

Behaviour Disorders: Nature or Nurture?


Belinda Thomas p148333/1551360

September 2017

Tutor: Tania Davies







Dissertation submitted as part of the requirements for the award
BSc (Hons) Health and Care of Children and Young People











Acknowledgements
I would like to thank Rebecca Whitall, Karen Hudson, Tania Davies and all lecturers of Health and Care of Children and Young People for their guidance and support during the process of this dissertation.























Abstract 
 The aim of this systematic review is to answer the question, are behaviour disorders caused by nature or nurture? The review intends to establish if the causal mechanisms of child behaviour disorders are influenced by biological, psychosocial or environmental risk factors. 5 objectives were set to inform a structure of the review and to support the investigation. The main objective is to answer the research question followed by conducting a systematic review of relevant articles. The remaining objectives are to describe the causes of behaviour disorders, analyse evidence presented and lastly, to propose recommendations. Ultimately, the recommendations suggested should improve future outcomes for children with such disorders regarding intervention and prevention. 

A critical appraisal skills programme (CASP) was used to decide if relevant articles were trustworthy and suitable for this review. Search strategies consisted of using various reputable online databases and inputting a wide variety of search terms: causes +child behaviour disorders UK, ADHD, ODD, CD, conduct problems, causal factors, child behaviour disorders +global+ causal mechanisms. A copy of the search strategy employed is included in appendix (see Appendix B). 

The reported evidence highlighted an interplay of biological, psychosocial and environmental risk factors. Rare copy number variants (CNV) and specific chromosomes were found to be prevalent in children with ADHD.  Neuroimaging techniques suggested the hot and cool executive functions (EF) were affected in children with behaviour disorders. Evidence suggested socioeconomic disadvantage and hostile parenting practices influenced child disorder symptoms which progressed to ADHD in later years. Findings also indicated exposure to heavy metals at low level and the occurrence of a synergistic interaction of metallic elements had an association with behaviour disorders.  

Recommendations suggested an increase of government funding in schools to enhance teacher training in behaviour disorders and to allow extra teachers to be employed. The introduction of a national parenting programme integrated in schools would help to eliminate negative parenting practices and familial conflict. Future investment into research of types of C-section would clarify particular associations of behaviour disorders and C-section. Government strategies to enforce stringent safety levels were advised as new evidence suggested low levels of toxicity to be potential harmful. 
. 
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1.1 Background
This review intends to explore the question, do the origins of behaviour disorders stem from causes associated with nature or nurture? The study will focus on global research findings. According to Tarver, Daley and Sayal (2014) behaviour disorders, also known as disruptive behaviour disorders (DBD), can be defined as inappropriate types of behaviour such as extreme anger, an inability to maintain relationships and impulsivity. Such behaviour must be present over long periods of time, be evident in different environments and have an adverse effect on a person’s well-being (Thapar, Cooper and Eyre 2013). There are several recognised conditions related to behaviour and emotions. The most commonly known behaviour disorder diagnosed amongst children and young people is attention deficit/ hyperactivity disorder (ADHD). Polanczyk, Willcut and Salum (2014) suggests that boys are more predisposed to ADHD than girls. The symptoms range from outbursts of anger and an inability to concentrate, to impulsivity and a lack of awareness of danger. Latimer, Wilson and Kemp (2012) state that oppositional defiant disorder (ODD) also effects more boys than girls and can be defined as children acting in a hostile manner, becoming uncooperative and irritable to persons in authority such as teachers. Obsessive compulsive disorder (OCD) and anxiety disorders can negatively impact on a child’s life, effecting many areas including relationships and educational achievements, therefore a child’s future can be potentially limited (Latimer, Wilson and Kemp, 2012). 

This review is of particular relevance due to current societal problems such as a high incidence of antisocial behavioural problems, low literacy levels of school leavers and an increasing prison population. According to the Department of Education (DfE) (2017), the rate of which children are excluded from mainstream education on the grounds of behavioural issues is increasing annually. In the school academic year 2015 to 2016, over 400,000 children faced permanent exclusion from primary and secondary schools in England (DfE, 2017). The disruption caused to a child’s family, their education and general well-being is significant and can be long lasting (Riosa, MCArthur and Preyede, 2012). There are negative implications for communities and society as a whole. Young, Adamou and Bolea (2012) indicate that there are often adverse ramifications for the children effected by these disorders resulting in low educational attainment which effects their employment prospects. Incidents involving anti-social behaviour can lead to acts of criminal activity also involving alcohol intake and drug abuse (Young, Adamou and Bolea, 2012). Hanwella, Senanayake and De Siva (2012) state that children’s physical and mental health can often be negatively affected by behaviour disorders, sometimes as a direct result of the medication prescribed to manage ADHD. Drugs such as Ritalin can have harmful side effects such as weight loss, insomnia and loss of appetite (NHS, 2013). The current education system in the United Kingdom (UK) does not cater for the needs of children with behavioural disorders due to the current structure of schools and their large classes. There is also a lack of specialist teacher training which focuses on behaviour disorders and in areas including special educational needs (SEN) (Tarver, Daley and Sayal, 2014). 


1,2 Justification
The impact of behaviour disorders on children and young people’s lives can have a detrimental effect, not only on their own but that of their family and the wider society. There is a great need for further research to ascertain whether such disorders stem from biological or psychosocial causes to enable possible prevention in the future, effective treatment and interventions. 

 Historically, behaviour disorders are a relatively modern phenomenon in the UK. ADHD was only recognised as a valid medical condition in the UK in the 1970s by the National Institute of Clinical Excellence (NICE). According to research carried out by NICE, in 1990, only forty children were medicated for the condition (nice.org.uk). According to recent research reported in The Guardian newspaper, nearly one million prescriptions for ADHD medication were dispensed in 2015 (Boffey, 2015). This sharp rise in children being prescribed medication provides justification for more thorough research to be carried out in to the harmful side effects of prescribed medication and its links to further substance misuse (Rubia, Alegra and Cubillo, 2013). Continued research is needed to aid the development of current knowledge of behaviour disorders to provide specialist help and to further develop theories on the subject. The data and statistics gathered due to previous evidence, can expand on the information professionals collate. Gaps found in research can be highlighted and dictate whether additional exploratory research is required. Current research into the origins of behaviour disorders such as ADHD appear to have been widely researched. However, initial searches for supporting evidence suggests conditions such as ODD are not as widely researched. Research carried out by Sarojini, Sengupta and Fortier (2015) suggests that the comorbidity, of behaviour disorders such as ODD and ADHD is extremely detrimental for children and young people’s mental health.

The limitations of the study appear to be namely that the requirements state that only secondary data may be used. The conducting of empirical research is not permitted, although reviewing the data is within the parameters of the study. There was a wide area of secondary research available to review including systematic reviews and meta-analysis research. 

1,3 Aim
To investigate the origins of behaviour disorders, considering the possibility of both biological and psychosocial causes.
1.4 Objectives
· To answer the question, does nature or nurture seem to have more of an impact on behaviour disorders? 
· To carry out a systematic review of current literature available regarding the causes of behaviour disorders
· To describe the causes of behavioural disorders
· To analyse evidence to support the theory for biological origins and psychosocial 
· To give recommendations for improvements in the following areas: professionally; for those living with behavioural disorders; policy makers; the wider public; financial implications
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2.1 Systematic Review
A systematic review is the collection of several studies on a particular subject. The cumulative evidence is analysed, and conclusions are formed from the collated results. Scientific principles are applied to the systematic review using the same methods applied to each original study. This initially requires the identification of sources, then organising and analysing the studies that are relevant to the specific subject matter. Meta-analysis is the statistical process of gathering results from all the studies (CASP,2017). 

2.2 Methodology and Justification
An electronic version of Critical Appraisal Skill Programme (CASP) was used to analyse the research and decide the ‘trustworthiness, and relevance’ of the data (CASP 2017).  There are eight critical appraisal tools available to use for analysing research; Systematic Reviews, Randomized Controlled Trials (RCTs), Cohort Studies, Case Control Studies, Economic Evaluation, Diagnostic studies, Qualitative Studies and Clinical Prediction Rule.  There are three main issues that must be considered when using the Systematic Review checklist; are the results valid? What are the results? Do they link directly to the question or investigation? There are a series of ten questions, the initial two are for general screening purposes. The remaining questions require simple answers, yes, no or can’t tell. Figure 1 lists the 10 questions are stated in the CASP systematic review checklist. The Critical Appraisal Skills Programme was originally designed in 1994 but a recent survey carried out has found the tool is still useful and appropriate’ (CASP 2017).  











2.3 CASP Checklist
	Questions
	Yes
	Can’t Tell
	No

	Did review address clear question?
	
	
	

	Did author look for the right type of paper?
	
	
	

	Are all of the important/relevant papers included?
	
	
	

	Did review authors adequately assess quality of studies?
	
	
	

	If results combined, was this reasonable to do?
	
	
	

	What are overall results of review?
	
	
	

	Are results precise?
	
	
	

	Can results be applied to local population
	
	
	

	Were all important outcomes considered?
	
	
	

	Are benefits worth any harm/costs?
	
	
	


Figure 1 Critical Appraisal Checklist Program (CASP) Systematic Review Checklist and response: Yes, can’t tell or no. 

CASP was chosen as a suitable methodology as the checklist is succinct and enables the detection of relevant and reliable research. The framework is suitable for critiquing reviews, flexible and easier to adapt than other tools such as the preferred reporting items for systematic reviews and meta-analysis (PRISMA). PRISMA consists of 27 items in a checklist and is an in depth reviewing tool, largely used for the collection of health and medical data for systematic reviews and meta-analysis. 


2.4 Methods and Justification
To meet the main aim and objectives of the study, various methods were deployed using a theoretical approach as opposed to a practical one as this was not acceptable in the criteria. Both empirical and non-empirical research was used to enable access to a wider scope of literature. Relevant systematic reviews, meta-analysis studies, journals, government statistics were viewed. All research collated was relevant and current as it was conducted within the last five years, however, any seminal work included may be older.  Both manual and electronic searches were carried out to obtain as much information as possible. Suitable systematic reviews and journals were researched. Electronic databases searched included Google scholar, EBSCO, Springer and Wiley Online Library. Several words and phrases were used interchangeably in order to gain as much relevant information as possible. Terms such as ‘causes of behaviour disorders UK/ world-wide’, ‘origins of conduct disorders UK/world-wide’, ‘behaviour disorders; nature or nurture in UK/global?’, ‘Behaviour disorders: biological or psychosocial UK/global?’ were used to ascertain the amount of specific information and data available for research and to find out if the subject matter was a viable option. Appendix A details the search terms input and denotes the responses. The snowball technique was a beneficial strategy to use as an initial search and often led to further relevant information. General themes emerged because of the research carried out:
· Nature and nurture are interlinked.
·  Environmental factors can influence biological factors
· Teachers lack training and knowledge regarding behaviour disorders
· The importance of correct diagnosis
· The importance of early diagnosis
· The detrimental impact on a child’s life, that of their family, the public and wider society
 

2.5 Ethical Considerations
Ethical consideration was given to the research carried out although only secondary data has been analysed. However, when conducting research, it is crucial that confidentiality is ensured always. Participants involved in research must give their consent voluntarily and their vulnerability must be considered, particularly children and young people are under 18 years. It is important to consider whether there is a conflict of interest for the researcher and that the body funding the project are impartial. Security of personal data must be ensured during the study and appropriately disposed of when the research is complete (The Ethics Research Guidebook, 2014). The articles incorporated in this review clearly stated the details of ethical consideration within each study. The majority of studies included that written consent was given by the participants or the child’s guardian. Anonymity was maintained at all times and participant confidentiality was of paramount importance as the majority of children were below the age of 16 years. 


2.6 Evidence of themes 
An extensive review was conducted of journal articles and systematic reviews to gather relevant data and information in order to answer the research question, are behaviour disorders caused by nature or nurture?  Themes gradually began to unfold leading to four main topics: biologically factors: gene variants and neuroimaging, environmental and early years, social disadvantage and effects of toxicity. As these themes emerged they were highlighted in different colours to denote whether they were biological or environmental risk factors. These differences were colour coded: purple for environmental, orange for biological, green for general information and pink for significant evidence. This system was simple but effective and was used on all articles. As the evidence began to accumulate, articles with similar themes such as socioeconomic disadvantage, were grouped together and re-read. The colour coding remained consistent which enabled the amount of evidence reported to be substantial.
2.7 Evidence of themes
	Colour Code
	Theme

	
	Biological

	
	Environmental/Early Years

	
	Socioeconomic Disadvantage

	
	Toxicity

	
	General

	
	Evidence


Figure 2 Colour coding used to denote relevant themes: biological, environmental and early years, socioeconomic disadvantage, toxicity, general and evidence. 
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3.1 Introduction to Thematic Review of Literature
A single causal factor of behaviour disorders in children and young people has yet to be definitively identified, suggesting there may be several causes. Evidence suggests an interplay between biological and environmental factors is largely responsible. Aetiology and heterogeneity of the disorders such as impulsivity, aggression, inattention and hyperactivity add to the difficulties in finding a solution. Definition of the various behaviour disorders also hampers finding causal factors as the nosology can be wide ranging. A literature review was carried out to evaluate and analyse the findings of systematic reviews, meta-analysis and journal articles ascertaining whether behaviour disorders stem from biological or environmental causal factors. The following recurring themes were found during the research:
1. Biological factors and gene variants; neuroimaging (2 papers)
2. Environmental factors and early years. (2 papers) 
3. Socioeconomic disadvantage, parental hostility, maternal smoking. (3 papers)
4. Effects of developmental toxicity. (2 paper) 

3.2 Biological factors: gene variants and neuroimaging
Jarick et al (2014) conducted a genome-wide association study (GWAS) to establish if a specific gene variant could be identified in association with the risk of ADHD. Previous studies have established that rare copy number variants (CNV) are associated with ADHD and other neurodevelopmental disorders. CNV is the term used to describe the structural disparity that occurs within the complete set of genes in a cell (a genome) (Jarick et al, 2014). CNV consists of two main subgroups: long repeats and short repeats. Structural changes occur, namely duplication and deletion, changing the length of the variant. Jarick et al (2014) intended to identify rare CNV associated with ADHD by conducting a whole-genome CNV analysis. 489 children with ADHD symptoms and 1285 controls were included in the study. The study found one CNV region that was associated with ADHD. The study was replicated with 386 ADHD children and 781 controls, producing similar significant findings. Jarick et al (2014) concluded that the rare CNV found in the Parkinson protein 2 gene (PARK2) was more prevalent in ADHD children than in the controls. 11 of the 12 CNV in ADHD were validated by quantitative analysis using quantitative polymerase chain reaction (qPCR) to ensure an effective methodological approach. 

Noordermeer et al (2016) conducted a unique systematic review and meta-analysis examining both functional magnetic resonance imaging (fMRI) and structural magnetic resonance imaging (sMRI) results, found in children with ODD and CD, with and without ADHD. Both hot and cool executive functioning (EF) was investigated. Executive functioning involves neurologically-based skills connected with mental control and self-regulation. Hot EF is associated with emotional processing and decision making, whereas cool EF is characterised by problem solving, inhibition and flexibility. Previous studies focused on ADHD, and research was lacking in other behavioural disorders such as ODD and CD. Until the recent publication of Diagnostic and Statistical Manual of Mental Disorders (DSM-5) in 2013, ODD was considered as a milder version of CD (American Psychiatric Association, 2018). However, Noordermeer et al (2016) state that both conditions are associated with psychosocial and biological determinants such as social and economic deprivation and biological parents involved in criminality. The heritability rate of ODD is 61% and CD is 74%, 50% of genetics are linked to both disorders (Noordermeer et al, 2016). The future of children with behavioural disorders is associated with poor outcomes and often leads to antisocial personality disorder (APD) (Noordermeer et al, 2016). 

The methodology employed by Jarick et al (2014) was very thorough and incorporated a robust systematic analysis of results. The initial study based in Germany, consisted of children aged between 6-18 years old, most participants being male (81%). However, the age range of control group participants was 25-75 years old, of whom 50.7% were male. The replicated study employed ADHD patients between 6-19-year-old, 83.7% were male. The controls were taken from two population-based birth cohort studies, followed up at the age of 10 years. ADHD patients were diagnosed using DSM-1V and basic characteristics were matched using the studies quality control (QC) criteria. Participants gave their written informed consent or parents of children on their behalf and the study procedure was approved by the Institute Review Board or Ethics Committees. 

Noordermeer et al (2016) conducted a search of 4 reputable online databases: PsycInfo, EMBASE, PubMed and Web of Science producing 17 fMRI and 12 sMRI studies which were broken down into hot and cool executive functioning (EF). Search terms such as ODD, CD, disruptive behavioural disorder, neuroimaging and MRI were input. The inclusion criteria consisted of all relevant studies that compared sMRI and fMRI results with children with ODD, CD and with or without ADHD. Relevant studies were included up till June 2015 and were published in English peer reviewed journals. There were no age limitations for participants, however children had to be diagnosed with relevant behaviour disorders using DSM-111, DSM-1V or DSM-5. An initial search found 576 studies but when filters were applied this was reduced to 29 studies, 2 allowing meta-analysis. Although Noordermeer et al (2016) conducted a thorough search and detailed inclusion/exclusion criteria, the omittance of whether children were medicated, which may affect brain structure and function limited clarity of results.

 Jarick et al (2014) produced evidence of 592 rare CNV associated with ADHD which had a longer structure in patients than control participants, mostly in the region of neurodevelopmental genes. Findings highlighted a significant association with PARK2 and two specific chromosomes: 16p13.11 and 15q13.3. Although evidence suggested children with ADHD had longer rare CNV there was nominal significance found between males and females. Jarick et al (2014) claim that the investigation was hampered by limited statistical power to detect the loci for ADHD. However, an overall trend for the global burden of rare CNV in ADHD was detected. 

[bookmark: _Hlk511422419]Noodermeer et al (2016) used quantitative meta-analysis activation likelihood estimate (ALE) and followed up with narrative reviews. ALE is a method used to detect specific areas of abnormalities and is robust to any forms of publication bias (Brainmap.org, 2018). Of the 12 sMRI studies conducted, 415 participants were employed: 267 patients and 148 controls between the ages of 8-21 years. 58 individual structural abnormalities were located, associated with ODD/CD and with or without ADHD. The narrative review of the 12 sMRI studies included 334 patients and 309 controls aged between 6-21 years. The evidence reported a positive association between the amygdala, temporal lobe and cerebellum with ODD and CD only. 17 fMRI studies consisted of 256 patients and 167 controls aged between 9-21years. Evidence reported 68 foci of areas associated with altered activity within the amygdala and insula effecting both hot and cool EF. 

 Noordermeer et al (2016) findings suggest that children with ODD and CD had brain structures that were smaller and less active, mostly in hot EF related areas. However, evidence suggested abnormalities in both hot and cool EF were present. Significant findings reported abnormalities in the left frontal gyrus, amygdala and insula linked to children with ODD and CD only as opposed to with ADHD.  These structural regions are associated with: self-control, problems solving, emotional processing, error monitoring, perception and comprehension of language which are all areas closely related to behavioural and neurocognitive deficits found in children with ODD and CD. Correlational studies also supported this evidence. Noordermeer et al (2016) state that limitations of their review stem from a lack of research into cool EF and ODD and CD and heterogeneity between studies. 

3.2.1 Conclusion
[bookmark: _Hlk510709032]In conclusion to the association between biological factors and behaviour disorders, evidence suggested by Jarrick et al (2014) strongly suggests rare CNV such as PARK2 and specific chromosomes, 16p13.11 and 15q13.3 are prevalent in children with ADHD. Further research investigating neurodevelopmental genes and CNVs would enhance knowledge of brain structure and functions that affect behaviour disorders. Jarrick et al (2014) included several authors who received money for clinician trials from pharmaceutical companies which highlights a conflict of interest. Noordermeer et al (2016) findings indicate 68 new foci areas within the brain that are affected in children with behaviour disorders. Reported evidence also suggests an association between hot and cool EF with ODD and CD as opposed to only ADHD as was previously thought. Several limitations within Noordermeer et al (2016) study are apparent and hampered the potential for further evidence. A lack of previous research into cool EF and behaviour disorders diminished the possibilities of providing a stronger association between ODD and CD and brain abnormalities. Heterogeneity between studies available also hampered the prospect of further results being reported and a lack of clarity regarding if children were medicated may affect sMRI and fMRI results. Further research taking this into account would be useful. 

3.3 Environmental factors and early years
Curran et al, (2015) and Latimer et al, (2012) suggest behaviour disorders may be influenced by an integration of psychosocial and environmental risk factors: viral illness during pregnancy, caesarean section (C-section), maternal stress and anxiety, maternal smoking and alcohol consumption. A systematic review and meta-analysis was conducted by Curran et al (2015) due to an increase in Caesarean section (C-section) as a mode of birth delivery and concerns that it may affect the behaviour and neurodevelopment of babies. Curran et al (2015) and Tully and Ball (2013) state that previous findings highlight a link between C-section, health issues and neurodevelopmental disorders. Suggestions of an association between C-section and asthma, diabetes, gastrointestinal disease and bipolar disorder have heightened concerns to establish whether C-section does increase the chances of the development of behaviour disorders such as ASD and AD/HD (Cho and Norman, 2013).  Results indicate an association between C-section as mode of delivery and increased odds of ASD and to a lesser extent ADHD. 

Latimer et al (2012) conducted a systematic review into the possible association between disruptive behaviour disorders (DBD) and environmental antenatal and early years risk factors. The overall condition of DBDs and 5 specific components: conduct disorder (CD), ODD, ADHD, deficits of attention, motor control and perception disorder (DAMP) and reactive attachment disorder (RAD) are examined. The review concentrates on the early years of a child’s life until their 4th birthday as formative years are highly influential in the development of a child’s temperament, behaviour and physical well-being (Keenan et al, 2016). Latimer et al (2012) divided environmental factors into three groups: perinatal, postnatal and infancy. Literature included, focussed on topics such as maternal: smoking, alcohol consumption, stress and anxiety and illness during pregnancy. Perinatal risk factors researched were: birthweight, delivery and neonatal complications and season of birth. The subgroup of infancy covered: parenting style and parental stress, early deprivation and adoption and separation. Findings suggest an association between an integration of environmental factors and DBD.

The official procedure by which Curran et al (2013) carried out a systematic review and meta-analysis was registered on PROSPERO (the international prospective register of systematic reviews) and is available on the National Institute for Health Research (NIHR) website. Literature spanning 35 years until 28th February 2014 was considered taken from several databases: PubMed, EMBASE, CINHAL, PsycINFO and Web of Science. Search terms revolved around various terminology including: ASD, ADHD, mode of delivery and study design. An interplay between such terms and medical lexicon was employed. Two independent reviewers Curran, E.A. and O’Neill, S.M. (EAC and SMON) selected and studied the chosen articles, using a third reviewer Kearney, P.M. (PMK) to resolve any conflicting issues and provide a consensus if needed. 

 Justification for Latimer et al (2012) review was based on a lack of previous research which focussed on the influences of environmental factors and child behavioural disorders other than ADHD. Latimer et al (2012) suggest similar risk factors may affect DBDs however, ambiguity of DBDs aetiology and presentation due to an overlap of symptoms have prevented sufficient research from taking place. A thorough search of six databases was carried out: PsycLIT/PsycINFO, BNI, CINHAL, EBM, EMBASE, MEDLINE, ERIC, Social Science Citation Index and Science Citation Index. 9,806 original papers were generated however, this was reduced to 47 when filters were applied. Publications between 1 January 1966 until 30 April 2009 were considered and the inclusion and exclusion criteria were clearly stated within the review.  Search terms incorporated the 5 individual components of DBDs with an interplay of environmental factors previously mentioned. Latimer et al (2012) claim to have considered literature that used a diagnostic criterion to ensure comparability and papers that had implemented methodologically robust systems. 

Curran et al (2015) initial search produced 5,490 unique results, however, this was reduced to 25 relevant articles.  Articles were excluded if the type of C-section was omitted or performed due to an obstetric risk also if publications omitted an original date. The final results included 25 relevant papers in the systematic review, 4 for ADHD and 21 for ASD, and the data from 15 studies enabled a meta-analysis. Curran et al (2013) presented findings for both adjusted and unadjusted analysis. Characteristics of studies included in the review stated the adjusted analysis included statistics for 12,809 children with ASD taken from 1,192,806 and unadjusted analysis for 14,214 children with ASD from 1,384,278. Curran et al (2013) clearly state the subgroups used for data as being gender, type of C-section and conduct, which is broken down into the three main components of ASD; Progressive Development Disorder (PDD-Non-Specific), Asperger’s and Autism. Although useful for comparable reasons, this highlights the heterogeneity within this review.

The research presented in Latimer et al (2012) systematic review highlights a disproportionate focus on prenatal maternal smoking opposed to early life adversities such as maternal stress and anxiety and early deprivation. Evidence presented by Latimer et al (2012) suggests that DBDs are influenced by psychosocial and environmental factors: prenatal illnesses, early term birth, early deprivation and both adoption and separation.  A lack of research in these areas may be due to difficulties in controlling confounding variables. The importance of utilizing effective study design is imperative to produce the optimum results. The most suitable study design when conducting research in this area would be a longitudinal study, however, it can be very difficult to retain family’s engagement due to familial adversity. The evidence reported highlighted an association between DBDs and environmental antenatal and early years risk factors in several areas based on ‘very robust’ and ‘good quality’ studies. Influential findings were mostly from large representative cohort and twin studies and confounding variables were well controlled. Limitations of evidence regarding illness during pregnancy are clearly stated and suggestions are made for future studies to incorporate a larger number of participants. Further research into viral infections may show an association between environmental factors and DBDs as the study regarding ‘season of birth’ demonstrated that September born babies are more prone to viral infections and DBDs. There is a distinct lack of research into behaviour disorders other than ADHD which may be due to the overlap of the aetiology and difficulties presented. However, in light of current findings, the importance of further research into this area should be highlighted and encourage future studies. 

The overall findings suggest an increase in the odds of the prevalence of ASD and possibly ADHD, when comparing C-section to full-term birth by vaginal delivery. 13 studies produced an adjusted estimate for an association between C-section and ASD of a pooled odds ratio (OR) 1.23 (95% Confidence Interval (CI): 1.07,1.40). Two studies stated an adjusted estimate for a link between C-section and ADHD with a pooled OR of 1.07 (95% CI: 0.86, 1.33). However, the results may be affected by residual confounding’s such as a limited number of participants and studies that were too old and not relevant to current society. The variation in the design of studies within the review highlights the heterogeneity of results. However, the results of studies involving siblings is persuasive and highlights an association between C-section and ASD and ADHD.

Curran et al (2015) investigated 8 studies adjusted for confounds without sibling control and found a lower OR 1.19 (95% CI 1.04, 1.37) compared to 4 unadjusted studies with sibling controls which had a higher overall estimate, OR 1.35 (95% CI 1.45,1.59). The results of studies stratifying gender indicate OR of 1.18 (95% CI 0.92, 1.53) and females OR 1.89 (95% CI 0.41, 8.68) However, further research in this area would be beneficial as there were no results identified of an adjusted estimate for gender. The methodology provided a thorough and robust review of collated literature, by using credible databases and wide-ranging searches. However, the lack of research available is highlighted regarding adjusted estimates for possible confounders such as type of C-section and gender differences. Further research would be beneficial into environmental factors that clearly influence the genetic basis of ASD and ADHD. 




3.3.1 Conclusion
In conclusion, although it is difficult to control confounding variables, a significant association between an integration of environmental factors and behaviour disorders has been presented. Findings suggest an association between C-section as a mode of delivery and ASD and ADHD to a lesser extent. Future studies regarding C-section and behaviour disorders would benefit from sibling controls and including an explanation of confounders such as socioeconomic status, sex of baby and type of C-section, whether it was elective, emergency, primary or repeat. Similarly, maternal and paternal genetics should be accounted for to adjust for genetic predisposition of behaviour disorders. These adaptations to future research would enhance knowledge and provide clarity to the relationship between behaviour disorders and C-section. Significant evidence reports how DBD are influenced by environmental risk factors such as early-term birth and prenatal illness. Longitudinal and twin studies would offer valuable insight into future studies.  

3.4 Socioeconomic Disadvantages
Socioeconomic disadvantage has been identified as a possible causal pathway for behaviour disorders such as ADHD, ODD, CD and conduct problems. Factors associated with social deprivation such as socioeconomic status (SES), maternal smoking, parent hostility, anxiety and stress are potentially mediatory links to behaviour disorders. Murray et al (2013) carried out a systematic review to ascertain how common conduct problems, CD and ODD are in Brazil. This was a unique study as most of previous research into this area had been carried out in Western Europe, Australia and North America. According to the GINI index, Brazil has one of the highest rates of inequality and is ranked 16 out of 136 countries (Central Intelligence Agency, 2013). Murray et al (2013) findings suggest that although ODD and CD rates are similar to Western countries, behaviour disorder symptoms and conduct problems are substantially higher in Brazil due to severe social and economic deprivation. 

Russell et al (2015) conducted a systematic review of a possible relationship between socioeconomic disadvantage and ADHD as previous research lacked systematic evaluation. Evidence produced by 20 twin studies conducted throughout the world suggest the mean heritability rate of ADHD to be 76%. Various possible causal factors such as social deprivation, smoking during pregnancy and parenting practices have been examined however, the direction of causal mechanism and size of the association has yet to be clearly identified. It is imperative to recognise how strong the associations are as it may impact on the aetiology of ADHD, theory development and benefit the design of future interventions.  Russel et al (2015) findings suggest an association between children from families of low SES and ADHD. 

Harold et al (2013) conducted a unique systematic review to ascertain whether biological or environmental factors are the cause of negative relationships within families of children with ADHD. Studies suggest that children with ADHD grow up in families with more conflict than children without ADHD. Harold et al (2013) examined this hypothesis by investigating families of biologically related and unrelated mothers, parenting styles and children with ADHD symptoms. A significant association is reported between biologically unrelated mothers, hostile parenting styles and child ADHD symptoms. 

The search criteria employed by Murray et al (2013) was thorough. Random sampling and population-based studies that focused on conduct problems and risk factors were chosen. The probability of risk factors such as schools, households and hospital were stratified and institutions such as drug centres were excluded from the search. Over 100 children under the age of 18 were tested for conduct problems, CD or ODD using standardised measures such as the Child Behaviour Checklist (Achenbach and Edelbrock, 1987), the Development and Well-being Assessment (DAWBA) (Goodman et al, 2000), or the Strengths and Difficulties Questionnaire (Goodman, 2001).  Each study involved at least one of the disorders, conduct problems, CD or ODD and a variation of risk factors. Both English and Portuguese written studies were incorporated using both published and unpublished works. The following databases were searched; Social Science Citation Index, PubMed, and LILACS (a scientific and technical index of literature from Latin America and the Caribbean) and an interplay of keywords: conduct problems, CD, ODD, longitudinal, prospective, cross-sectional, case control and various risk factors such as crime, violence or delinquency were input. 

Russell et al (2015) used a methodologically robust system to collate relevant studies. Incorporated study designs were population-based surveys, including cohort, longitudinal and cross-sectional studies. Only papers that had included children diagnosed with ADHD via a validated diagnostic instrument such as Conner’s Ratings scale (MHS Assessment, 2015) and the Child Behaviour Checklist (Achenbach and Edelbrock, 1987) were accepted. Measurements of social economic status (SES) were agreed, ranging from parental education level, income and marital status. Works published since and including 1994 were considered as the Diagnostic and Statistical Manual for Mental Disorders 1V (DSM-1V) was published that year, which is a widely used diagnostic tool for behaviour disorders. 8 reputable databases were searched, and an interplay of keywords were input:  ADHD, variations of SES and longitudinal, cohort and cross-sectional studies. 1369 studies were originally identified; however, this was finally reduced to 42 studies, of which 15 allowed meta-analysis. 

Harold et al (2013) conducted two specific studies regarding biologically related and unrelated maternal ADHD symptoms, parenting styles, causes of child impulsivity/activation and ADHD symptoms.
·  Cardiff IVF Study (C-IVF): cross-sectional adoption at birth involving 160 mothers and children aged 5-8 years.
·  Early Growth and Development Study (EGDS): longitudinal adoption at birth involving biologically related and unrelated mothers and 320 linked sets of adopted children aged 6 years. 
The study designs controlled for passive genotype-environment correlation and evocative genotype-environment correlation (rGE) was directly examined. Parents completed questionnaires to provide evidence of maternal and child ADHD symptoms, parenting styles and causes of child’s impulsivity. The results from these were assessed and used to adopt a cross-rater approach to enable homogeneity. The findings of both studies were significant and highlighted an association between biologically related and unrelated maternal ADHD symptoms, parenting styles and child ADHD symptoms, therefore passive rGE was removed to limit ambiguity. However, the EGDS produced evidence of evocative rGE in both related and unrelated maternal ADHD, parenting styles and child ADHD symptoms. Figure 3 represents the results from EGDS sample, highlighting the relationship between biologically and unrelated mothers, child impulsivity/activation and child ADHD symptoms.  The evidence suggests that child ADHD affects parent hostility which in turn affects ADHD symptoms in children later in life. 

3.4.1 Biological and rearing mother influences on child ADHD symptoms[image: ]
Figure 3. Model represents the results from EGDS highlighting the relationship between biologically related mother, child impulsivity/activation, unrelated mother and child ADHD symptoms.

Murray et al (2013) clearly explain how data was synthesised using random effect sampling, describing definitions of OR and CI, stating >1.0. represented an increased risk, <1.0 reduced risk and OR of 2.0 represented a strong association between conduct problems and risk factors. 16 eligible studies using the DAWBA reported a prevalence of conduct problems:
·  CD weighted average of 1.4% (95% CI 0.5-3.6),
·  ODD weighted average of 2.4% (95% CI 1.7-3.5)  
· Any CD and ODD weighted average of 4.1% (95% CI 2.1-7.9)

14 studies utilizing screen questionnaires also reported a prevalence of conduct problems associated with risk factors with a weighted average of 20.8% (95% CI 15.9-26.9). Although this is significant, the variety of informants of the questionnaires (teachers, medical staff and parents) may explain the heterogeneity. Risk factors such as low educational attainment may have affected parents understanding and subjectivity of the questions, highlighting uncertainty with the direction of causal factors. Murray et al (2013) highlight the significant result of 21.3% produced by the Strengths and Difficulties Questionnaire (SDQ) involving 3,663 children aged 6-16 years, which is double that of western countries.  In comparison, a British study using the SDQ reported 12.7% children had conduct problems and results of a North America SDQ reported 10.7% children to have conduct problems. DAWBA studies have taken place in several countries, enabling a comparison of results which is essential to provide clear evidence. According to the results highlighted in Figure 4, children in Brazil are not diagnosed with higher rates of CD and ODD than other countries. Britain and Brazil produced similar results, whereas Bangladesh, Yemen and Russia have much higher rates of CD and more so ODD. 

3.4.2 DAWBA Studies results
	Country
	Disorder
	OR
	Disorder
	OR
	Years Old

	Brazil
	CD
	1.4%
	ODD
	2.4%
	7-14

	Britain
	CD
	1.5%
	ODD
	2.3%
	5-15

	Norway
	CD
	0.5%
	ODD
	2.5%
	8-10

	Bangladesh
	CD
	2.9%
	ODD
	5.9%
	5-10

	Yemen
	CD
	1.8%
	ODD
	4.0%
	7-10

	Russia
	CD & ODD
	8.6%
	
	
	7-14


Figure 4 DAWBA studies results to highlight OR of children diagnosed with CD and ODD in Brazil, Britain, Norway, Bangladesh, Yemen and Russia according to DAWBA.

 Two studies using screening questionnaires found conduct disorder to be more common among girls than boys and two studies found no differences between genders. The results between male and female are of interest considering behaviour disorders are more common among boys in Western Europe, Australia and North America, however, though this was not necessarily the case in Brazil. However, when using meta-analysis to gauge these results, the OR was not significant, 1.2% (95% CI 0.9-1.7). Murray et al (2013) suggest the extreme social and economic deprivation in Brazil may outweigh the gender differences usually associated with childhood conduct problems, CD and ODD. This area would benefit from further investigation using a longitudinal study and larger sample sizes. 

Russell et al (2015) overall findings suggest there is a significant association between risk of ADHD and socioeconomic disadvantage at the 5% level. Evidence reported children of parents with low educational attainment are on average OR 1.91 (95% CI 1.21-3.03) more likely to be at risk of ADHD symptoms than a child whose parents are highly educated. There is also an association of children of single parents to be at risk of ADHD symptoms at OR 1.85 (95% CI 1.64-2.08) and those living in a low SES home, at OR 2.21% (95% CI 1.33-3.66). However, the heterogeneity found in data obtained for meta-analysis highlights a lack of conformity between study designs available, the disparity of which impedes on the comparability of results. 


3.4.3 Conclusion
In conclusion Murray et al (2013) findings propose an overwhelming association between socioeconomic deprivation and conduct problems in Brazil, with a prevalence of 20.8%. Similarly, SDQ reported conduct problems at 21.3% in Brazil, compared to 12.7% in Britain and 10.7% in America. However, the results are potentially affected by heterogeneity and bias as various informants completed behaviour questionnaires, including parents of low education. Interestingly, 2 studies indicated a higher score for girls than boys and 2 studies did not show a variance. This unique evidence may be a direct result of the high rates of socioeconomic deprivation prevalent in Brazil and qualifies for further research. Russel et al (2015) review also reported evidence of social disadvantage influencing ADHD. Children with parents of low education had 1.91% more chance of having the disorder, similarly, those from low SES home had 2.2% more chance which suggests ADHD phenotype and genotype may be the causal factors. Further research to study this to a greater extent should be considered, including stratification of SES. Harold et al (2013) claim that parenting hostility from biologically unrelated mothers can impact on child ADHD symptoms, which increases conflict within families and hampers detection of the direction of causal factors. Future research should address the potential for a bidirectional relationship and remove the possibility of bias by including paternal parenting styles. 

3.5 Effects of Toxicity
Neurotoxins are poisonous and can cause irreparable damage to nerve tissue, particularly in foetus and very young children. Rodriguez-Barranco et al (2013) conducted a systematic review and meta-analysis to establish whether there was an association between child behaviour disorders and neurodevelopment with exposure to arsenic, cadmium and manganese. 41 articles were examined in a global study, incorporating children up to the age of 16 years. Exposure was measured in drinking water, urine, hair and blood samples.  The findings suggest there is a significant association between pre and post-natal, infancy and early childhood exposure to arsenic, cadmium and manganese and behaviour disorders and neurodevelopment. 

Liu et al (2014) conducted a cross-sectional study between 2009-2011 to ascertain whether a relationship exists between exposure to heavy metals such as lead, cadmium and manganese and child behaviour disorders. S100 calcium binding protein β (S100β) was also examined to establish whether it influences the synergistic effects of heavy metals. The unique study focuses on an e-waste recycling town in China, Guiyu. Participants consisted of 240 children aged 3-7-years, living within a 50-mile radius of the e-waste plant. Lead, cadmium and manganese levels were measured in blood samples and enzyme-linked immunosorbent were assayed to establish a relationship with S100β. The findings suggest a significant association between exposure to heavy meatal and child behaviour disorders such as ADHD and conduct problems. 

Rodriguez-Barranco et al (2013) conducted a thorough and robust methodological study. 6 reputable online databases were searched between January 2000 and March 2012 (see Appendix A). The inclusion and exclusion criteria were structured to include a wide range of relevant and viable articles (see Appendix B). 156 initial articles were identified, however, after filters were applied, 41 articles fulfilled the inclusion criteria: 18 studies investigated exposure to arsenic, 17 manganese and 6 cadmium. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist was used to assess the methodological quality of articles (STROBE Statement, 2018). Meta-analysis was used to pool results and summarize effects of exposure to arsenic, manganese and cadmium on neurodevelopment and behaviour disorders. Wechsler scale and linear regression methods were used to provide an effect size. A breakdown of study designs is included in Appendix D to highlight the extensive research conducted. 

Liu et al (2014) study inclusion criteria recruited children as previously mentioned, who were native to China and attended a nursery or school within the area of the e-waste centre. The exclusion criteria consisted of children diagnosed with various structural or chromosomal abnormalities, psychiatric disorders or an IQ below 80. Behaviour disorders were reliably assessed using questionnaires completed by parents and teachers and validated by Rutter’s child behaviour questionnaire (RCBQ), DSM-IV and Conner’s rating scales-revised (CRS-R). Written consent was provided by parents/guardians prior to blood tests and the study’s protocol was approved by the Human Ethics Committee of Shantou University Medical College. Liu et al (2014) used a variety of tests to provide statistical analysis which strengthens the significance of evidence presented: Spearman’s rank correlation, Mann-Whitney U test and independent sample t-test and multiple stepwise regression techniques. 

Rodriguez-Barranco (2013) produced influential data to suggest a significant association between neurodevelopment and behaviour disorders and exposure to arsenic, manganese and cadmium. The results reported an overwhelming amount of evidence to highlight a relationship between heavy metals and child behaviour disorders: 14 out of 17 articles on exposure to manganese,13 out of 18 articles on arsenic exposure and 2 studies on cadmium. Meta-analysis pooled outcomes indicate a 50% increase in arsenic levels resulted in a decrease of 0.5 Full Scale IQ and 50% increase in Manganese levels produced a decrease of 0.7 IQ. Although there were no reference values indicated for manganese levels in hair, measurement in blood and water indicate exposure at low levels to be significant. Evidence has been recorded in Appendix D (Effects of Toxicity) to emphasise the significance of results. 
 
Liu et al (2014) findings suggest a significant association between heavy metals and behaviour problems: ADHD, conduct problems, inattention, hyperactivity, anxiety and impulsivity. The prevalence of ADHD and behaviour disorder traits was 18.6% in Guiyu as opposed to 5.8%-9.9% in other regions in China. Samples collected from participants indicate exposure of lead, cadmium and manganese at both high and low levels are associated with behaviour disorder traits. 43.72% of participants also had higher levels of serum S100β, indicating the possibility of synergistic interactions causing heavy metals to influence behaviour problems. 

Several limitations were apparent within Rodriguez-Barranco et al (2013) review. Results for exposure to cadmium highlight a relationship between heavy metals and neurodevelopment and child behaviour disorder, however, too few studies were available for examination to strengthen the findings. While countries such as India, Mexico and Bangladesh presented a significant association between arsenic exposure and childhood disorders, these countries have naturally high levels of environmental arsenic which hampers the possibility of extrapolating the results to low level countries. Only 2 out of the 41 studies incorporated in the review focused on stratified sex. Further research in this area examining social differences of interactions during play in the environment would be of benefit as opposed to accepting biological characteristics between boys and girls. 

Limitations of Liu et al 92014) study centre around the study design. Data was collected cross-sectionally which limited the identification of when relationships between neurotoxic exposure and behaviour disorders developed. Clinicians were not involved to confirm children’s ADHD and behaviour problem diagnosis. Parents and teachers were heavily relied upon as informants of the participants behaviour symptoms which may highlight a possibility of bias. Interviews would have minimised the possibility of bias as opposed to questionnaires. However, the information collated is useful to indicate differences between cultures and countries.  Liu et al (2014) study was the first to provide evidence of an association with heavy metals and behaviour disorder at low level exposure. Similarly, this was the first study to indicate that serum S100β is also associated with heavy metals and child behaviour problems. Further research into S100β as a biomarker for brain damage may be important for future aetiology of ADHD and useful in laboratory research. 

3.5.1 Conclusion
In conclusion, the evidence produced by Rodriguez-Barranco (2013) and Liu et al (2014) highlight a significant association between exposure to heavy metals and neurodevelopment and child behaviour disorders. Measurements of arsenic, cadmium and manganese levels in blood, drinking water, urine and hair samples indicate both high and low levels of exposure are detrimental to the development of children’s brains pre and post-natal, during infancy and early childhood. Evidence highlights the importance of further research in laboratories using S100β as a biomarker for brain damage. The possibility of the synergistic interactions of heavy metals being more detrimental than individual exposure of metallic elements should also be considered. 
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4.1 Findings and gaps in literature 
Significant findings demonstrated in this review imply a synergistic interaction of biological, psychosocial and environmental factors as causal mechanisms for behaviour disorders. However, the extensive research conducted during this review highlights several gaps in literature which impedes the possibility of further influential evidence being reported. Jarick et al (2014) pioneering research has led to the discovery of the prevalence of rare CNV in children with behaviour disorders and proposes the possibility of further significant findings in this area. However, sample sizes limited the power of results and restricted further analysis from taking place. The discovery of rare CNV and several chromosomes associated with ADHD is essential to acquiring a deeper understanding and developing further knowledge, however, this is hampered by a lack of investigations. Similarly, Nordermeer et al (2016) also highlight a gap in literature regarding the association of how hot and cool EF are affected in children with ODD and CD. Research has emphasised there is a limited awareness of how particularly cool EF is influenced in those with behaviour disorders. Prior to Nordermeer et al (2016) study, hot EF was considered to be affected more so than cool EF. However, current research suggests that this is not necessarily the case and needs further investigation. The majority of previous research has focused on the link with only ADHD as it’s the most prevalent behaviour disorder. However, Nordermeer et al (2016) unique study has highlighted significant findings that will broaden current knowledge and raise further questions. 

Curran et al (2013) study suggested a clear association between C-section and ASD and ADHD. Evidence reported that children born by C-section had a different form of microbiota in their gut compared to those born by vaginal delivery. However, a lack of literature regarding stratification of types of C-section hampered opportunities to establish potential specific causes of ASD and ADHD. Future studies clarifying whether C-section was elective, emergency, primary or repeat would enhance knowledge and understanding of the association with behaviour disorders. Further research may decrease ambiguity and provide significant relationships in behaviour disorder associations with particular types of C-section. Stratification of types of C-section may highlight a heightened risk with primary as opposed to repeat, elective or emergency. Illness during pregnancy may extenuate the need for an emergency C-section, hindering identification of the causal factor of the association with behaviour disorders. Specific risk factors may be due to maternal illness as opposed to the actual performance of C-section. These issues warrant further investigation to stem the current gap in literature and provide a deeper understanding and broader knowledge.  

A strong association of environmental and psychosocial factors influencing behaviour disorders is presented, however, certain gaps in literature are highlighted. Although Murray et al (2013) present findings of an association between severe socioeconomic deprivation and conduct disorder, a lack of literature regarding females is apparent. Behaviour disorders are considered to be more prevalent among males than females, yet evidence reported by Murray et al (2013) highlighted two studies which suggested girls had a higher rate of conduct problems than boys. Based on the view of male prevalence, few studies stratified by sex have been carried out. Although Russell et al (2015) suggest a link between SES and ADHD, there is limited research into specific categories and levels of deprivation. More studies are needed in this area to substantiate the evidence provided and to ascertain if the findings are relevant to the general population. Harold et al (2013) report a clear association between maternal hostility and child impulsivity/activation which can develop into ADHD in later years. However, research regarding the influence of paternal ADHD symptoms on child impulsivity and activation is lacking even though ADHD is more common among males. Also, a lack of literature regarding the influence of paternal practices and child ADHD symptoms is limited. While Harold et al (2013) study indicates maternal hostile parenting practices can induce ADHD symptoms later in a child’s life, literature establishing if ADHD symptoms adopted in such situations are fixed or can be reversed by positive parenting techniques is lacking. 

Rodriguez-Barranco (2013) and Liu (2014) studies address the effects of developmental toxicity on behaviour disorders. Although a significant association of neurotoxicants is established, a lack of literature regarding the effects of cadmium exposure is apparent, which hampered further findings in their studies. Similarly, a lack of research into the significance of the synergistic interactions of heavy metals has not been previously studied. In addition to this, Liu et al (2014) highlighted the lack of availability of literature regarding the potential harm of exposure to metallic elements at low levels. Current literature focuses on the effects of exposure at high levels. Further research is essential in this area to provide significant literature to support future studies. 




4.2 Methodological weaknesses identified
Several methodological weaknesses were apparent during the extensive research conducted in this systematic review, namely heterogeneity due to unsuitable study design, inadequate sample sizes and lack of previous studies limiting comparability. Jarick et al (2014) findings were at times inhibited due to a potential bias in the degree of the specific CNV rate and small number of participants in comparison to control members. However, due to this weakness, results were not included but partially hampered the possibility of reporting a significance between CNVs and children with ADHD. A lack of data in Nordermeer et al (2015) study regarding cool EF and an association with ODD and CD in children inhibited findings to a certain extent, although highlighted the need for further research in this area. 

As previously mentioned, although Curran et al (2015) reported an association with C-section and ADHD, a lack of data clarifying the type of C-section performed, limited possibilities of indicating the precise causal mechanism. Latimer et al (2102) stated difficulties of controlling confounding variables when addressing relationships between environmental factors and behaviour disorders. However, identification of such issues is useful for ensuring future research employs larger population bases to enable clarity and stratification of variables.

 Although Murray et al (2013) clearly provided evidence to indicate an association between severe socioeconomic deprivation and conduct problems in Brazil, there were several flaws in the methodologies incorporated in the study. A lack of conformity within the study design created heterogeneity and diminished the persuasiveness of findings. Various informants were employed to complete questionnaires instead of incorporating interviews which evoked possible bias and a lack of research designs limited the identification of causal mechanisms. While stratification of sex was not integrated in the study design, two studies reported evidence of a higher prevalence of conduct disorders among females which highlighted an area for unique future research. Russel et al (2015) lack of stratification of SES added constraints to the generalizability of applying the association of social disadvantage and DBD to a larger population. Harold et al (2013) provided significant association of maternal hostility and child ADHD symptoms in later life. However, the initial measures used were not wide enough and omitted the influence of paternal hostility on child ADHD symptoms, even though ADHD is prevalent among males.

Although significant evidence was presented by Rodriguez-Barranco et al (2013) and Liu et al (2014) to highlight an association between neurotoxicants and behaviour disorders, a lack of data in areas limited the strength of the association. Few previous studies on the potential harm of exposure to cadmium made this part of the study weaker compared to findings on exposure to arsenic and manganese. However, although the lack of data was limited, enough evidence was reported to instigate further research taking place. Similarly, while there was an absence of information regarding dangers of synergistic interactions of heavy metals and exposure at low levels, findings reported were significant and essential to further studies. 

4.3 Overall conclusion
This review set out to answer the question are behaviour disorders caused by nature or nurture? The original aim intended to be based on findings in the United Kingdom (UK), however, as search strategies were employed, and results analysed, it became apparent that the vast majority of systematic reviews and journal articles most relevant to this study incorporated global studies. Therefore, the aim of this review was changed to incorporate global causal factors of behaviour disorders. The objectives created a clear structure for the review and were all achieved. However, the question posed covered an extremely wide area of literature which made the task of analysing and evaluating relevant studies challenging. The majority of studies concentrated on ADHD and the task of finding relevant studies on other behaviour disorders due to a lack of research, was often problematic and time consuming. However, the decision to keep to the original question and review a combination of disorders proved to be productive as unique studies were discovered. 

Overall, the articles examined in this review suggest an interplay occurs between biological, psychosocial and environmental factors as causal mechanisms for behaviour disorders. Jarick et al (2014) reported the detection of rare CNV such as PARK2 and chromosomes 16p13.11 and 15q13.3 in children with ADHD. Nordermeer et al (2016) reinforce the notion that biological factors influence behaviour disorders. Indications of hot and cool EF affected in the brains of children with ADHD, coupled with findings of 68 foci areas, denotes substantial evidence that biological factors are causal mechanisms of behaviour disorders. However, the significance of environmental/psychosocial factors is also presented in this review. Curran et al (2013) suggests there is an extensive association between ASD, ADHD and C-section as mode of birth delivery. Latimer et al (2012) state DBD are affected by early term birth and illness during pregnancy. A plethora of evidence is presented by Murray et al (2013), Russel et al (2015) and Harold et al (2013) to suggest that environmental/psychosocial factors such as SES, parent hostility and severe socioeconomic deprivation are on the causal pathway for behaviour disorders. Rodriguez-Barranco (2013) and Liu (2014) provide significant evidence of an association between heavy metals and behaviour disorders which suggests environmental risk factors have implications for behaviour disorders. Evidence of psychosocial and environmental risk factors is essential to treatment of behaviour disorders and suitable interventions. Medication currently offered to children has side effects that are detrimental to health and well-being, therefore opportunities for alternative treatment is encouraged by the reported findings. 

4.4 Recommendations
4 recommendations are suggested to improve future outcomes of children currently at risk of developing behaviour disorders. Clear indications of an association with behaviour disorders and psychosocial and environmental risk factors highlights a need for improved partnership working with schools, parents and social service agencies to inform improvements to government policies and increase funding. Evidence provided in this review emphasises the need to address socioeconomic deprivation issues such as SES and hostile parenting practices. The integration of programmes to enhance parenting skills within all schools should be implemented and carried out by trained staff. This would help reduce familial conflict, thus limiting the risk of an association between psychosocial and environmental risk factors and behaviour disorders. 
 
An increase in government funding to schools in socioeconomically deprived areas is highly recommended. The urgency for early detection of behaviour disorder symptoms and diagnosis is essential to limit the prevalence of disorders. Implementation of specific special education needs (SEN) training is required by all professionals who come into contact with children to ensure techniques and intervention plans are adequate and effective. Educators are ideally placed to detect traits such as impulsivity, inattention, aggression and anxiety in children from early childhood. An increment in school budgets would enable extra teachers to be employed and class sizes reduced. This is a realistic recommendation as highlighted by the Welsh Government who have recently declared an increase of £36 million to ensure 80 extra teachers and the building of new classrooms (Welsh Government (WG) 2018). Teacher training programmes must incorporate in depth knowledge and understanding of DBD to ensure teaching pedagogy is suitable for the needs of children. Children with behaviour disorders and conduct problems often have low educational levels and are involved in anti-social behaviour. This must be addressed to ensure young people leave school with basic qualifications to ensure employability and reduce youth crime rates. The current learning environments within schools must be challenged and adapted to suit the educational and behavioural needs of children with behaviour disorders. 

Further research into the association between specific types of C-section and behaviour disorders is also recommended due to an increase in rates of C-section as a mode of delivery. The evidence presented in this review emphasised the lack of data regarding whether C-sections were elective, emergency, primary or repeat. C-section as a mode of birth delivery will continue to be performed due to the necessity for emergency and repeat reasons, however, awareness should be raised of the heightened risk of association with ASD and ADHD for those electing to have C-section for personal benefit. Future research into this area should be conducted over a period of 10 years to gather substantial information which is up to date and relevant. The National Institute of Health and Care Excellence (NICE) (2018) and University of Oxford (2018) along with various other universities, offer clear guidance on best practices to conduct research. Funding costs would depend on the amount of data collected, the regions or countries included, and the amount of staff employed to carry out the research. 

Similarly, the association between exposure to heavy metals at low levels and behaviour disorders also warrants further investigation. Government safety levels need to be reviewed to address the potential harm of synergistic interactions of metallic elements at low levels. A lack of current studies into the synergistic interactions of heavy metals must be addressed to thoroughly investigate this claim. Future global research needs to focus on current findings of the dangers of low levels of heavy metals. WHO and ATSDR must consider the significance of recent evidence and apply new safety reference values to present global guidelines, improving on standards in LMIC in particular.  
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Appendix B
Dissertation Search Strategy 
Behaviour Disorders: Nature or Nurture?
Aim: To investigate the origins of behaviour disorders, considering the possibility of both biological and psychosocial causes.
Objectives: to describe the causes of behaviour disorders; to analyse evidence to support the theory for biological and psychosocial causes; to answer the question, does nature or nurture seem to have more of an impact on behaviour disorders?

	Date
	Database name
	Search Terms
	No. of Results
	Comments

	12/10/17
	Googlescholar
	‘Behaviour disorders+nature or nurture UK’
	17,500
	Relevant articles, general information, interplay between biological/psychosocial
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	‘Behaviour disorders uk’
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	Relevant articles, education, exclusions from school, lack of teacher training,
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	Links to biological/psychosocial/enviro
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	17,400
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	EBSCO
	‘Child and adolescent behaviour disorders+impact uk’
	16,800
	Links to family breakdown/crime/offenders

	22/10/17
	Googlescholar
	‘Child and adolescent behaviour disorders+systematic review uk’
	17,300
	Relevant Systematic reviews, toxicants, inherited genes, school system

	22/10/17
	EBSCO
	‘Child and adolescent behaviour disorders uk’
	17,300
	Increase in diagnosis, medication side effects

	22/10/17
	Googlescholar
	‘Child and adolescent behaviour disorders+meta-analysis uk’
	17,000
	Biomarkers/ disruptive behaviour, brain EF

	22/10/17
	Springer
	Child and adolescent adhd+ causes uk
	17,300
	Link to smoking/parenting

	22/10/17
	Taylor and Francis Online
	Child adhd symptoms+nature nurture uk
	9,800
	Impulsivity/risks/anger, relationships harmed, self- esteem damaged

	27/10/17
	Taylor and Francis Online
	Child behaviour disorders+ mental health uk
	17,000
	Cause and effect, bidirectional, causal mechanisms

	27/10/17
	Taylor and Francis Online
	Child and adolescent ODD+nature nurture uk
	17,500
	Difficulty with diagnosis,  importance of early test

	27/10/17
	Taylor and Francis Online
	Child and adolescent ODD+symptoms nature nurture uk
	17,200
	Comorbid/adhd, aggression, anti-social behaviour

	2/11/17
	Wiley
	Child and adolescent conduct disorder+causes uk
	17,700
	Environmental influences/parenting, smoking, alcohol

	2/11/17
	Wiley
	Child and adolescent behaviour disorder+environment uk
	16,800
	Links with family/school/funding/lack of funding

	2/11/17
	Wiley
	Child and adolescent behaviour disorder+environmental influences uk
	17,500
	Links with parenting/education system

	15/11/17
	Google Scholar
	Neurotoxics+behaviour disorders
	17,000
	Iron, cadmium, manganese, heavy metals, ASD, ADHD

	2/12/17
	Google Scholar
	Neurotoxics+ASD
	5,540
	Brain functions, heavy metals, low level exposure

	15/12/17
	Google Scholar
	Cadmium+behaviour disorders
	13,800
	Hair samples, reference levels, 

	20/12/17
	Google Scholar
	Arsenic+ODD
	8,360
	Genes damaged, oxidative stress, low levels, combined metals

	22/12/17
	Google scholar
	Maternal smoking+behaviour disorders
	2,560
	Pe-term /early birth/ SES/low education/ low income/ aggression

	22/12/17
	Google Scholar
	Social disadvantage+behaviour disorders
	6,040
	Poverty, bad parenting, low income, substance misuse

	29/12/17
	Google scholar
	C-section+ASD/ADHD
	6,370
	Increase in rates, microbiota, early term birth, ASD, ADHD

	29/12/17
	Google Scholar
	Parenting practices+behaviour disorders/ADHD/ODD/CD
	17,400
	Hostility, familial conflict, bidirectional relationship, influence on ADHD symptoms





Appendix C
Other information
Rodriguez-Barranco et al (2013) Inclusion/exclusion criteria
Rodriguez-Barranco et al (2013) conducted a thorough and robust methodological study. Online databases: PubMed, EMBASE, REPIDISCA, Lilacs, CNHAL and Institute for Scientific Information (ISI) Web of Knowledge, for publications between January 2000 and March 2012. The inclusion criteria incorporated original articles on humans in English, Spanish, Italian and French. Search terms included: child, infant, postnatal, prenatal, schools, neurodevelopment, behaviour, behaviour, intelligence, mental, cognition, ADHD, cadmium, manganese and arsenic. The exclusion criteria omitted case studies, literature reviews and questionnaires relating to maternal smoking and diet. 156 initial articles were identified, however, after filters were applied, 41 articles fulfilled the inclusion criteria: 18 studies investigated exposure to arsenic, 17 manganese and 6 cadmium. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist was used to assess the methodological quality of articles (STROBE Statement, 2018). Meta-analysis was used to pool results and summarize effects of exposure to arsenic, manganese and cadmium on neurodevelopment and behaviour disorders. Wechsler scale and linear regression methods were used to provide an effect size













Appendix D
Effects of Toxicity: significant evidence
According to the Agency for Toxic Substances and Disease Registry (ATSDR) (2011) arsenic is potentially the most harmful environmental substance to humans out of an extensive list of 275 elements.  The World Health Organisation (WHO) (2018a) recommend the reference value safe to humans is 10 µg/l in drinking water and 1 µg/h in hair, however, indications of much higher levels in children are prevalent worldwide (Rodriguez- Barranco et al (2013). Data collated from studies in China, Taiwan, Mexico, Bangladesh and India provide significant results to suggest an association between neurodevelopment and behaviour disorders and exposure to metallic elements. 13 out of 15 articles which focussed on arsenic found that children’s intelligent quotient (IQ) decreased by 0.5 in 5-15-year olds. Levels of arsenic in urine ranged from 51-117 µg/l and 118-194 µg/l in drinking water which is 10 to 20 times higher than reference levels recommended by WHO (2018a). One of the main sources of neurotoxicity from arsenic is oxidative stress which causes breaks in strands of deoxyribonucleic acid (DNA) (Grandjean and Landrigan, 2014). Arsenic effects receptors in the hippocampus which is essential to learning and memory, impacting on IQ (Grandjean and Landrigan, 2014)

According to ASTDR (2018) cadmium is seventh on the list of environmental elements potentially harmful to humans. Of the 6 studies which focused on cadmium, no evidence was found to suggest levels exceeded the normal range of 0.1-5µg/g in blood. 3 out of the 6 studies used exposure biomarkers to measure the presence of cadmium in hair, yet no recommendations of safe reference levels were stated. However, findings from a study conducted in China did detect 3µg/l in water which is double the levels deemed to be safe (WHO, 2018b). One out of the four studies focussing on an association between exposure to toxicants and neurodevelopment found a significant negative effect. Methodological quality (MQ) of the cohort study was high, consisting of 106 participants aged 4-5-year olds, and found patients had a much lower IQ than the controls. A second study in China considered to have high MQ also highlighted a significant effect between behaviour disorders and exposure to cadmium. 549 participants of a cross-sectional study aged 7-16-year olds found an association between 7.09µg/l in water with social and attention problems. A study conducted in United Emirate States (UES) stated a non-significant effect between exposure to cadmium and behaviour disorders, however, blood levels were omitted from the study. 

ASTDR (2018) states safe reference levels for traces of manganese in the blood are between 4-14µg/l, however, studies in Mexico and France detected much higher levels of 24.3µg/l and 38.5µg/l respectively. 14 out of 17 studies on exposure to manganese found a significant association with neurodevelopment and behaviour disorders. 13 of these studies had either high or medium MQ, which strengthens the evidence produced. 4 articles included in the meta-analysis found a significant association between manganese levels found in hair and low IQ. The studies were methodologically robust and without heterogeneity. For every 50% increase in levels of manganese found in hair samples, a reduction of 0.70 point was evident in Full scale IQ and a further decrease of -1.26 points in Verbal IQ. Evidence is clearly presented in a forest plot which highlights a significant association between manganese levels in hair and Full Scale, Verbal and Performance IQ. 
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