented in Table 6.9.  
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Table 6.8 Baseline, week 8 and week 16 mean, standard error and standard deviation for the effects of micronutrient therapy on aggression, family functioning, health-
related quality of life ratings and biological measures 

 Baseline Week 8  Week 16 

 Mean SE SD Mean SE SD Mean SE SD 

CAS-Verbal 94.81 -3.02 16.8 80.71 -3.23 18 78.35 -3.27 18.21 

CAS-O/A 87.74 -3.84 21.38 73.71 -4.55 25.32 65.65 -3.61 20.1 

CAS-Physical 89.26 -2.84 15.82 75.61 -3.63 20.21 69.55 -3.4 18.95 

CAS-Weapons 64.55 -4.61 25.67 53.9 -2.86 15.91 53.19 -2.5 13.93 

CAS-Provoked 79.45 -2.85 15.84 67.51 -3.09 17.21 65.61 -2.7 15.02 

CAS-Initiated 92.84 -3.68 20.51 79.32 -4.45 24.76 70.58 -3.99 22.21 

CAS-Family 86.06 -3.23 17.99 75.84 -3.36 18.69 72.23 -3.35 18.66 

CAS-Non-Family 91.94 -3.32 18.47 74.71 -3.89 21.63 70.84 -4.05 22.55 

CAS-Peers 84.23 -2.74 15.23 73 -3.35 18.66 70.06 -3.02 16.84 

CAS-Adults 93.48 -3.25 18.09 79.77 -3.61 20.12 78 -3.92 21.85 

CAS Total 336.35 -9.7 54.02 283.94 -11.72 65.24 266.74 -10.43 58.09 

MOAS 13.32 1.32 7.36 7.9 1.37 7.63 4.84 1.00 5.57 

FFSS 3.85 -0.11 0.62 3.9 -0.11 0.61 4.01 -0.09 0.51 

PedsQL 56.73 -2.14 11.9 66.97 -2.37 13.19 70.93 -2.1 11.7 

HPL (µg/dL) 56.43 -8.33 46.4 - - - 55.13 -5.64 31.93 

Zinc (µmol/L) 11.5 -0.3 1.7 - - - 14.85 -0.57 3.16 

Copper (µmol/L) 18.55 -0.61 3.42 - - - 16.35 -0.54 3.02 

Copper:Zinc 1.64 0.07 0.37 - - - 1.14 0.05 0.41 

Histamine (µmol/L) 0.78 0.08 0.46 - - - - - - 

Weight 30.15 -2.02 11.26 - - - 31.08 -2.11 11.76 

Height 131.55 -2.96 16.49 - - - 134.13 -3.02 16.83 
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Table 6.9 Effects of micronutrient therapy on aggression, family functioning, health-related quality of life ratings and biological measures from baseline to week eight and 
baseline to endpoint  

Outcome Change from baseline to week 8 
 

Change from baseline to week 16 
 

 Mean difference (95% 
confidence interval of 
mean difference) 

P value Cohen’s d  
(95% confidence 
interval) 

Mean difference (95% 
confidence interval of mean 
difference) 

P value Cohen’s d  
(95% confidence 
interval) 

CAS-Verbal 14.10 (8.11, 20.09) <0.001 0.86 (0.47, 1.26) 16.45 (10.07, 22.84) <0.001 0.94 (0.52, 1.37) 

CAS-O/A 14.03 (7.47, 20.59) <0.001 0.78 (0.45, 1.11) 22.10 (16.43, 27.76) <0.001 1.43 (0.98, 1.88) 

CAS-Physical 13.65 (6.39, 20.90) <0.001 0.69 (0.27, 1.11) 19.71 (12.29, 27.13) <0.001 0.97 (0.50,1.45) 

CAS-Weapons 10.65 (2.85, 18.44) <0.05 0.50 (0.15, 0.85) 11.35 (1.38, 21.33) <0.05 0.42 (0.08, 0.76) 

CAS-Provoked 11.94 (5.31, 18.56) <0.001 0.66 (0.24, 1.08) 13.84 (6.75, 20.93) <0.001 0.72 (0.24,1.19) 

CAS-Initiated 13.52 (5.30, 21.73) <0.05 0.60 (0.23, 0.98) 22.26 (13.70, 30.82) <0.001 0.95 (0.50, 1.41) 

CAS-Family 10.23 (4.72, 15.73) <0.001 0.68 (0.35, 1.02) 13.84 (7.95, 19.73) <0.001 0.86 (0.49, 1.24) 

CAS-Non-family 17.23 (9.39, 25.07) <0.001 0.81 (0.38, 1.23) 21.10 (14.79, 27.40) <0.001 1.23 (0.80, 1.65) 

CAS-Peers 11.23 (5.76, 16.70) <0.001 0.75 (0.40, 1.11) 14.16 (9.96, 18.36) <0.001 1.24 (0.84, 1.64) 

CAS-Adults 13.71 (8.15, 19.27) <0.001 0.90 (0.54, 1.26) 15.48 (8.16, 22.80) <0.001 0.78 (0.38, 1.17) 

CAS Total 52.42 (32.84, 72.00) <0.001 0.98 (0.58, 1.38) 69.61 (50.40, 88.82) <0.001 1.33 (0.86, 1.80) 

MOAS 5.42 (2.34, 8.50) <0.001 0.65 (0.22, 1.07) 8.48 (6.02, 10.95) <0.001 1.26 (0.79, 1.74) 

FFSS  -0.04 (-0.20, 0.11) >0.05 -0.10 (-0.34, 0.15) -0.15 (-0.29, -0.02) <0.05 -0.41 (-0.65, -0.16) 

PedsQL -10.24 (-12.87, -7.60) <0.001 -1.42 (-1.84, -1.01) -14.20 (-17.28, -11.12) <0.001 -1.69 (-2.19, -1.20) 

HPL - - - 1.30 (-19.12, 21.72) >0.05 0.02 (-0.47, 0.52) 

Zinc - - - -3.28 (-4.54, -2.03) <0.001 -0.96 (-1.49, -0.43) 

Copper - - - 2.20 (1.15-3.25) <0.001 0.77 (0.40, 1.13) 

Cu:Zn - - - 0.50 (0.36, 0.63) <0.001 1.32 (0.79, 1.84) 
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6.4.3 Primary outcomes  

6.4.3.1 Parent reported reduction in violent and aggressive behaviours 

Significant improvement in aggression and violent behaviours within eight weeks was 

observed for the MOAS (p<0.001) (Figure 6.2, Table 6.9). Further, a significant (p<0.001) 

improvement with large effect size (Cohen’s d=1.26) in aggressive behaviour was observed for 

the MOAS from baseline to endpoint (week 16).  

 

 

Figure 6.2 Mean change of aggression and violence measured using the MOAS at baseline, week 8 and 
week 16 

 

Significant improvement in aggression and violent behaviours within eight weeks was also 

observed for the CAS-P. In addition, significant improvement in parent-reported aggression for 

all subscales (Figure 6.3, Figure 6.4, Table 6.9) as well as total aggression (Figure 6.5, Table 6.9) 

of the CAS-P was observed from baseline to endpoint. Medium to large effect size (Cohen’s d= 

0.72 to 1.43) was also observed for all subscales of the CAS-P except the use of weapons 

subscale (Cohen’s d=0.42) between baseline and endpoint (Table 6.9). At endpoint, 11 (35%) 

participants had reached the ‘normal range’ on the CAS-P and 10 (32%) had ‘mild to moderate’ 

aggression. Ten (32%) participants had ‘very elevated’ aggression at endpoint, compared to 26 

(84%) at baseline.  
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Figure 6.3 Mean change of raw scores of aggressive and violent behaviours measured using the CAS-P 
at baseline, week 8 and week 16 for verbal, physical and initiated aggression, aggression against 
objects/animals and use of weapons. 

 

 

Figure 6.4 Mean change of aggressive and violent behaviours measured using the CAS-P at baseline, 
week 8 and week 16 for aggression against family, non-family peers and adults. 
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Figure 6.5 Mean change of aggressive and violent behaviours measured using the CAS-P at baseline, 
week 8 and week 16 for total aggression 

 

6.4.3.2 Teacher reported reduction in violent and aggressive behaviours 

Teacher response was suboptimal with only two (6.45%) teachers providing completed 

questionnaires at all three time points. Sixteen (51.61%) teachers responded at baseline; 11 

(36.67%) continuing to respond until week eight. Reasons for decreasing questionnaire 

compliance included, teacher leave, change of school and school holidays.  

 

No correlations between behaviour in the school environment or any other outcomes were identified 
from the available teacher data from baseline to week eight (Table 6.10) or from baseline to endpoint 
(week 16) ( 

 

Table 6.11). However, parent-reported aggression scores against non-family members 

(p<0.001, Cohen’s d=1.23) and peers (e.g., those outside the home) measured using the CAS-P 

over 16 weeks were significant with large effect size (p<0.001, Cohen’s d=1.24) suggesting 

improvements in school behaviour (Figure 6.4).  

 

Table 6.10 Teacher reported aggressive and violent behaviour from the MOAS and CAS-T from 
baseline to week 8 for 11 participants 

 P value 95% Confidence Interval T statistic Degrees of 
freedom 

CAS-T 0.3264 203.25, 241.39 1.0276 20 

MOAS-T 0.3163 1.82, 7.90 1.0278 20 
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Table 6.11 Teacher reported aggressive and violent behaviour from the MOAS and CAS-T from 
baseline to week 16 for 2 participants 

 P value 95% Confidence Interval T statistic Degrees of 
freedom 

CAS-T 0.5143 207.8, 296.7 -0.07858 2 

MOAS-T 0.5938 2.07, 22.43 -0.6286 2 

 

Thematically, parent and teacher reports supported behavioural improvements in those who 

were identified as displaying violent and aggressive behaviour at school. For example, parent 

and teacher reports for one participant both stated that, “[He] is much more aggressive off the 

supplements and has been suspended twice this week from school after fighting with other 

children.” Teachers also reported for two other participants, “He has shown a decrease in 

aggressive and violent outbursts, and the severity of reactive aggression” and “aggressive and 

explosive behaviours are not evident this year, they were prevalent earlier.” 

 

6.4.3.3 Follow-up  

Four to six month follow-up data showed that of the 20 (65%) participants that continued 

micronutrient treatment after the trial, seven (35%) had further improvements in their parent 

reported MOAS and CAS-P scores. Nine (45%) participants maintained the behaviour reached 

at week 16, and four (20%) deteriorated on the MOAS and CAS-P showing a decline in MOAS 

and CAS-P scores. Of the four that showed a decline in behaviour, all were taking additional 

supplements or had switched to commercially available formulations. Two participants did not 

continue micronutrients after discharge from the study. Of these, one participant showed a 

decline in behaviour with CAS-P scores returning to moderate aggression after reaching 

normal levels at week 16 from very elevated at baseline. No differences were observed for the 

second participant not continuing. Nine participants were lost to follow-up.  

 

6.4.4 Secondary outcomes 

6.4.4.1 Health-related quality of life (HRQoL) 

Mean baseline PedsQL was 56.73 ± SD 11.9, representing that participants ‘sometimes’ to 

‘almost never’ had problems with their HRQoL. Although participants remained in the 

‘sometimes’ to ‘almost never’ categories at endpoint, micronutrient treatment had a 

significant effect on the PedsQL from baseline to week eight (p<0.001) and from baseline to 

week 16 (p<0.001) with large effect size (Cohen’s d=-1.69) and an endpoint mean score 

increasing to 70.93 ± SD 11.7 (Figure 6.6).  
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Figure 6.6 Mean change of HRQoL with micronutrient intervention measured using the PedsQL at 
baseline, week 8 and week 16 

 

6.4.4.2 Family functioning 

Mean baseline FFSS was 3.85 ± SD 0.62 reflecting that the strengths and capabilities of the 

participant’s families were present ‘sometimes’ to ‘usually’ out of a five-point scale of ‘not at 

all’, ‘a little’, ‘sometimes’, ‘usually’ and ‘almost always’. Micronutrient intervention had a 

significant effect on family functioning (p=0.03) with a mean endpoint FFSS score which 

increased to 4.01 ± SD 0.51, reflecting that families reached the ‘usually’ category. Although a 

small effect size was observed (Cohen’s d=-0.41), it was not expected to see a large effect size 

or improvement in this outcome due to the adequacy of family functioning at baseline. 

 

 

Figure 6.7 Mean change of family functioning with micronutrient intervention measured using the 
FFSS at baseline, week 8 and week 16 
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6.4.5 Biological testing 

To prevent therapy interruption, no washout period was observed prior to biological testing at 

endpoint; therefore, the pathology results may not be true indicators of physiological HPL, zinc 

and copper. 

 

6.4.5.1 Plasma zinc 

In this study trends were observed with participants who identified as being deficient or 

marginally deficient in plasma zinc at baseline (mean = 11.5 ± SD 1.7 µmol/L), towards the 

lower end of the reference range of 9 to 19 µmol/L. Compared to baseline measurements, 

micronutrient supplementation resulted in an expected significant increase in plasma zinc 

(p<0.001) where a mean of 14.8 ± SD 3.16 µmol/L was reached at endpoint, consistent with 

significant behavioural improvements.  

 

6.4.5.2 Plasma copper 

Compared with baseline measurements, micronutrient supplementation resulted in an 

expected significant decrease in plasma concentrations of copper (p<0.001). At baseline, four 

participants had elevated plasma copper (>22 µmol/L), three of which returned to normal 

reference range at week 16. Twenty-five (81%) had a decrease in plasma copper levels from 

baseline to week 16. A decrease in copper levels was expected due to the supplementation 

with zinc.151,152 

 

6.4.5.3 Copper/zinc ratio 

At baseline the mean copper/zinc ratio was 1.64, which decreased to 1.14 at week 16. Twenty-

four (77.42%) participants had an improvement in their copper/zinc ratio after micronutrient 

intervention. 

 

6.4.5.4 Urine HPL 

HPL levels were elevated for all participants at baseline (mean = 56.43 ± 46.40 µg/dL). No 

significant (p=0.90) differences were found between pre- and post-intervention urinary HPL, 

with endpoint HPL levels ranging from 4 µg/dL to 152.9 µg/dL. A significant change in HPL level 

was expected to be observed in a 16 week period; however, only 11 (35%) participants had 

reached ‘normal’ aggression levels at endpoint (16 weeks) as defined by the CAS-P. HPL levels 

were not available for those participants who continued to improve in their behaviour at six 

and 12 months. Further, zinc supplementation can result in elevated free copper levels due to 

the dynamic competition and homeostasis between these metals in the body, resulting in 
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increased HPL.130,151 Participants had not ceased the intervention at endpoint, thus elevated 

HPL due to copper excretion was observed.  

 

6.4.6 Safety, tolerability and compliance 

No serious adverse events occurred and all reported adverse effects (n=4) were mild and 

transient. No participants experienced moderate or severe adverse effects and no participants 

withdrew due to a study related adverse event. Four participants reported nausea from their 

morning dose which was alleviated by reminding the affected participants to take the 

micronutrients with food or to delay their morning dose until a meal had been consumed later 

in the day. 

 

A decline in behaviour was reported for four participants throughout the study but it was 

unclear if this was related to the intervention. All four experienced extenuating personal 

stressors or tragedy during the study which may have impacted upon behaviour. 

 

Twenty-four participants (77.42%) were compliant with therapy, adhering to greater than 80% 

of their doses. Twenty-eight parents and caregivers provided 37 responses as to why doses 

were missed (Table 6.12). Although efforts in the form of dose administration/compliance 

charts (Appendix 8 and Appendix 9) were provided to aid adherence, ‘forgetting to administer’ 

the intervention to the child attributed to 24 (65%) of missed doses.  

 

Table 6.12 Reasons for non-compliance to the study intervention 

Reason for missed dose(s) Number of responses 

Refusal 7 

Forgot 24 

Illness 6 

 

6.5 Discussion 

Micronutrient therapy has been evaluated in many clinical studies; however, few studies have 

focussed on violent and aggressive behavioural outcomes. Those studies that do include 

violent and aggressive children and adolescents are case reports188 or case series reports187 

including the co-administration of prescription medicines including antipsychotics, 

psychostimulants and antidepressants. Individualised micronutrient dosing through 

biochemical profiling is emerging as a novel method to manage behavioural disorders.10,110  

 

Perhaps due to its personalised prescribing, rigorous evidence in the form of RCTs to support 

efficacy and safety is lacking. This pilot open-label trial is the first, to our knowledge, that has 
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investigated the use of vitamin C, vitamin B6, vitamin E, biotin, chromium, selenium and zinc as 

a combination of micronutrients for use in violent and aggressive behaviours in male children 

and adolescents. This trial provides preliminary data suggesting that compounded 

micronutrient therapy may be safe and effective in improving violent and aggressive 

behaviours, HRQoL and family functioning in males aged four to 14. Notably, improvements in 

aggressive and violent behaviours and HRQoL were seen as early as eight weeks with 

significant findings across all domains of the CAS-P, MOAS and PedsQL. Significant 

improvements across all outcome measures from pre- to post-intervention were observed 

over 16 weeks. As measured using the CAS-P, the use of micronutrient therapy significantly 

improved verbal aggression, aggression against objects/animals, physical aggression, initiated 

aggression, aggression against family and non-family members, and aggression against peers 

and adults with an overall large effect size. The micronutrient intervention also improved 

provoked aggression and aggression related to the use of weapons; however this was less 

remarkable perhaps due to study sample having a young mean age (8.35 ± SD 2.93 years) and 

reduced ability to acquire weapons compared to older counterparts. Scores measured using 

the MOAS also displayed an improvement in overt aggressive behaviours.  

 

Individuals with developmentally inappropriate negativistic, aggressive and violent behaviours 

often have considerable impairments in social, family and academic functioning,23,42 resulting 

in a decrease in their HRQoL and placing burden on their families.23,42 In this study, significant 

improvements in HRQoL and family functioning were observed. Although the effect size was 

small to medium for family functioning, it was efficient at baseline; therefore an improvement 

was not expected after the intervention. 

 

As the intervention showed promising results, one of the most notable observations was the 

enthusiasm of guardians to continue therapy. Upon completion of the study, families had to 

fund continuing therapy, consultations and pathology. The majority (n=20, 65%) of participants 

continued the micronutrient intervention with 16 (80%) maintaining or having further 

improvements at four to six month follow-up.  

 

It is known that childhood aggression is highly situational and the ability to analyse aggression 

in different contexts (e.g. home, school, siblings and peers) is useful.202 Teachers of the 

participants were approached by both the research team and guardians for participation; 

however the data collected was not substantial for analysis. Reasons for the lack of teacher 

questionnaire compliance included workplace leave, school holidays, and/or teachers changing 
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employment sites. Nonetheless, results in parent reported behaviour at school and thematic 

analysis of parent and teacher commentary suggest improvement in behaviour.  

 

Urinary HPL has recently emerged as a legitimate biomarker of oxidative stress in 

schizophrenia and schizoaffective psychosis.151 It is thought to arise as an abnormal product of 

haem metabolism under conditions of extreme oxidative stress.151 Elevated HPL has also been 

associated with a deficiency of other micronutrients including vitamin B6, P5P and zinc. 

Findings of this study showed that participants had elevated HPL at baseline which supported 

reports that explosive anger, aggression and violence may be associated with elevated urine 

HPL.7,10,151 Human studies that evaluate the impact of antioxidant or micronutrient 

intervention on urinary HPL are lacking therefore, further investigation is required to 

determine if HPL can normalise following micronutrient intervention. Micronutrients have an 

essential role in oxidant and antioxidant mechanisms in the body. Imbalances may result in 

susceptibility to oxidative damage of important cellular components which may contribute to 

violent and aggressive behaviours.10,130  

 

A study conducted by Walsh et al7 in 1997 reported a mean serum copper to plasma zinc ratio 

of 1.4 for assaultive young males aged three to 20 compared to normal behaviour controls of 

1.02. We observed at baseline that participants had a mean elevated plasma copper/zinc ratio 

of 1.64 which decreased to 1.14 at week 16. 

 

6.5.1 Limitations of the study 

Limitations of this study include the absence of a double-blind placebo-controlled design, 

inclusion of only male participants and sparse data from school teachers. While no serious 

adverse effects were observed, the short duration of the study did not allow for assessment of 

long term safety.   

 

6.5.2 Future directions 

Further research in the form of a double-blinded, randomised controlled trial of sufficient size 

and extended duration is required to verify the initial positive observations of this study, and 

to further clarify whether baseline urinary HPL, plasma zinc and copper have potential as 

biomarkers for diagnostic purposes and to predict treatment responders. While this 

combination of micronutrients was effective in reducing violent and aggressive behaviours, 

future trials are needed to determine if a more efficient combination of micronutrients will 

result in the same behavioural change. A feasibility analysis of this open-label study is 
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recommended to confirm if it is appropriate to conduct a larger-scale study of micronutrient 

intervention in violent and aggressive male children and adolescents. 

 

6.6 Conclusion 

This is the one of the first studies to evaluate a uniform treatment protocol of individualised 

micronutrient therapy for violent and aggressive male youth in a clinical trial using valid and 

reliable psychometric instruments. Results from this open-label pilot study indicated that 

micronutrient therapy was well tolerated, with a favourable side effect profile. Micronutrient 

therapy also appeared effective in the reduction of aggressive and violent behaviours, with 

improvement of HRQoL and family functioning in male youth after 16 weeks, with significant 

improvements seen as early as eight weeks.  
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Chapter 7. Feasibility study 

 

7.1 Background and significance  

A feasibility analysis is performed to evaluate certain aspects of a research project or study 

before progressing to a large-scale RCT.288 Individual components of the study are evaluated to 

ensure that they are cohesive and that recruitment processes through to follow-up are 

conducted efficiently.288,289 The analysis is used to identify and address ineffective or 

incompetent processes, so that they can be resolved before proceeding to a larger study.290  

 

An open-label study of micronutrient intervention in violent and aggressive male children and 

adolescents in Chapter 6 demonstrated promising preliminary results for safety, efficacy, 

impact on HRQoL and family functioning. In this chapter, the open-label study from Chapter 6 

will be subject to feasibility analysis to determine suitability for a future RCT.  

 

7.2 Aims and objectives  

Aim: To conduct a feasibility analysis on an open-label trial of micronutrient therapy in violent 

and aggressive male children and adolescents. 

Objectives: To determine if a RCT of micronutrient therapy in violent and aggressive male 

youth is achievable through a feasibility analysis of an open-label trial, using a mixed methods 

approach including an evaluation of the integrity of the study protocol, standard operating 

procedures, facilities, participant management, data management, outcome measures, the 

intervention, respondent feedback and pharmacoeconomics. 

 

7.3 Methods 

Feasibility of the open-label study was analysed using a mixed methods approach which 

consisted of qualitative thematic analysis and quantitative measures. The parent reported exit 

questionnaire from the open-label study was used as the primary outcome measure. One 

caregiver for each participant was required to complete the exit questionnaire at visit four 

(week 16) of the open-label study. Stata® version 14.1 was used for statistical analysis to 

calculate proportions and their estimated 95% confidence intervals.193 Clinicians and all project 

staff regularly discussed study procedures and provided feedback. Any ineffective or 

incompetent procedures were documented and acted upon immediately. 
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The following domains were subjected to feasibility analysis: 

 Evaluation of the standard operating procedures and integrity of the study protocol 

including clinic facilities and external services (e.g., pathology, extemporaneous 

compounding)  

 Evaluation of data collection, storage and retrieval capabilities 

 The rate of participant recruitment, retention, consent and completion 

 Respondent opinion of primary and secondary outcome measures including the CAS, 

MOAS, PedsQL and the FFSS 

 Parent reported evaluation of efficacy, safety, acceptability and tolerability of the 

micronutrient therapy intervention     

 The efficacy, safety, acceptability and tolerability of the micronutrient intervention    

 Estimates for sample size calculation required for a larger scale study 

 

7.4 Results 

7.4.1 Integrity of the study protocol, standard operating procedures, clinic 

facilities and external services 

The study protocol and standard operating procedures were efficient and effective throughout 

the study. 

 

7.4.1.1 Clinic facilities 

Visits took place at a single site at Mudgeeraba, QLD. The site was a medical facility that 

specialised in general practice. It had four clinic rooms, two procedure rooms, practice nurses 

and reception staff. One study doctor was assigned to the project. All clinic rooms and doctors 

services were provided free of charge. A practice nurse was employed to assist at a paid rate 

($37.50AUD per hour); however, was rarely available due to illness, staffing and workload 

issues in addition to the study requirements. The duties were covered by the research team.  

 

As determined by using the exit questionnaire, caregivers had mixed responses about the 

convenience of the study site (Table 7.1). This was expected due to the vast locations 

participants travelled from (one family travelled over 6 800 kilometres to participate). Twelve 

out of the 31 (39%) caregivers found the location to be “convenient” to “very convenient”, and 

nine (29%) found the location to be “inconvenient” or “very inconvenient”.  

 

Participant bookings were arranged through the research team. Admissions to the study 

occurred in six groups with staggered start times (Table 7.2). This was to reduce burden on the 
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clinician, laboratories and supply of the intervention from the compounding pharmacy. The 

use of staggered groups also enabled flexible commencement times for families who needed 

to travel or had personal/work/education commitments. Screening appointments were flexible 

and ran from March 2015 through to September 2015. Once admitted and consented to the 

study, caregivers were allocated two options for study appointments at baseline, midpoint and 

endpoint with times between 8.45 am to 2.45 pm. Just over half (52%) of the caregivers 

reported that the options for available appointment bookings were “convenient” or “very 

convenient”. The appointment length was considered suitable as 94% reported that the 30 

minute consultations were “convenient” to “very convenient”.   

 

Table 7.1 Caregiver responses to appointments at the study clinic presented as proportions 

 

 

 

 

 

 

 

 

 Proportion Standard 
Error 

95% 
Confidence 
Interval 

“Appointment LOCATION throughout the Bio-VAM 
Study was:” 

   

Very convenient 0.23 0.08 0.11, 0.42 

Convenient 0.16 0.07 0.07, 0.35 

Neither convenient or inconvenient 0.32 0.09 0.18, 0.51 

Inconvenient 0.19 0.07 0.09, 0.38 

Very inconvenient 0.10 0.05 0.03, 0.27 

“Appointment AVAILABILITY throughout the Bio-
VAM Study was:” 

   

Very convenient 0.13 0.06 0.05, 0.31 

Convenient 0.39 0.09 0.23, 0.58 

Neither convenient or inconvenient 0.39 0.09 0.23, 0.58 

Inconvenient 0.10 0.05 0.03, 0.27 

Very inconvenient 0.00 - - 

“Appointment LENGTH throughout the Bio-VAM 
Study was:” 

   

Very convenient 0.23 0.08 0.52, 0.85 

Convenient 0.71 0.08 0.52, 0.85 

Neither convenient or inconvenient 0.00 - - 

Inconvenient 0.06 0.04 0.01, 0.24 

Very inconvenient 0.00 - - 
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Table 7.2 Consultation dates for the open-label study 

 Visit 1 
(Screening) 

Visit 2 (Baseline) Visit 3 (Week 
8/midpoint) 

Visit 4 (week 
16/endpoint) 

Group A 25/03/2015 27/04/2015 26/06/2015 21/08/2015 

Group B 29/05/2015 15/06/2015 10/08/2015 09/10/2015 

Group C 26/06/2015, 
29/06/2015 

13/06/2015, 
20/06/2015 

31/08/2015, 
07/09/2015 

13/11/2015 

Group D 14/07/2015, 
07/08/2015, 
10/08/2015 

21/08/2015 13/10/2015, 
16/10/2015 

11/12/2015 

Group E 07/09/2015 18/09/2015 10/11/2015 08/01/2015 

Group F 14/09/2015 09/10/2015 04/12/2015 28/01/2016 

  

7.4.1.2 Compounding pharmacy 

The compounding pharmacy was located in Tugun approximately 18 kilometres south of the 

study site. Standard operating procedures provided to the compounding pharmacy and 

adequate communication resulted in a streamlined provision of the intervention for the study. 

Quality assurance reviews were adequately met such as packing statistics and spot checking by 

the research team. The intervention was provided free of charge by the compounding 

pharmacy. To minimise costs, the research team collected the capsules from the pharmacy for 

delivery to participants at the clinic, however the timing was often inconvenient, therefore a 

courier would be useful for future studies. 

 

7.4.1.3 Pathology 

Pathology request forms for Sullivan and Nicolaides Pathology were provided for baseline and 

endpoint blood tests. Sullivan and Nicolaides Pathology operate approximately 350 collection 

centres throughout QLD and northern NSW.291 A collection centre was available at the study 

clinic. For interstate participants, samples could be taken at Douglass Hanly Moir Pathology. All 

blood samples were analysed by Sullivan and Nicolaides Pathology Clinical Trials at Taringa, 

QLD. All caregivers were requested to complete the blood test at their earliest convenience as 

analysis took at least seven days. Twenty-four (77%) caregivers found the locations of the 

pathology services “convenient” to “very convenient” (Table 7.3). Those caregivers and 

participants who were apprehensive about the blood test procedure were referred to the 

South Brisbane Mater Hospital Collection Centre who specialised in paediatric phlebotomy. 

 

Urine samples were collected at the study site at the screening and week 16 appointments. 

Urine was collected in specimen jars containing powdered ascorbic acid with minimal exposure 

to light, wrapped in aluminium foil, placed inside foil vaccine bags and immediately transferred 

to a freezer. Applied Analytical Laboratories transported the samples on dry ice to their 
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laboratory in Meadowbrook for analysis. Alternatively, samples could be provided at the 

laboratory. Parent reported feedback for the location of urine tests showed that 22 (71%) 

caregivers found the on-site collection of urine “convenient” to “very convenient”. 

Interestingly, compared to the location of the blood tests, five (16%) caregivers found the 

location “inconvenient” to “very inconvenient” (Table 7.3). This was unexpected as participants 

were aware they were required to provide urine samples on-site; however, the bathroom 

facilities were in a co-located facility which required the participants to walk to a separate 

location. In addition, the unstable nature of the compound required strict collection method 

(e.g., urinating into a specimen jar and quickly transferring into a light sensitive bag) which 

may have inconvenienced the caregiver and participant. 

 

Table 7.3 Caregiver responses to pathology collection locations presented as proportions  

 

7.4.2 Participant management 

7.4.2.1 Recruitment sample 

The majority of participants (65%; n=20) resided in metropolitan regions and attended public 

schools (84%; n=26). A number of reasons may be suggested for this distribution, namely: the 

study was conducted at a single-site, in a metropolitan area; there was no compensation for 

travel costs; participants and their guardians were required to attend the clinic four times in 

person throughout the study; single-parent and blended families, especially those with shared 

custody, found participation logistically and financially challenging; the study was unable to 

access potential participants in the Youth Justice System due to time constraints and lengthy 

approval processes; and advertising to public education facilities was predominately successful 

via the streamlined approval process. 

 Proportion Standard 
Error 

95% 
Confidence 
Interval 

“LOCATION for BLOOD TESTS throughout the Bio-
VAM Study was:” 

   

Very convenient 0.42 0.09 0.25, 0.61 

Convenient 0.35 0.09 0.20, 0.55 

Neither convenient or inconvenient 0.19 0.07 0.09, 0.38 

Inconvenient 0.03 0.03 0.00, 0.22 

Very inconvenient 0.00 - - 

“LOCATION for URINE TESTS throughout the Bio-
VAM Study was:”  

   

Very convenient 0.42 0.09 0.25, 0.61 

Convenient 0.29 0.08 0.15, 0.48 

Neither convenient or inconvenient 0.13 0.61 0.05, 0.31 

Inconvenient 0.13 0.61 0.05, 0.31 

Very inconvenient 0.03 0.03 0.00, 0.22 
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Table 7.4 Proportion of the study population residing in metropolitan or non-metropolitan regions 
and attending private or public schools. 

 Proportion Standard Error 95% Confidence 
Interval 

Metropolitan  0.65 0.09 0.45, 0.80 

Non-metropolitan 0.35 0.09 0.20, 0.55 

Private 0.16 0.07 0.07, 0.35 

Public/state 0.84 0.07 0.65, 0.93 

 

7.4.2.2 Eligibility and screening  

Eligibility was calculated using Equation 3 and Equation 4.292 Out of 112 expressions of interest, 

only 29% (n=32) of these met inclusion criteria and were eligible for participation in the study 

(Figure 6.1).  Once preliminarily screened, 51 were excluded. Sixty-one progressed to further 

screening and of these 52% (n=32) met inclusion criteria and were eligible for participation in 

the study. The low eligibility rate from advertising (pre-screening) (29%) compared to those 

eligible after screening (52%), highlighted the importance of adequate screening processes. 

 

Equation 3 Calculation of eligibility rate of participants from advertising 

𝐸𝑙𝑖𝑔𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑓𝑟𝑜𝑚 𝑎𝑑𝑣𝑒𝑟𝑡𝑖𝑠𝑖𝑛𝑔 (%) =  
𝐸𝑙𝑖𝑔𝑖𝑏𝑙𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠

𝐸𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛𝑠 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡
 

 

Equation 4 Calculation of eligibility rate of participants after screening 

𝐸𝑙𝑖𝑔𝑖𝑏𝑖𝑙𝑖𝑡𝑦 𝑎𝑓𝑡𝑒𝑟 𝑝𝑟𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑟𝑦 𝑠𝑐𝑟𝑒𝑒𝑛𝑖𝑛𝑔 (%) =  
𝐸𝑙𝑖𝑔𝑖𝑏𝑙𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠

𝑆𝑐𝑟𝑒𝑒𝑛𝑒𝑑 𝑝𝑒𝑟𝑠𝑜𝑛𝑛𝑒𝑙
 

 

7.4.2.3 Admission and consent 

Admission rate was calculated using Equation 5. Out of the 32 personnel who met inclusion 

criteria, all (100%; n=32) consented to participate in the study. The 100% admission rate for 

the study suggested that the screening appointment was adequate and explanation of the 

study to participants and their guardians appeared clear and understood with all providing 

consent (Appendix 6). 

 

Equation 5 Calculation of admission rate of participants to the study  

𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 (%) =  
𝐶𝑜𝑛𝑠𝑒𝑛𝑡𝑖𝑛𝑔 𝑝𝑒𝑟𝑠𝑜𝑛𝑛𝑒𝑙

𝑃𝑒𝑟𝑠𝑜𝑛𝑛𝑒𝑙 𝑚𝑒𝑒𝑡𝑖𝑛𝑔 𝑖𝑛𝑐𝑙𝑢𝑠𝑖𝑜𝑛 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎
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7.4.2.4 Retention and dropout rate 

Retention rate was calculated using Equation 6. Of the 32 participants admitted to the study, 

31 completed the study, resulting in a retention rate of 97%. Dropout was calculated using 

Equation 7. Of the 32 participants who were admitted to the study, 3% (n=1) did not complete 

the study. This was an excellent retention rate as it is generally expected to plan for a 30% or 

higher dropout rate when designing a study.293 The one participant who did not complete the 

study dropped out because of family relocation. Therefore, it can be inferred that study 

procedures and design were adequate to keep participants enrolled. In addition, the 97% 

retention rate also reflects a favourable efficacy and safety profile of the intervention. 

 

Equation 6 Calculation of retention rate of participants in the study 

𝑅𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 (%) =  
𝐼𝑛𝑐𝑙𝑢𝑑𝑒𝑑 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠

𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑡𝑢𝑑𝑦
 

 

Equation 7 Calculation of dropout rate of participants from the study  

𝐷𝑟𝑜𝑝𝑜𝑢𝑡 (%) =  
𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠 𝑛𝑜𝑡 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑡𝑢𝑑𝑦

𝑃𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡𝑠 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑠𝑡𝑢𝑑𝑦
 

 

Table 7.5 presents the proportions and estimated 95% confidence intervals for eligibility, 

admission, retention and dropout rates (7.4.2.2 to 7.4.2.4). 

  

Table 7.5 Proportions for eligibility, admission, retention and dropout rates for the open-label study  

 

7.4.3 Data management 

Data collection for parent-reported CAS, MOAS, FFSS and PedsQL was completed for all 

participants at baseline, week eight and week 16. Out of the 31 participants, 71% (n=22) had 

complete CAS, MOAS, FFSS and PedsQL at follow-up. All participants provided blood and urine 

samples at baseline and week 16. Weight and height was completed for all participants at 

baseline. Weight data was missing for five participants and height data were missing for three 

participants at week eight due equipment problems at the clinic. Parents of those who were 

 Proportion Standard Error 95% Confidence 
Interval 

Eligibility from 
advertising 

0.29 0.04 0.21, 0.38 

Eligibility after 
preliminary screening 

0.52 0.06 0.40, 0.65 

Admission 1.00 0 - 

Retention 0.97 0.03 0.79, 1.00 

Dropout 0.03 0.31 0.00, 0.21 
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missing height and/or weight data were requested to provide home-measurements; however, 

there were difficulties in obtaining the data.     

 

Protocol review by the research team revealed that there were difficulties accessing 

participant clinic notes on MedicalDirector® software due to lack of available computers as 

they were booked for use by clinicians and clinic staff. Approval for remote access or use “after 

hours” is a potential solution to overcome this issue. The storage, retrieval and analysis of all 

study related data was timely and easily accessed using the secure folder on the Griffith 

University network. 

 

7.4.4 Outcome measures 

Due to a lack of appropriate instruments to measure violent and aggressive behaviour in 

children and adolescents, a review of psychometrically valid and reliable behaviour rating 

instruments was conducted (Chapter 5). From this, the CAS and MOAS were selected based on 

psychometric properties and the ability to measure the frequency and severity of violent and 

aggressive behaviours. Multiple psychometrically sound outcome measures for family 

functioning and HRQoL were available. The Family Functioning Style Scale283,294,295 and the 

PedsQL281,282,296 were selected based on adequate psychometric properties and suitability for 

the study population. 

 

7.4.4.1 Respondent feedback  

All caregivers (n=31) completed the exit questionnaire. Six questions pertained to data 

collection and outcome measures (Table 7.6). From these questions it was understood that the 

CAS, MOAS, FFSS and PedsQL were ‘easy’ and ‘convenient’ to access and answer. However, it 

was requested by respondents that more explanation of questionnaires be provided. In 

addition, respondents also requested to have more answer options available e.g., in the CAS 

when asked about the use of weapons; ‘knives’ or ‘guns’ were not used due to age, yet the 

child used accessible household items such as toys and brooms in place of a weapon. A gap in 

appropriate instruments was further highlighted. Translation into layman terms or improved 

explanation of questions could be considered for future studies depending on copyright 

allowances of the validated instruments. 

 

The dose administration charts (Appendix 8 and Appendix 9) used for recording compliance 

were found to be simple and easy to use. Future studies should explore the use of an 

electronic version in the form of smart phone applications or online diaries/alarms/reminders 
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to further improve simplicity and convenience as one caregiver (3%) found this instrument to 

be “not very” convenient to use.   

 

Response burden is often defined as the effort required by the patient to answer a 

questionnaire.297 Questionnaire length and time associated with completion is thought to 

affect response burden, which may result in a decreased response rate.297 Notably, respondent 

burden appeared to have less positive feedback compared to the other four questions. One 

(3%) caregiver reported that the amount of questionnaires was “not very appropriate” and two 

(6%) caregivers were neutral regarding the time required for questionnaires. Although there 

was a 100% (n=31) response rate to questionnaires from baseline to week 16, there was only a 

71% (n=22) response rate to follow-up questionnaires.  

 

Table 7.6 Caregiver/respondent opinions of the instruments used in the open-label study  

 Proportion Standard 
Error 

95% 
Confidence 
Interval 

“Questionnaires were easy and convenient to 
ACCESS” 

   

Very  0.87 0.61 0.69, 0.95 

Somewhat 0.13 0.06 0.05, 0.31 

Neutral 0.00 - - 

Not very 0.00 - - 

Not at all 0.00 - - 

“Questionnaires were easy and convenient to 
ANSWER” 

   

Very  0.65 0.09 0.45, 0.80 

Somewhat 0.35 0.09 0.20, 0.55 

Neutral 0.00 - - 

Not very 0.00 - - 

Not at all 0.00 - - 

“The AMOUNT of questionnaires to complete were 
appropriate” 

   

Very  0.52 0.10 0.34, 0.69 

Somewhat 0.42 0.10 0.25, 0.61 

Neutral 0.03 0.03 0.00, 0.22 

Not very 0.03 0.03 0.00, 0.22 

Not at all 0.00 - - 

“The TIME taken to complete questionnaires was 
appropriate” 

   

Very  0.55 0.09 0.36, 0.72 

Somewhat 0.39 0.09 0.23, 0.58 

Neutral 0.06 0.04 0.01, 0.24 

Not very 0.00 - - 

Not at all 0.00 - - 
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7.4.4.2 Teacher participation 

Teachers have frequent contact with the participants in a learning environment. They monitor 

their development, learning, behaviour and interaction with peers outside of the home 

environment and may provide valuable behavioural observations.202 Only two (6.5%) teachers 

provided completed questionnaires at baseline, week eight and week 16. Sixteen (51.6%) 

teachers responded at baseline; 11 (36.7%) continuing to respond until week eight (Appendix 

7). Reasons for decreasing questionnaire compliance included teacher leave, change of school, 

and school holidays. Careful timing that takes into account school semesters and holidays may 

provide a solution to retaining teachers in future studies. 

 

7.4.5 Intervention 

7.4.5.1 Formulation 

Fourteen (45%) participants found the taste and/or smell of the micronutrients bothersome 

(Table 7.7). Interestingly, 11 of the 14 who were adverse to the taste and/or smell opened the 

capsules to disperse the powder while the other three participants swallowed the capsules 

whole. Caregivers and participants were verbally instructed to disperse capsules into pure 

maple syrup or juice if they could not be swallowed whole. Despite this, vehicles for capsule 

content delivery used by guardians included juice, sugar-free cordial, mineral water, water, 

honey, Vegemite, Nutella and maple syrup. There appeared to be confusion about the 

appropriate vehicles that could be used for dispersing capsule contents, therefore a written list 

of appropriate delivery vehicles is encouraged for future studies to assist caregivers with 

appropriate options. Another option for future trials is to have vanillin298 powder added to the 

bottle of capsules assist with odour and/or taste.  

 

 

 

“The BIOVAM CHART was simple and easy to use”    

Very  0.90 0.05 0.73, 0.97 

Somewhat 0.06 0.04 0.01, 0.24 

Neutral 0.03 0.03 0.00, 0.22 

Not very 0.00  -- 

Not at all 0.00 - - 

“The BIOVAM CHART was convenient to use”    

Very  0.71 0.03 0.00, 0.22 

Somewhat 0.26 0.08 0.13, 0.45 

Neutral 0.00 - - 

Not very 0.03 0.03 0.00, 0.22 

Not at all 0.00 - - 
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Table 7.7 Proportion of participants that did or did not have issues with taste or smell of the 
intervention 

 

7.4.5.2 Dosing schedule 

Over half (52%) of caregivers reported that the twice daily dosing schedule was ‘very 

convenient’. Twenty-four participants (77%) were compliant with the intervention, adhering to 

more than 80% of their doses. “Forgetting to administer” the intervention was the most 

common reason (n=24; 65%) for missed doses.  

 

Table 7.8 Caregiver reported opinions for the convenience of dose schedule 

 

7.4.5.3 Efficacy 

As reported in Chapter 6, the preliminary findings of the open-label study appeared favourable 

towards efficacy shown through primary and secondary outcome measures.  

Four to six month follow-up data showed that 20 (65%) participants continued micronutrient 

treatment after the trial, which demonstrated parent confidence in the intervention, as the 

intervention cost on average $60AUD per month. 

 

Mixed responses for parent-reported opinions about the efficacy of biochemical therapy were 

determined from the exit questionnaire (Table 7.9). Eleven (35%) parents reported they were 

‘very satisfied’ with the response and a further 14 (45%) were ‘somewhat satisfied’. Six 

remained ‘neutral’ and none were unsatisfied with their child’s response. This was further 

emphasised with parent commentary. Comments and feedback left by eight parents are 

below: 

“The explosive anger completely settled but immediately emerged with missed doses.” 

“Overall I saw improvements.” 

“Did your child have any issues with the taste/smell 
of the micronutrients?” 

Proportion Standard 
Error 

95% 
Confidence 
Interval 

No  0.55 0.09 0.36, 0.72 

Yes 0.45 0.09 0.28, 0.64 

“How convenient was the dosing schedule e.g., 
morning and evening doses?” 

Proportion Standard 
Error 

95% 
Confidence 
Interval 

Very  0.52 0.09 0.33, 0.69 

Somewhat 0.32 0.09 0.18, 0.51 

Neutral 0.13 0.06 0.05, 0.31 

Not very 0.03 0.03 0.00, 0.22 

Not at all 0.00 - - 
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“I really think they worked. He is more co-operative and manages his emotions more.” 

“He has more impulse control and is less aggressive.” 

“We think that it has made some difference to behaviour outbursts and finding it a bit 

easier to get him to go to sleep at night.” 

“For the first eight or nine weeks I saw no improvement… then his behaviour improved 

dramatically into an almost model child.”  

"He seems to have improved slightly, but not much.”  

 
Table 7.9 Caregiver reported satisfaction of the intervention presented as proportions  

 

7.4.5.4 Safety 

Guardians were counselled to monitor for gastrointestinal side effects, particularly nausea, and 

signs of declining behaviour. No severe issues with safety emerged during the study. No 

participants withdrew due to adverse reactions. Continued counselling on the prevention of 

micronutrient-related nausea through administering with food is essential as it is a well-

documented and common adverse effect associated with zinc, vitamin E, selenium, biotin and 

vitamin C (see 4.4.9) Monitoring for relapse or declining behaviour is also recommended.  

 

7.4.6 Caregiver education 

Research has shown that health outcomes are improved with better understanding and 

education of the condition.299 Educating caregivers (and participants) about the condition may 

influence treatment success.299 Although participant information resources, research team and 

doctor consultation was provided, seven (23%) caregivers reported that they still did not 

understand their child’s condition “very well” or “not at all”. However, 26 (84%) caregivers 

understood the role of the micronutrient intervention. The responses emphasised the complex 

nature of the condition and knowledge gaps surrounding biochemical mechanisms. Further 

research into the mechanisms of how oxidative stress and HPL affects behaviour at a 

biochemical level is required for clinicians to better understand the pathophysiology and to 

enable the subsequent provision of educational material to caregivers. 

 

“How satisfied are you with your child's response to 
micronutrient therapy?” 

Proportion Standard 
Error 

95% 
Confidence 
Interval 

Very  0.35 0.09 0.20, 0.55 

Somewhat 0.45 0.09 0.28, 0.64 

Neutral 0.19 0.07 0.09, 0.38 

Not very 0.00 - - 

Not at all 0.00 - - 
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Table 7.10 Caregiver reported understanding of biochemical conditions and role of micronutrients 
presented as proportions 

 

7.4.7 Pharmacoeconomic evaluation 

7.4.7.1 Participant cost analysis 

The study was funded for blood pathology. All other services were provided gratis. All study 

consultations, pathology (urine and blood) and micronutrient therapy were provided to 

participants free of charge. Despite this, 13 (42%) guardians expressed that participation in the 

study was personally “expensive” to “very expensive” (Table 7.11).  

 

Table 7.11 Caregiver reported opinions of costs associated with their child participating in the study 

 

Future studies need to take into account all participant-related cost considerations as these 

may negatively influence participation numbers (Table 7.12). Although the study was funded 

for direct medical costs, there was no compensation available for direct non-medical costs, 

indirect costs, intangible costs and opportunity costs.  

 Proportion Standard 
Error 

95% 
Confidence 
Interval 

“How well do you understand your child's 
biochemical condition after participating in the 
BioVAM study?” 

   

Very  0.32 0.09 0.18, 0.51 

Somewhat 0.32 0.09 0.18, 0.51 

Neutral 0.13 0.06 0.05, 0.31 

Not very 0.20 0.07 0.09, 0.38 

Not at all 0.03 0.03 0.00, 0.22 

“How well do you understand the role of the 
supplements prescribed for your child's biochemical 
condition after participating in the BioVAM study?” 

   

Very  0.32 0.09 0.18, 0.51 

Somewhat 0.52 0.09 0.34, 0.69 

Neutral 0.03 0.03 0.00, 0.22 

Not very 0.13 0.06 0.05, 0.31 

Not at all 0.00 - - 

 Proportion Standard 
Error 

95% 
Confidence 
Interval 

“Personal COSTS associated with participating in 
the study were” 

   

Very inexpensive 0.00 - - 

Inexpensive 0.13 0.06 0.05, 0.31 

Neither 0.45 0.09 0.28, 0.64 

Expensive 0.26 0.08 0.13, 0.45 

Very expensive 0.16 0.07 0.07, 0.35 
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Table 7.12 Future cost considerations 

Cost Category300 Examples300 

Direct medical costs Specialist/doctor consultation 
Pathology tests (urine and blood) 
Intervention (micronutrient therapy) 

Direct non-medical costs Transportation  
Family care 
Accommodation  

Indirect costs Lost wages 
Lost education (missed school) 

Intangible costs Inconvenience  

Opportunity costs Miss opportunities while participating  

 

7.4.7.2 Cost-effectiveness 

Table 7.13 presents the estimated health care costs for the open-label study. The average cost 

per person, and total cost for all consultations, pathology, intervention staff and services 

provided gratis have been included. For preliminary assessment of cost effectiveness, a 

reduction in CAS score from baseline to week 16 was considered a positive outcome. Twenty-

seven (87%) participants had positive outcome i.e., a reduction in their CAS scores.  

From the study data, it was calculated that it could cost approximately $4 211AUD for a 

participant to have an 87% chance of a positive outcome within 16 weeks. Larger scale studies 

should undertake pharmacoeconomic evaluation which takes into consideration health care 

costs and comparison to existing therapies.  

 

Table 7.13 Estimated health care costs for the open-label study 

Health care costs Average cost per 
person 

Total cost 

Doctor consultations  $600  $18 600 

Nurse wages $74 $2 300 

Pathology $300  $9 280 

Intervention  $335  $10 385 

Research staff (PhD candidate) $2 903 $90 000 

Total $4 211 $130 565 

 

7.4.7.3 Caregiver costing opinions and participation in future studies  

A series of hypothetical questions were proposed in the exit questionnaire pertaining to 

payment for participation (Table 7.14). As expected, the majority of caregivers were not willing 

to pay for consultations and pathology, although 24 (84%) were willing to pay $40AUD per 

month for micronutrient therapy. As anticipated, caregivers were divided when asked if they 

would have their child participate if there was a possibility they may have received a placebo 

or a control; however, more than half (58%) responded positively.  
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Table 7.14 Parent reported hypothetical opinions associated with costs for participation in the study   

 

7.4.8 Sample size for a future RCT 

Based on the sample size calculated for open-label study (6.3.1) and the excellent retention 

rate (7.4.2.4), an assumption of a 20% drop-out rate may be appropriate. Therefore, to detect 

a statistically significant difference between repeated measures, pre- and post-intervention, 

with 90% power and a type I error value of 0.05, 60 participants (30 in the intervention arm 

and 30 in the controlled arm) are required to complete the study using the same efficacy 

outcome tools. Assuming a 20% drop out, 72 participants will need to be recruited.  

 

7.5 Discussion 

This study has demonstrated that a micronutrient therapy intervention in male children and 

adolescents with violent and aggressive behaviour is feasible to improve behaviours, family 

functioning and HRQoL. Overall, the open-label trial ran efficiently and effectively to support 

the 31 participants.  

 

The study protocol and standard operating procedures appeared clear and logical and were 

well-received by all staff involved in the project. External services provided by the 

compounding pharmacy and pathology services were excellent. Caregiver reported data from 

 Proportion Standard 
Error 

95% 
Confidence 
Interval 

“If consultations were at my own expense of $300 
per visit, I would still have my child participate in 
the study” 

   

Yes 0.10 0.05 0.03, 0.27 

No 0.90 0.05 0.73, 0.97 

“If pathology tests were at my own expense of 
$400, I would still have my child participate in the 
study” 

   

Yes 0.16 0.07 0.05, 0.35 

No 0.84 0.07 0.65, 0.93 

“If the biochemical therapy capsules were at my 
own expense of $40 per month, I would still have 
my child participate in the study” 

   

Yes  0.84 0.07 0.65, 0.90 

No 0.16 0.07 0.07, 0.35 

“If I knew my child may receive a placebo or control 
intervention,  I would still have them participate in 
the study” 

   

Yes 0.58 0.09 0.39, 0.75 

No 0.42 0.09 0.25, 0.61 
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the exit questionnaire emphasised the requirement for multiple appointment availabilities 

throughout the study. Participants and caregivers were satisfied with the 30 minute length of 

consultations, however, almost half (48%) found the lack of flexibility for visit two and visit 

four appointments inconvenient due to the limited availability of the study doctor. Further, the 

timely access to resources such as clinic rooms, computers, weight scales and height measures 

were a barrier to efficiency. 

 

Data gathered from the participants and expressions of interest for the study also identified 

the need for multiple studies sites nationally and internationally (particularly in the United 

States of America, Italy and the Philippines) with some families travelling thousands of 

kilometres to participate.  

 

Sampling strategy is a critical part of research design. Appropriate sampling is vital for the 

confident application of study findings to the target population, settings, or time periods.301 

Statistically the sample showed adequacy for heterogeneity and normality; however, possibly 

due to location and advertising, the majority of the sample identified from metropolitan areas, 

nuclear families and attended state schools. Recruiting participants from a wider selection of 

socioeconomic and family structures may be beneficial as those children with violent and 

aggressive behaviour disorders in Australia predominately come from non-metropolitan, 

blended-families.36  

 

Screening processes appeared effective; however, eligibility was only 51%, suggesting a more 

targeted recruitment campaign may be required. Since clinical studies have finite resources, it 

is imperative that potential participants put forward for screening have a high success rate for 

inclusion otherwise it may indicate that resources are being underutilised.301  

 

Although the target of 43 recruited participants was not met for the predicted dropout rate of 

30%, the 97% retention rate was exceptional. This may have been attributed to regular 

communication from the research team and the favourable side effect profile of the 

intervention. As a result, the sample size calculation (7.4.8) for the RCT was based on a lower 

drop-out rate of 20%. Using groups with staggered starting times worked well to decrease the 

burden on project staff, clinicians, laboratories and the compounding pharmacy. 

 

The use of an electronic medium to communicate, access, deliver, store and retrieve data 

throughout the study was highly effective. On the contrary, the collection of teacher data was 

suboptimal. This was likely due to the lack of direct access to teachers, frequent school 
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holidays, leave, changing classes and changing job sites. Particular attention should be 

focussed toward recruiting and retaining the teachers of participants in future studies. This will 

require funding for the research team to visit the schools. 

 

Although the outcome instruments were convenient and easy for the caregivers to access 

online, respondent feedback further emphasised the gap in appropriate instruments available 

for use in violent and aggressive youth. For example, the CAS item about weapon use only 

included ‘knives or guns’; however, participants were able to use accessible household items 

such as toys and brooms in a similar manner. 

 

Despite a 100% response rate to questionnaires from baseline to week 16, there was only a 

71% response rate to follow-up questionnaires as there was minimal incentive for completion 

(i.e., no free of charge consultations or micronutrient therapy). Future studies should provide 

mechanisms to increase questionnaire compliance whether it is in the form of monetary 

compensation or a review of the respondent burden. 

 

The recent extension to the CONSORT 2010 statement302 included guidelines for the reporting 

of pilot and feasibility trials.303,304 Despite the recent focus on the reporting of these studies, 

there is a lack of available resources and instruments for feasibility analysis. The exit 

questionnaire was a resource developed by the research team to be used as a feedback device. 

The data collected using the exit questionnaire and the commentary provided by caregivers 

throughout the study were valuable resources as they provided an additional dimension to 

parent/caregiver-reported data which could not be achieved through the use of validated 

instruments and consultations. 

 

The intervention appeared effective and well tolerated. Statistical and thematic analysis 

showed there was a faster response to therapy with a steeper trajectory of improvement seen 

in the first eight weeks of intervention compared to final eight weeks (week eight to 16). This 

may have been due to biochemical changes or increased growth requirements. Closer 

monitoring for these variables is recommended for future studies.  

 

In order to assist caregivers, a written list of appropriate delivery vehicles for dispersing 

capsule contents in is recommended for future studies. Further, the guide to swallowing 

capsules (6.3.6.1) could be made compulsory to view before receiving the capsules to 

potentially decrease the need to disperse capsule contents. The addition of vanillin powder to 
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the bottle of capsules to assist with odour and/or taste issues is also an option for future 

studies. 

 

Simplified dosage schedules are an important aspect in maximising therapeutic success.305 It is 

well known that increased time between dosage intervals improves compliance e.g., a 

participant is more compliant with a once daily dose regimen compared to a four time a day 

regimen.305 Anecdotally, it has been suggested that it may be possible for the micronutrients 

to be given as a single daily dose with a main meal in the morning or at noon, however midday 

dosing is challenging due to the participant being in school. It has been suggested that children 

have often consumed inadequate amounts of food in the morning to reduce gastrointestinal 

side effects associated with vitamin C, vitamin B6, P5P. Unfortunately, night time dosing of 

vitamin B6 and P5P is not recommended due to its potential for sleep disturbances.306  

 

Cost was of concern for 42% of families, where study participation was reported to be 

“expensive” or “very expensive”. This was due to direct non-medical costs, indirect costs, 

intangible costs and opportunity costs associated with participation. It was also identified that 

study funded consultations, pathology and interventions are imperative, as 84% of families 

responded that they would not participate if they had to pay market value for these services. 

Despite this, follow-up data showed 20 (65%) participants continued micronutrient therapy 

after the trial. Research associated cost was also highlighted from a preliminary review of 

participant health care costs for the study revealing that approximately $4 211AUD will be 

required per participant for a similar study. 

 

7.5.1 Limitations of the feasibility study 

A lack of outcomes to specifically measure feasibility and the use of the non-validated exit 

questionnaire limited the quality of this study. 

 

7.5.2 Future directions 

The feasibility study has identified several important findings and implications for future 

research. Firstly, there were strengths in the open-label study which should be replicated in 

future studies. These included proficient study protocols and operating procedures, excellent 

participant management, which was reflected by a 97% retention rate of participants, and 

appropriate data management.   

 

As cost was the most prominent theme to emerge from the feasibility analysis, consideration 

for funding and further pharmacoeconomic analysis should be the primary focus before 
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undertaking any further studies. Funding the employment of administration staff, nurses and 

multiple medical practitioners to cater for an equivalent or larger sample size, or multicentre 

study would be imperative. In addition, funding for courier of medications should be 

considered for larger scale studies to improve access and direct supply to participants. An 

incentive for the return of follow-up questionnaires to improve response rate should also be 

considered. Furthermore, the provision of consultations, biological testing and the 

intervention at no cost to participants is an important inclusion to maintain in future studies. 

 

Future studies will require a more diverse sample of participants from a wider socioeconomic, 

family and residential background. Approval to recruit participants from the Youth Justice 

System may provide a solution to diversifying the population sample. This may further be 

achieved through compensating families for travel costs and time given to participate e.g., lost 

wages, petrol, flights and public transport. Consideration should also be given to the inclusion 

of multiple study doctors and multiple study sites in metropolitan and non-metropolitan 

locations and internationally. RCTs that assess psychosocial therapy, pharmacotherapy and 

micronutrient therapy or a combination of these interventions would be valuable to determine 

the benefits of monotherapy, adjunctive therapy and multimodal approaches. 

 

A review of weight and height dose requirements throughout the study, potentially at 

midpoint, may be beneficial in future studies to account for growth and development. In 

addition, based on anecdotal evidence in the field, an up-titration of dose at initiation of the 

intervention may be considered to reduce the incidence of declining behaviour that is 

occasionally observed with other biochemical imbalances. The dosage schedule could also be 

reviewed to determine if once daily dosing could reproduce the same results and improve 

compliance. 

 

The use of technology in the form of smart phone applications or online diaries/alarms/ 

reminders may be beneficial to further improve simplicity and convenience of data collection 

to increase questionnaire compliance. Studies that plan to utilise teacher data as a primary 

outcome measure should investigate strategies to keep teachers retained in the study as this 

was identified as a challenge. Careful timing of the study that takes into account school terms 

and holidays may provide a solution to retaining teachers. 

 

As caregiver commentary throughout the study provided valuable data which could not be 

captured using the validated instruments, further studies should investigate appropriate 

recording instruments e.g., diaries to capture this information. 
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7.6 Conclusion  

The feasibility of the open-label trial was evaluated for integrity of the study protocol, 

standard operating procedures, facilities, participant management, data management, 

outcome measures, the intervention, respondent feedback and pharmacoeconomics.  The 

study identified important strengths in the open-label study that should be replicated in future 

studies and suggestions for the successful conduct of future research including RCTs, 

longitudinal or follow-up studies.    
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Chapter 8. Conclusions and future directions 

8.1 Conclusions 

 

Ongoing violent and aggressive behaviours in children and adolescents are often categorised 

under the DSM-V category of CD. The systematic review of pharmacotherapy used in CD to 

identify therapeutic gaps demonstrated that there was limited evidence regarding the safety, 

efficacy and impact on HRQoL for antihypertensives, antipsychotics, anticonvulsants, mood 

stabilisers, psychostimulants and SNRIs. Antipsychotics had the most evidence for efficacy, 

however, showed the most adverse effects. Evidence for safety was limited and HRQoL was 

not reported for each drug class. The studies included in the systematic review conflated CD, 

ODD and ADHD, which made it difficult to determine the efficacy of therapies for CD alone. 

These findings highlighted the diverse pathogenesis of CD and the frequency of comorbid 

conditions such as ADHD and ODD, emphasising the clinical challenges in diagnosis and 

treatment as well as methodologic challenges in research in this field.   

 

A literature review of micronutrient therapy provided an introduction to the potential use of a 

targeted intervention for violent and aggressive behaviours in male youth. Although evidence 

was lacking, the review presented novel and exploratory research that may have the potential 

to overcome diagnostic and treatment challenges in psychiatry. The review highlighted the 

proposed mechanisms of micronutrient therapy to overcome abnormalities in 

neurotransmitter precursors, metabolic insufficiencies and biochemical imbalances. Evidence 

for the use of micronutrients including vitamin B6, P5P, zinc, biotin, chromium, selenium and 

vitamins C and E for violent and aggressive behaviours in those with elevated HPL and 

oxidative stress was reported. Further, the concept of psychiatric biomarkers was introduced 

which outlined the potential for improved diagnostics through blood and urine pathology. In 

particular, the biomarkers that may be utilised to evaluate methylation processes, oxidative 

stress, and copper/zinc ratio and metal toxicities showed promise. The further contribution of 

evidence from the retrospective study and open-label trial for the potential use of chemical 

biomarkers in blood and urine pathology as diagnostic tools for oxidative stress and 

copper/zinc imbalances was of importance and may have the potential to change future 

practice.  

 

The individualised approach of micronutrient intervention presented as a challenge for the 

retrospective evaluation of prescribing patterns, diagnostic instruments and patient outcomes 

in 50 violent and aggressive males who received treatment. All subjects exhibited traits of 
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anger with a high proportion also displaying elevated urinary HPL.  Vitamin B6, P5P, zinc, 

chromium and vitamins C and E fell within the seven most frequently prescribed 

micronutrients. Dose ranges of prescribed micronutrients were often above the recommended 

daily intake, but appeared to be well tolerated. The most prevalent adverse effect was an 

initial decline in behavioural symptoms which may be attributed to increased copper excretion 

upon initiation of zinc therapy. Due to the retrospective nature of the review and high-

incidence of co-prescribed therapies, patterns for safety and efficacy were not able to be 

quantified. Despite this, subjective carer-reported opinions on efficacy were promising. 

 

Both the systematic review and the retrospective study highlighted the absence of validated 

instruments utilised in practice and the lack of ‘gold standard’ instruments to measure efficacy 

outcomes. In this study, a review of the psychometric properties and appropriateness for 

instruments used in research including violent and aggressive youth found that the NCBRF and 

Conners’ 3rd Edition had the highest rating for psychometric properties, but their usefulness in 

research was limited. On the contrary, all of the items in the CAS and the MOAS were 

identified as being the most appropriate instruments used to measure violent and aggressive 

behaviours. The CAS was found to be the most psychometrically sound and useful instrument 

that exclusively measured aggressive behaviours in youth. The study also identified that in 

order to measure the efficacy of a pharmacotherapeutic intervention in those with violence, 

aggression and/or CD; the age, gender, functional level, situational context and the type of 

informant should be considered. In addition, the diversity and broad-band nature of behaviour 

rating instruments may be due to a fundamental lack of theoretical models considering the 

heterogeneity of CD. Most of the reviewed instruments contained few designated items 

specific to violent and aggressive behaviours and were often conflated with oppositional and 

defiant symptoms.  

 

A major focus of this study was bridging a gap in therapy through the investigation of a novel 

intervention to target biochemical imbalances to improve behaviour, family functioning and 

HRQoL outcomes in violent and aggressive male youth. The primary aim of this study was to 

determine if a standardised regimen of micronutrient therapy was efficacious and well-

tolerated in an open-label trial including violent and aggressive male children and adolescents. 

The individualised nature of therapy is likely a reason for the lack of research and publications 

in the area of micronutrient therapy. The development of a standardised intervention of 

micronutrients (namely, vitamin E, vitamin C, biotin, chromium, P5P, vitamin B6, selenium and 

zinc) for a population sample with biochemical and symptomatic similarities was utilised in the 

16 week study. Micronutrient therapy significantly improved parent-reported behaviours in 31 
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male children and adolescents with ongoing violent and aggressive behaviour. Parent-reported 

HRQoL and family functioning also significantly improved. Micronutrient therapy appeared 

well-tolerated, with a favourable side effect profile. Perhaps the most notable achievement of 

this study was the successful completion of the open-label clinical trial which was shown to be 

feasible to progress to a RCT. 

 

This is the first investigation of a standardised micronutrient intervention for violent and 

aggressive behaviour disorders in male children and adolescents. This research has provided 

insight into the practice of diagnosing and managing biochemical imbalances with 

micronutrient therapy. This study demonstrated promising preliminary results for the 

micronutrient intervention in male children and adolescents with violent and aggressive 

behaviours. The significant improvements in parent reported violent and aggressive 

behaviours as well as HRQoL and family functioning could potentially bridge a therapeutic gap 

and change current practices in mainstream medicine. Results from the systematic analysis, 

review of outcome measures and feasibility analysis should assist, and have an impact on, 

future clinical research and trials.   

 

8.2 Future directions 

Several important findings were achieved from this study that may contribute to improved 

patient outcomes and research. Firstly, the need for more research that investigates the 

diverse pathogenesis and heterogeneity of violent and aggressive behavioural disorders was a 

reoccurring finding from this study. Further research into the heterogeneity of CD is a primary 

area of need. The diversity of the condition along with frequent comorbidities not only 

provides difficulties in diagnosis and treatment using current DSM-V criteria, but also impacts 

on the treatment and monitoring of outcomes. Once determined, the implications of these 

findings will influence both research and practice.  

 

A feasibility analysis of the open-label trial identified that future research in this area should 

include pharmacoeconomic analyses, recruitment of a diverse population sample, and 

investigate technological advances in data collection techniques. The open-label study only 

included males and involved an intervention of eight micronutrients. Future studies could 

include females and investigate if similar results could be achieved with a more efficient 

combination of ingredients.  

 

Since this is an emerging area of research and involved one of the first clinical trials of a 

standardised micronutrient intervention in violent and aggressive male children and 
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adolescents, the primary direction would be to progress the study to a RCT. Further, 

longitudinal or follow-up studies to assess long-term outcomes are imperative to determine 

the safety, efficacy and cost-benefit profiles of pharmacotherapy and micronutrient 

interventions. RCTs that assess psychosocial therapy, pharmacotherapy and nutrient therapy 

or a combination of these interventions would be valuable to determine the benefits of 

monotherapy, adjunct therapy and multimodal approaches. 

 

Finally, the biochemical and micronutrient approach may be of benefit in other mental health 

conditions and should be further explored. Anecdotal evidence for this approach exists across 

a wide range of mental health conditions including anxiety, depression, schizophrenia, 

postpartum depression, autism, Alzheimer’s disease, ADHD and other behaviour disorders. 

This evidence may be substantiated through future clinical trials.   
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Appendix 1 Characteristics of included instruments 

Name  Measures Number of 
items (time 
to complete) 

Domains 
or 
Subscales 

Time measured Question 
types 

Age 
(years) 

Cost 
($AUD) 
June 2016 

Nisonger Child 
Behaviour Rating Form 
(NCBRF) 

Parent assessment of problem 
behaviours and social competence 
in children with low IQ/mental 
retardation 

76 8 Closed questions: 
past month  
Open questions:  
1-2 months 

Closed and 1 
open 

3-16 
 
 

0 

Conners’ 3rd Edition Behaviours related to conduct and 
aggression in ADHD +/- CD/ODD 

110 
(20 mins) 

7 Past month Closed  6-18 650 
 

Children’s Aggression 
Scale (CAS) 

Parent observed frequency and 
severity of aggressive and 
disruptive behaviours 

33 (Parent), 
23 (Teacher) 
(10-15 mins)   

5 Past year Closed and 2 
open  

5-18 380 

Aberrant Behaviour 
Checklist (Community)  
(ABC-C) 

Mental retardation problem 
behaviours in residential/ 
community/educational settings 

58 5 Not available 
 

Closed Child/Adult, 
no evidence 
for <5yrs244 

173 

Child Behaviour 
Checklist (CBCL) 6-18 

Behavioural and emotional 
functioning and social competence 

120 
(15-20 mins) 

2 Present to 6 
months 

Open and 
closed 

6-18 years 180 

Behaviour Problems 
Inventory (BPI-01) 

Self-injurious, stereotyped and 
aggressive/destructive behaviours in 
the intellectually disabled 

52 
 

3 2 months Closed Children - 
adults 

N/A 

Modified Overt 
Aggression Scale 
(MOAS) 

Assess nature, prevalence and 
severity of aggression in psychiatric 
populations 

16 
(<15 mins) 

4 Not specified Closed Not specified 0 
 

Disruptive Behaviour 
Disorder Rating Scale 

Identify symptoms of ADHD, ODD, 
and CD in children and adolescents 

45 
(5-10 mins)  

4 6 months Closed Not specified 0 

Swanson, Nolan, and 
Pelham Rating Scale 
(SNAP-IV) 

Parent assessment of ADHD, ODD 
and aggression symptoms 

90 items 
(10 mins) 

Varied Weekly to life-time Closed Not specified 0 
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Appendix 2 Reliability statistics of included instruments 

Instrument Source Sample  
(age range) 

Internal consistency: 
Cronbach α or KR-20 

Inter-rater reliability: 
ICC or κ 

Test-retest reliability (interval): 
 ICC or κ 

Nisonger Child 
Behaviour Rating 
Form (NCBRF) 

227 369 (3-16 years) 0.85 (parent, PBS); 
0.87 (teacher, PBS); 
0.78 (parent, SCS); 
0.84 (teacher, SCS) 

0.51 (parent and teacher, 
PBS) 

- 

Conners’ 3rd Edition 229 Unknown (child-
adolescent) 

0.91 (parent, CS); 
0.94 (teacher, CS); 
0.88 (self-report, CS); 
0.90 (parent, DSMS); 
0.90 (teacher, DSMS); 
0.85 (self-report, DSMS); 
0.90 (parent, VS); 
0.72 (teacher, VS); 
0.56 (self-report, VS) 

0.81 (parent-parent, CS); 
0.73 (teacher-teacher, CS); 
0.84 (parent-parent, 
DSMS); 
0.70 (teacher-teacher, 
DSMS) 

0.85 (parent, CS); 
0.94 (teacher, CS); 
0.88 (self-report, CS)(2-4 weeks); 
0.89 (parent, DSMS); 
0.90 (teacher, DSMS); 
0.85 (self-report, DSMS) (2-4 
weeks) 

Behaviour 
Problems Inventory 
(BPI-01) 

242 237 (4-22) 0.86 (teacher/parent, SBS); 
0.88 (teacher/parent, ADBS); 
0.59 (teacher/parent, SIBS) 

0.76 (teacher-teacher); 
0.24 (teacher-parent) 

0.84 (teacher) 

307 180 (0-3 years) 0.87 (parent, FS); 
0.89 (parent, SS) 

- 0.78 (parent, FS); 
0.74 (parent, SS) 

Children’s 
Aggression Scale 
(CAS) 

18 73 (7-11 years) 0.93 (parent); 
0.90 (parent, VAS); 
0.72 (parent, AOAS); 
0.82 (parent, PAS); 
0.74 (parent, WUS) 

- - 

202 67 (7-11 years) 0.93 (teacher); 
0.89 (teacher, VAS); 
0.67 (teacher, AOAS); 
0.83 (teacher, PAS); 

- - 
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0.59 (teacher, WUS) 

Aberrant Behaviour 
Checklist  (ABC) 

248 93 (1-3 years) 0.90 (parent, IAS);  
0.81 (parent, LSWS); 
0.83 (parent, SBS); 
0.89 (parent, HNS); 
0.68 (parent, ISS) 

- - 

307 180 (0-3 years) 0.96 (parent); 
0.90 (parent, IAS); 
0.91 (parent, LSWS); 
0.87 (parent, SBS); 
0.92 (parent, HNS); 
0.81 (parent, ISS) 

- - 

Disruptive 
Behaviour Disorder 
Scale (DBDRS) 

251 280 (9-13 years) 0.92 (teacher, ADHDIS); 
0.91 (teacher, AHDHHIS); 
0.92 (teacher, ADHDCS); 
0.87 (teacher, ODDS); 
0.70 (teacher, CDS); 

  

255 221 (4.6 mean 
age) 

0.93 (teacher, ADHDIS); 
0.91 (teacher, AHDHHIS); 
0.95 (teacher, ADHDCS); 
0.94 (teacher, ODDS) 

  

Child Behaviour 
Checklist (CBCL) 

261 294 (14-18 years) 0.77 (clinician) 
 

- - 

256 Child/adolescent - 0.93, p<0.001 0.95, p<0.001  

Modified Overt 
Aggression Scale 
(MOAS) 

- - - - - 

Swanson, Nolan, 
and Pelham Rating 
Scale (SNAP-IV) 

- - - - - 
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Appendix 3 Validity statistics of included instruments  

Instrument Source Sample 
(age 
range) 

Convergent Validity: 
Correlation coefficient 

Discriminant Validity: 
Correlation coefficient 

Factorial Validity:  
RMSEA 

Nisonger 
Child 
Behaviour 
Rating Form 
(NCBRF) 

227 369 (3-16 
years) 

0.72 (parent, ABC); 
0.69 (teacher, ABC) 

- - 

 228 399 (5-18 
years) 

0.85 p<0.01 (parent, CPS and DBC-DAS) - 0.059, 90% CI(0.039-
0.073) (Parent, SCS); 
0.086, 90% CI(0.084-
0.088) (Parent, PBS) 

Conners’ 3rd 
Edition 

229 Children 0.53 to 0.93 p<0.05 (ACS and ASEBA-ABS) discriminant function analyses 
77.61% (Parent) 
75.59% (Teacher) 
72.92% (Self-report) 

“Adequate fit” – data 
lacking 

Children’s 
Aggression 
Scale  
(CAS) 

MAN 60 (12.4 
years 
median) 

0.79 p<0.01 (parent, TAI and CBCL-ABS);  
0.76 p<0.01 (parent, TAI and CBCL-EPS) 

- - 

 18 73 (7-11 
years) 

0.69 p<0.001 (parent, VAS and CBCL-ABS);  
0.55 p<0.001 (parent, AOAS and CBCL-ABS);  
0.53  p<0.001 (parent, PPAS and CBCL-ABS); 
0.59  p<0.001 (parent, IPAS and CBCL-ABS); 
0.54  p<0.001 (parent, VAS and CBCL-DBS); 
0.63  p<0.001 (parent, AOAS and CBCL-DBS); 
0.47  p<0.001 (parent, PPAS and CBCL-DBS); 
0.48  p<0.001 (parent, IPAS and CBCL-DBS) 

- - 

 202 67 (7-11 0.68  p<0.001 (teacher, VAS and CBCL-ABS);  - - 
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years) 0.57  p<0.001 (teacher, AOAS and CBCL-ABS);  
0.53  p<0.001 (teacher, PPAS and CBCL-ABS); 
0.58  p<0.001 (teacher, IPAS and CBCL-ABS); 
0.51 p<0.001 (teacher, VAS and CBCL-DBS); 
0.57  p<0.001 (teacher, AOAS and CBCL-DBS); 
0.39 p<0.001 (teacher, PPAS and CBCL-DBS); 
0.49 p<0.001 (teacher, IPAS and CBCL-DBS) 

Aberrant 
Behaviour 
Checklist 
(ABC) 

249 69 
(children-
adults) 

0.37 p<0.01(clinician, ABC and BPI-01) - - 

 248 93 (1-3 
years) 

0.73 (parent, ABC and CBCL) - - 

Child 
Behaviour 
Checklist 
(CBCL) 

261 294 (14-
18 years) 

0.32 p<0.001 (clinician, CBCL-ABS and Arrests); 
0.48 p<0.001 (clinician, CBCL-DBS and Arrests) 

-0.60 p<0.001 (Clinician, CBCL-
ABS and Agreeableness); 
-0.48 p<0.001 (Clinician, CBCL-
DBS and Agreeableness); -0.56 
p<0.001 (Clinician, CBCL-ABS 
and Conscientiousness); -0.53 
p<0.001 (Clinician, CBCL-DBS 
and Conscientiousness) 

RMSEA = 0.12; 
CFI = 0.92 
 

 259 58051 (6-
18) 

- - 0.026 to 0.055 

Behaviour 
Problems 
Inventory 
(BPI-01) 

242 237 (4-
22) 

0.60 p<0.001 (parent/teacher, SIBS and NCBRF-SIBS); 
0.69  p<0.001 (parent/teacher, SBS and NCBRF-SIBS); 
0.81  p<0.001 (parent/teacher, ADBS and NCBRF-CPS) 

Displayed discriminate validity 
– none of the other NCBRF 
subscale predicted the BPI-01 
subscales 

0.083, 90% CI(0.079–
0.08); 
CFI = 0.52  

 307 180 (0-3 
years) 

0.51, 0.52 p<0.01 (parent, ADBS and ABC-IAS) 
 

0.15, 0.20 p<0.05 (Parent, SIBS 
and ABC-LSWS); 
0.07, 0.10 (Parent, ADBS and 
ABC-LSWS) 

- 



140 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABC (Aberrant Behaviour Checklist); ABC-IAS (Aberrant Behaviour Checklist Irritability/Agitation Subscale); ABC-LSWS (Aberrant Behaviour Checklist – Lethargy/Social Withdrawal 

Subscale); ACS (Aggression Content Subscale); ADBS (Aggressive/Destructive Behaviour Subscale); ADHDHIS (ADHD Hyperactivity/Impulsivity Subscale); ADHDIS (ADHD 

Inattention Subscale); ASEBA-ABS (Achenbach System of Empirically Based Assessment – Aggressive Behaviour Subscale); AOAS (Aggression Against Objects and Animals 

Subscale); BPI-01 (Behaviour Problems Inventory); CBCL (Child Behaviour Checklist); CBCL-ABS (Child Behaviour Checklist - Aggressive Behaviour Subscale); CBCL-DBS (Child 

Behaviour Checklist – Delinquent Behaviour Subscale); CBCL-EPS (Child Behaviour Checklist – Externalising Problems Subscale); CDS (Conduct Disorder Subscale); CPS (Conduct 

Problems Subscale); DBC-DAS (Disruptive Behaviour Checklist – Disruptive/Antisocial Subscale); IPAS (Initiated Physical Aggression Subscale); NCBRF-SIBS (Nisonger Child 

Behaviour Rating Form – Self-injurious Behaviour Subscale); NCBRF-SIBS (Nisonger Child Behaviour Rating Form – Conduct Problems Subscale); ODDS (Oppositional Defiant 

Disorder Subscale); PAS (Physical Aggression Subscale); PPAS (Provoked Physical Aggression Subscale); SBS (Stereotypic Behaviour Subscale); SIBS (Self-injurious Behaviour 

Subscale); SSQ (School Situations Questionnaire); TAI ( Total Aggression Index); VAS (Verbal Aggression Subscale); WUS (Weapon Use Subscale)

Modified 
Overt 
Aggression 
Scale 
(MOAS) 

- - - - - 

Disruptive 
Behaviour 
Disorder 
Rating Scale 
(DBDRS) 

251 280 (9-13 
years) 

- - 3.88 (Teacher, ADHDIS) 
2.87 (Teacher, AHDHHIS) 
1.4 (Teacher, ODDS) 
13.74 (Teacher, CDS) 

 255 221 (4.6 
mean 
age) 

0.60 (teacher, ADHDIS and SSQ Total); 
0.77 (teacher, AHDHHIS SSQ Total); 
0.69 (teacher, ODDS and SSQ Total); 
0.63 (teacher, ADHDIS and SSQ Mean); 
0.81 (teacher, AHDHHIS SSQ Mean); 
0.77 (teacher, ODDS and SSQ Mean) 

- RMSEA = 0.18 (3 factor 
model) 

Swanson, 
Nolan, and 
Pelham 
Rating Scale 
(SNAP-IV) 

- - - - - 
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Appendix 4 Open-label clinical trial study brochure 
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Appendix 5 Pre-screening participant information and consent form 
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Appendix 6 Parent participant information and consent form  
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Appendix 7 Teacher information and consent form  
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Appendix 8 Dose administration chart phase 1 
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Appendix 9 Dose administration chart phase 2 
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