Malocclusion and peer relationships in schoolchildren aged 10 to 14 in the UK: a cross-sectional study.
Abstract
Introduction: This was a cross-sectional observational study carried out in 16 schools in South-East of the U.K. based on geographic location and agreement to participate aiming to investigate the relationship between malocclusion and peer relationships in 10 -14-year-old schoolchildren.
Methods: Peer relationships, self-esteem and oral health related quality of life (OHRQoL) were measured using 3 questionnaires: Loneliness and School Dissatisfaction Questionnaire, Rosenberg Self-Esteem Scale and the Malocclusion Impact Questionnaire (MIQ).  The aesthetic impact of malocclusion and orthodontic treatment need were assessed using the Index of Orthodontic Treatment Need, Aesthetic Component (IOTN AC). 
Results: Complete data was collected for 698 participants. Schoolchildren with a definite need for orthodontic treatment (IOTN AC 8-10) reported higher levels of loneliness (p = .036), lower OHRQoL (p < .001) but there was no difference in self-esteem compared to those with IOTN AC score 1-7. The relationship between the malocclusion and loneliness was fully mediated through OHRQoL (p < .001) and moderated by self-esteem in girls so that mediation was evident in individuals with low and average self-esteem but not high self-esteem. In boys as there was no direct relationship between malocclusion and loneliness, mediation did not occur. 
Conclusions: A significant relationship was found between malocclusion and peer relationships in girls, and this was moderated by self-esteem. 


Introduction
The social world of the adolescent is complex. As they progress through childhood into adolescence, they move from their family and care givers taking a central role in their lives to being under greater influence of their peers1. It is also a period of great physical and emotional change when many seek and undergo orthodontic treatment2,3. While much work has investigated how malocclusion impacts on oral health related quality of life (OHRQoL), particularly in patients referred for orthodontic treatment, relatively little is known as to whether having a malocclusion impacts on an individual’s peer relationships4,5. 
Peer relationships are interpersonal relationships established and developed during social interactions among peers or individuals with similar levels of psychological development6. Development of peer relationships starts during infancy7 and continues in the pre-school period in the form of play and prosocial activity8. As the child enters school and moves away from parental influence, peer relationships play an ever-increasing role in psychological and moral development, both in the physical and digital worlds9.
Peer relationships are crucial for children’s healthy psychological development.  A core aspect is peer acceptance, which is the extent to which a child or adolescent is socially accepted by their peers10. Higher levels of peer acceptance are associated with higher levels of academic achievement, better self-esteem and less loneliness11-15. Good peer relationships also lead to a reduction in depressive symptoms16. Low peer acceptance, rejection and social exclusion have been found to be related to higher levels of social anxiety, loneliness, depression, psychological maladjustment, poor academic achievement, school dropout, and poorer quality of life17-22. 
Peer relationships are shaped by a wide range of factors, both individual and environmental23. The majority of research has focussed on social behavioural factors (e.g. prosocial or aggressive behaviour) as predictors of peer acceptance. This is in line with the social information processing model in which a child’s social interactions are seen to be dictated by their understanding and interpretation of others behaviour24.   Popular individuals tend to show high levels of prosocial behaviour, while peer rejection is related to low levels of prosocial behaviour and high levels of aggression25. Peer relationships and acceptance are also influenced by other factors such as socioeconomic status and academic achievement26. Self-esteem is positively correlated with peer relationships, being reciprocal in nature with good peer relationships predicting high self-esteem and vice versa14,27,28. In adolescence self-esteem has been shown to influence perceptions of quality of social support and size of social networks29. Therefore, while peer relationships are important in shaping the development of self-esteem, equally self-esteem influences the quality of these relationships.
Personal attributes such as appearance are important in peer relationships, with both children and adults deemed as attractive by their peers having greater sociometric status, being treated more positively and eliciting more positive social judgements30-32. In turn this leads to more positive psychological and social outcomes and better mental well-being for those individuals deemed as attractive33-35. Children and adolescents deemed unattractive in terms of physical appearance, dress and behaviour are more at risk of peer rejection, social exclusion and victimization 25, 36-38. Indeed, physical appearance is also one of the main reasons cited for being a victim of bullying in adolescents and young adults39. Concerns about physical appearance have been shown to result in appearance-based rejection sensitivity, avoidance of social interactions and greater feelings of loneliness40-42.
Dentofacial aesthetics are an important determinant of attractiveness and impact on social perception and interaction43,44. This relationship begins in childhood and is cross-cultural45,46 good dental aesthetics being related to better psycho-social outcomes and more positive social judgements in both children and adolescents47-54. One of the main reason adolescents and young adults seek orthodontic treatment is the belief that having straight teeth and nice smile will improve social perceptions and interactions55-57.
Differences in these relationships have been reported for gender. A stronger relationship has been found between appearance, body image concerns and peer relationships in adolescent girls than boys58-60. Girls have been found to be more negatively impacted by malocclusion than boys55,61-65. This should be viewed in the context of females also reporting lower levels of self-esteem than males66. Taking all these factors into account, gender and self-esteem may well influence the relationship between malocclusion and peer relationships. 
While the questionnaires used to measure OHRQoL do include items on friendship and social embarrassment in specific relation to an individual’s teeth and oral health, the question remains, does a child or adolescent with an aesthetically handicapping malocclusion find it harder to make friends and therefore feel lonelier and does this relationship differ based on other factors such as gender and self-esteem? The aims of this study were therefore to investigate in a non-clinical sample of school children:  
1.  Whether there is a relationship between malocclusion and peer relationships 
2. Whether this relationship differs based on gender and whether it is moderated by self-esteem 
The null hypothesis being tested was that malocclusion and peer relationships are unrelated. 

Methods
Study design and setting
A cross-sectional observational study was undertaken using participant questionnaires and a clinical examination, investigating the relationship between an aesthetically handicapping malocclusion, OHRQoL, peer relationships and self-esteem children aged 10 -14 years.  The study was carried out in schools in the South-East of the U.K. It formed part of a larger study looking the relationship between malocclusion, peer relationships and bullying67. Ethical approval was obtained from the London-Surrey Research Ethics Committee (no. 17/LO/0791)
Participants
Participants were recruited from schools in the South-East of the U.K. Schools were approached based on geographic location for practicality of data collection and demographics with the aim to select students for a wide range of ethnic and socio-economic status (SES) backgrounds to ensure as broad and representative sample as possible . 
The inclusion criteria were: 
-    Children and young people aged 10 – 14 years old as this is the age when most orthodontic treatment is carried out
-    Children and young people who consented to take part.
-  Children and young people who were able to complete the questionnaires with or without assistance. 
The exclusion criteria were:
· Craniofacial syndromes and cleft lip and palate.
· Children and young people who were unable to complete the questionnaires with or without assistance.
Schools were initially contacted by e-mail/letter, outlining the aims and objectives of the study, the practical implications of the research and what it would involve. This was then followed up by a telephone call. If a school showed an interest in being involved the research team visited the school and gave a presentation explaining the purpose and nature of the study. Once a school agreed to participate, a letter was sent to the parents/guardians of all students in the relevant school years with information on the study for both the parents/guardians and the students plus a consent form. Students who were consented by their parents/guardians were invited to participate in the study including those who were undergoing orthodontic treatment. The list of consented students was shared with the schools and mutually suitable dates were arranged for the research teams to visit the schools and collect the data. 
Data sources and measurement
The data was collected on two separate visits to each school. Initially, a team of psychologists from the Universities of Goldsmiths and Kent went into the school and administered the questionnaire, either via physical copies or online using Qualtrics (Qualtric XM, Provo, Utah USA), dependent on the school’s preference. Before completing the questionnaire, each consented student was asked to fill out an assent form to confirm they still wanted to participate in the study. Information on ethnicity was collected using the global categories used in the 2011 UK census68. The questionnaires took between 20 and 30 mins to complete and this was done in a quiet area (classroom or computer room) under the supervision of two research assistants who could provide assistance on process or understanding of the questions but were careful not to guide or coerce the participants. The questionnaires were all worded for young people aged between 10 and 14 years of age. 
Approximately, a week later the consented students were invited to undergo a clinical examination, prior to which they were again asked to fill out an assent form to confirm they were still happy to proceed. This was again carried out at the schools on each student separately in a suitable room provided by the school.
Recruitment commenced in December 2017 and finished in December 2019. 
Peer relationships
This measure was based on the Cassidy and Asher’s Loneliness and School Dissatisfaction Questionnaire69. A shortened version of the original Loneliness and School Dissatisfaction Questionnaire using 10 of their original 25 items was used. This has previously been described by Rutland et al.70 The 10 items selected from the original measure were chosen as they had the highest loadings on the single factor found by Cassidy and Asher69. The study participants were presented with 10 questions relating to their feelings of loneliness at school (eg “Do you have lots of friends at school?’, “Do you feel left out of things at school?”), to which they responded on a 4-point scale (1 = not at all, 2 = a little bit, 3 = quite, and 4 = very much). Items 2, 4,5 8 and 9 were reversed scored.  Average  scores were created, higher scores indicating higher levels of perceived peer acceptance and lower scores indicating higher levels of loneliness. In the current study, internal reliability measured using Cronbach’s ɑ coefficient was 0.847. 
Oral health related quality of life
The impact of the malocclusion on OHRQoL was measured using the Malocclusion Impact Questionnaire (MIQ)71,71. This is a condition-specific questionnaire that has previously been shown to have good internal consistency and construct validity and is a robust and valid measure of the impact of malocclusion73,74. It consists of two global questions ‘Overall, how much do your teeth bother you?’ and ‘Overall, how much do your teeth affect your life?’ This is followed by a 17-item questionnaire. The response format for the two global questions is a 5-point severity scale and is scored from 0 = ‘Not at all’ to 4 = ‘Very much’. The 17-item questionnaire consists of questions starting ‘Because of the way my teeth look…….’ or ‘Because of the way my teeth meet………’, the responses consisting of a 3-point severity scale depending on whether an item does not affect them at all, affects them ‘a bit’ or affects them ‘a lot’ for negatively worded questions (e.g. ‘Nervous’, ‘Shy’). For positively wording questions the scoring is reversed, 0 = ‘very’ or ‘a lot’; 1 ‘a bit’ and 2 = ‘don’t’ for (e.g. ‘Happy’, ‘Good looking’, ‘Confident’). The scores for each of the 17 items are added together to obtain a total score, the minimum score being 0 and maximum score being 34; higher scores indicate great impact of the malocclusion and poorer OHRQoL. In the current study internal reliability measured using Cronbach’s ɑ coefficient was 0.905. 
Self-esteem
Self-esteem was measured using the Rosenberg Self-Esteem Scale75. This is a 10-item scale that measures global self-worth by measuring both positive and
negative feelings about the self. All items are answered using a 4-point Likert scale format ranging from strongly agree to strongly disagree, with several items being reverse scored. Average scores were created, the higher the score, the higher the self-esteem (see https://socy.umd.edu/about-us/using-rosenberg-self-esteem-scale). In the current study, internal reliability measured using Cronbach’s ɑ coefficient was 0.871. 
Malocclusion
Each participant also underwent a clinical examination. This was carried out by a consultant orthodontist (AD), calibrated in the use of the Index of Treatment Need (IOTN), in the presence of a dental nurse. The participant was seated, and the mouth was illuminated with an angle-poised lamp, allowing the examination to be undertaken using a dental mirror and ruler.  The IOTN Aesthetic Component as assessed by the consultant orthodontist and was used to measure the impact of the malocclusion on the patient’s dental aesthetics76. Treatment need was defined according to Richmond et al.77 :1- 7 no need/borderline need for treatment and grades 8 – 10 a definite need for treatment.  It was also recorded whether a participant was currently undergoing orthodontic treatment.
71 (9.4%) of the participants randomly selected by a member of the teaching staff underwent a second clinical examination either at the end of the same day or on the last day of the visit if the clinical data was collected over more than one day. This was carried out the same examiner (AD) to assess intra-examiner reliability which was measured using weighted kappa for the numeric ordinal IOTN Aesthetic component (AC) repeated scores. The weighted kappa using linear weighting for intra-examiner reliability for IOTN AC was 0.90 (95% CI:0.86 – 0.95). 
Sample Size
This study formed part of a larger study that included collecting data on the incidence of bullying67. The sample size was based on an expected incidence of bullying between 5% and 20% and therefore the sample size was set at 1000 to recruit a minimum of 50 participants who reported being bullied78.
Statistical analysis
Stage 1: 
Descriptive statistics were calculated for all measures including socio-demographic characteristics and the study variables specifically age, gender and ethnicity. Normality of data was tested using the Shapiro-Wilk test. This showed that data for loneliness was not normally distributed (W = 0.897, p <0.001). Therefore, differences in reported levels of loneliness, OHRQoL and self-esteem were tested between the groups using Mann-Whitney U test for two groups and Kruskal-Wallis where there were more than two groups. 
To assess the relationship between malocclusion and loneliness the cohort was dichotomised based on the IOTN AC score: 1- 7 (no need/borderline need for treatment) score 8-10 (definite need for treatment)77. Mann-Whitney testing was used to test for differences in levels of loneliness, self-esteem and OHRQoL reported between the two groups. The sample was also dichotomised into orthodontic treatment /no orthodontic treatment, and Mann-Whitney testing was again used to test for differences in loneliness, self-esteem and OHRQoL between the two groups. 
Stage 2:	
Based on the hypothesis that there was a relationship between malocclusion and loneliness, and this was influenced by the OHRQoL, mediation analysis was used to test this. A mediation model seeks to identify and explain the mechanism or process that underlies an observed relationship between an independent variable and a dependent variable via the inclusion of a third hypothetical variable, known as a mediator variable. In the model tested (Model 1), OHRQoL was entered as the mediator of the relationship between malocclusion (predictor) and loneliness (outcome)79. The three pathways included in the model were:
a pathway malocclusion           OHRQoL
b pathway OHRQoL          loneliness 
c’(c-prime) pathway malocclusion          loneliness. 
Stage 3:
The moderating effect of self-esteem was then tested on all three pathways. A moderator is a third variable that affects the strength of the relationship between the dependent and independent variables. 
Stage 4:
Finally, a moderated mediation model (Model 2) was tested including the following variables:
Malocclusion – predictor
Loneliness  - outcome
OHRQoL – mediator
Self-esteem - moderator 
As the Shapiro-Wilks test showed the sample had not been generated from a normal distribution for loneliness (W = 0.897, p <0.001), to allow for this bootstrapping was carried out with 1000 resamples, bias corrected.
Data was inputted into a SPSS version 27.0 (SPSS Inc., Chicago, IL, USA). Data input was carried out in pairs: one researcher entered the data while the other cross-checked for accuracy to try and reduce transcription errors. All statistical testing except the repeatability testing was undertaken using JAMOVI (Version 2.3.21.0). The mediation pathways were tested using the jAMM module in JAMOVI80. Listwise deletion was carried out for missing data meaning complete case analysis was undertaken. The repeatability testing was carried out in SPSS 27. 

Results 
53 schools were initially approached, of which 16 agreed to take part. There were 8 primary schools (age 5 to age 11) and 8 secondary schools (age 11 to age 18). All the primary schools were mixed state schools i.e. there was no selection criteria based on gender or academic achievement. Two of the secondary schools were selective grammar schools that selected based on an entrance examination, one mixed and one single sex (girls only).  The other 6 were non-selective, 5 being mixed sex and one single sex (girls only). ‘Single sex’ is the term used by this schools’ Local Education Authority to refer to schools that historically educate either male or female pupils.
In total 948 participants were recruited, representing a 25% response rate from the potential recruitment pool of 3,750. Of these 768 completed the questionnaires and 755 underwent a clinical examination, a complete data set (with both questionnaire and clinical examination completed) was available for 698 participants (Fig 1). 
 Initial analysis
Table I shows the scores for loneliness, self-esteem, OHRQoL, malocclusion and orthodontic treatment, and the statistical differences across gender, age and ethnicity. This shows that there were no significant differences for loneliness, self-esteem and OHRQoL scores based on age or ethnicity. For gender, there was no difference for girls or boys for loneliness, but girls reported significantly lower levels of self-esteem (H = 18.93, p < .001) and OHRQoL (H = 13.25, p = .001) than boys which were statistically significant.
For self-esteem, there was no difference between the groups IOTN AC 1-7 and IOTN 8-10. However, there were statistically significant differences between the two IOTN-AC groups for loneliness: participants in the IOTN AC 1-7 group reported lower levels of loneliness than those in IOTN-AC 8-10 group (U = 26642, p = .036). The participants in the IOTN-AC 8-10 group also reported greater impact of their malocclusion on OHRQoL (U = 21623, p <.001). There was no difference in reported loneliness, self-esteem or OHRQoL between the participants undergoing orthodontic treatment and those not in treatment (all p values > .05).
Mediation analysis
We tested for a mediating effect of OHRQoL on malocclusion predicting loneliness (Table II). Analysis indicated full mediation, with the a path (malocclusion         OHRQoL) (B = .27, p < .001) and the b path (OHRQoL         loneliness) (B -.04, p <.001) being significant but the direct path not being significant (B = .01, p = .694) (Table 2). The mediating path (malocclusion        OHRQoL         loneliness) (B = -.11) was significant, p < .001, as was the total effect (B = -.09, p = .014). This implies that any effects of having a malocclusion on peer relationship and loneliness are through the impact of the malocclusion on OHRQoL. 
Moderation analysis
Self-esteem was shown to moderate the relationship between malocclusion and OHRQoL (Table III). A significant main effect was found between malocclusion and OHRQoL (b = .84, p < .001) and between self-esteem and OHRQoL (b = -3.927, p < .001). There was a significant interaction found by self-esteem on malocclusion and OHRQoL (b = -.245, p = .045). This moderating effect was evident for low, average and high self-esteem (Table IV).  
Self-esteem was shown to moderate the relationship between malocclusion and loneliness (Table V). A significant main effect was found between malocclusion and loneliness (b = -.02, p = .004) and between self-esteem and loneliness (b = .28 p < .001). There was a significant interaction found by self-esteem on malocclusion and loneliness (b = .02, p = .04). This moderating effect was evident for low and average self-esteem but not for high self-esteem (Table VI).  
Self-esteem was shown to moderate the relationship between OHRQoL and loneliness (Table VII). A significant main effect was found between OHRQoL and loneliness (b = -.013, p < .001) and between self-esteem and loneliness (b = .21, p < .001). There was a significant interaction found by self-esteem on OHRQoL and loneliness (b = .01, p = .015). This moderating effect was evident for low and average self-esteem but not for high self-esteem (Table VIII).  
Moderated mediation analysis
Table IX and Figure 2 show the moderated mediated pathway with standardised coefficients for three levels of the moderator, self-esteem.  As with Model 1, this indicates that any effects of malocclusion on loneliness are fully due to the mediating effects of OHRQoL. In addition, self-esteem was found to be a significant moderator meaning that, for participants with high self-esteem (+ 1 SD), OHRQoL did not significantly affect loneliness. However, in participants with average or low self-esteem (- 1SD), OHRQoL was found to significantly affect loneliness. This would imply self-esteem acts as protective factor on the impact of malocclusion on OHRQoL and of OHRQoL on loneliness – individuals with high self-esteem report having less impact of their malocclusion and less loneliness. 
Moderated mediation analysis per gender
It was then explored whether the above moderated mediation would be evident among males and females separately. In order to test this, the above moderated mediation was repeated for girls (N = 421) and boys (N = 275), splitting the data per gender and running two separate analyses. Table X and Figure 3 show the moderated mediated pathway, with standardised coefficients for three levels of the moderator self-esteem for females. Mediation occurred at low (mean – 1SD) and mean levels of the moderator but not at high levels (+ 1SD). This showed that in females any effects of malocclusion on loneliness are fully due to the mediating effects of OHRQoL. In addition, self-esteem was found to be a significant moderator, meaning that for females with high self-esteem OHRQoL did not significantly affect loneliness. However, in females with average or low self-esteem, OHRQoL was found to significantly predict loneliness. 
Table XI and Figure 4 show the moderated mediated pathway with standardised coefficients for three levels of the moderater self-esteem for males. No mediation occurred as there was no relationship between the independent variable (malocclusion) and the dependent variable (loneliness) without considering the mediator (OHRQoL).
Therefore overall, the moderated mediation models showed that in girls that in individuals with low or average self-esteem having a malocclusion, had a greater impact on OHRQL which in turn was associated with higher levels of loneliness but not for those with high self-esteem. In these individuals while having a malocclusion did still impact on OHRQoL this did not translate into greater feelings of loneliness. In boys while again malocclusion impacted on OHRQoL for all levels of self-esteem, there was no effect on loneliness. 

Discussion
In this study we looked at the relationship between having a malocclusion and peer relationships, and the impact that self-esteem has on this, based on the hypothesis that having an aesthetically handicapping malocclusion can lead to greater feelings of isolation and loneliness from an individual’s peer group. We did indeed find such a relationship: a higher level of loneliness at school was reported by 10-to-14-year-olds with a more aesthetically handicapping malocclusion as measured using IOTN-AC. Malocclusion also had a relationship with OHRQoL as measured using the MIQ, but not with self-esteem. There were gender differences, girls reported significantly greater negative impact of their malocclusion on OHRQoL and lower self-esteem scores than boys but there were no significant differences for loneliness. There were no significant differences found for age or ethnicity. 
Exploring these relationships further using path analysis, a moderated mediation pathway was tested. This showed that, for girls, there was a moderated mediation pathway with the relationship between malocclusion and loneliness being fully mediated through OHRQoL in individuals with low and average self-esteem but not high self-esteem. In boys there the relationship between malocclusion and loneliness was not statistically significant and therefore no moderated mediated pathway was found. 
Limitations 
As this was a cross-sectional study, while it showed there is a relationship between malocclusion and peer relationships, it cannot determine causality. Future research should therefore adopt a longitudinal design, to determine whether there is indeed a causal relationship between these key variables and its direction. The original plan in this study was to follow up the sample of schoolchildren to investigate whether the relationship between malocclusion and peer relationships changed with time during a period when many of participants would have undergone orthodontic treatment. Unfortunately, this was impacted by the Covid 19 pandemic meaning only a limited second data set was collected which is not reported here. Therefore, the results should be treated with caution as while they show there is a relationship between malocclusion and peer relationships causality cannot be determined without longitudinal data81.
Schools were contacted based both on geographic location for convenience of data collection and demographics to attempt to collect as representative sample as possible. However, there were a larger number of females than males in this study. This was due to nature of the schools that consented to take part and purely coincidental. If there had been a more equal distribution of males and females this overall main effect may not have been evident although the gender specific effects would still have been present.  
 As this study formed part of a larger study that included collection of data on bullying this may have influenced the type of school that participated, possibly encouraging involvement of schools with robust anti-bullying policies67. As bullying is negatively related to peer relationships, this may in turn influenced the sample. Similarly, as this study involved an examination by an orthodontist it may have encouraged individuals with a malocclusion to attend as they may have seen it as a way of accessing treatment resulting in selection bias. Data was collected on two separate occasions, which in part may having resulted in some of the missing data due to non-attendance on one of the days. However, looking at the incidence of malocclusion and orthodontic treatment need in the sample analysed in this study it does appear to be similar to that reported previously for the U.K. hopefully making it representative of the broader population3.
The aesthetic impact of malocclusion was measured in this study using clinician recorded IOTN AC. We did not record participant self-assessed IOTN AC. It would therefore have been interesting to collect these as they may have given a greater insight into the impact of malocclusion and its relationship to peer relations. We would recommend any future research in this field records both scores. 
MIQ as a measure of OHRQoL does include two questions on whether the appearance of an individual’s teeth causes them to worry about making friends and fitting in, possibly representing some degree of multi-collinearity with the Loneliness and School Dissatisfaction Questionnaire used as a measure of peer relationship. However, bivariate correlation shows that while these questionnaires have a relationship, they are in fact measuring different things (r = -.40).  
Interpretation and comparison with other studies. 
The results of this study suggest that having an aesthetically handicapping malocclusion does impact negatively on peer relationships in girls with average or low self-esteem, being associated with higher levels of loneliness.  This same relationship did not exist for boys. This may be in part due to the stronger relationship between attractiveness and peer relationships that has previously been reported in girls58, 60. Other attributes such as muscle mass and athleticism appear to be more important to adolescent boys when it comes to body dissatisfaction and peer relationships59,82. It should be noted however that the effect sizes and correlations found in girls in this study whilst statistically significant are small. This would indicate while appearance and malocclusion may play a role in forming peer relationships, other factors are involved as previous research has indeed shown23.
Girls in this study reported a higher impact of malocclusion on OHRQoL. A similar gender difference in relation to OHRQoL has previously been reported61-65. This may reflect the higher levels of body dissatisfaction and lower physical self-esteem generally found in adolescent females compared with males83-86. It is also explained further by the results of this study which would indicate the presence of an aesthetically handicapping malocclusion has a greater negative social impact in girls than boys.
Girls in this study also reported lower levels of self-esteem than boys. This is in line with previous research that has shown adolescent males typically report higher levels of global self-esteem than females66,87. This difference persists into adulthood, narrowing in old age88. Self-esteem appears to be a relatively stable psychological construct that follows a predictable pattern throughout life88. The average levels increase in childhood, plateaus or drops in adolescence (particularly in girls) and then increases gradually throughout adulthood, declining sharply in old age 87,88.  
In this study self-esteem was found to moderate the relationships between malocclusion, OHRQoL and loneliness.  This supports the model described by Wilson and Cleary that proposes that health-related quality of life is influenced by factors beyond the clinical, both environmental and individual, the latter including emotional and psychological factors89. Indeed, it has previously been reported that psychosocial factors have a greater influence on OHRQoL than the malocclusion itself, including age, gender, psychological well-being, general body image, self-esteem, social economic status and overall life satisfaction64,90-98. 
Previous work on the relationship between self-esteem and objective measures of malocclusion has been contradictory, with some findings consistent with the present study and finding no direct relationship99,100, while others find a relationship particularly in females101,102. This may be in part related to the distinction between global, state and trait domain self-esteem103. Global self-esteem refers to an individual’s overall evaluation of self and is related to personal beliefs about skills, abilities and social relationships. Meanwhile state self-esteem relates to an individual’s self-evaluation at a particular moment due to a specific situation. Domain self-esteem relates to an individual views themselves in relation to specific attributes. While global self-esteem has been found to be unrelated to malocclusion, self-esteem related specifically to an individual’s dentition as a domain, does appear to relate to malocclusion100.
In this study, we measured global self-esteem which, while it had no direct relationship with malocclusion, had a significant relationship with OHRQoL.    Previous work has also shown a relationship between self-esteem and OHRQoL104,105. Children and adolescents with higher self-esteem tend to report less impact of their malocclusion on OHRQoL94. 
Generalisability
The non-clinical sample used in this study was taken from a wide range of schools in the South-East of the U.K. The levels of malocclusion and orthodontic treatment reported are similar to those previously reported in the U.K.3.  Further the gender differences found between girls and boys in relation to self-esteem and OHRQoL are supported by previous research61-65. This would indicate that the sample is representative of the broader population.  The novel finding reported in this study of an association between malocclusion and poor peer relationships especially in girls should be therefore be applicable to 10-to 14-year-old school children in the U.K. and other countries with similar education systems.  
This potentially has important implications in relation to the provision of orthodontic treatment, particularly at a time when the mental health of adolescents and young people is of such concern106. The assessment of the severity of malocclusion and the need for treatment, and indeed the availability of treatment in health systems that are publicly funded, fails to take into account these factors and can potentially deny treatment to those who may benefit most.  While we may struggle to find meaningful direct health benefits of orthodontic treatment and indeed long-term psychological benefits, it may be that the main benefits are social107-109. By treating an aesthetically handicapping malocclusion it potentially could result in reducing embarrassment and social anxiety and the feeling of loneliness that these invoke resulting in improvement in peer relationships and greater peer acceptance which in turn leads to better psychosocial outcomes110. This requires further investigation. 

Conclusions
1. In 10-to-14 year old school children in the South-East of the U.K. higher levels of loneliness were reported in participants with an aesthetically handicapping malocclusion with a definite treatment need (IOTN AC > 7). They also reported a greater impact on their OHRQoL as measured by the MIQ, but no difference in the levels of self-esteem compared to participants with a less aesthetically handicapping malocclusion with no need/borderline need for treatment (IOTN AC < 8). 
2. Girls reported lower levels of self-esteem and greater impact of malocclusion on OHRQoL. 
3. The relationship between malocclusion and loneliness was fully mediated through OHRQoL and moderated by self-esteem in girls with low and average self-esteem. No moderated mediation pathway for this relationship was present in boys. 
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Figure legends
Figure 1: flow diagram showing participant screening and recruitment. 
Figure 2: Standardised regression coefficients for the relationship between malocclusion and loneliness as mediated by OHRQoL for three different levels of moderator, self-esteem.
Figure 3: Standardised regression coefficients for the relationship between malocclusion and loneliness as mediated by OHRQoL for three different levels of moderator, self-esteem for females.
Figure 4: Standardised regression coefficients for the relationship between malocclusion and loneliness as mediated by OHRQoL for three different levels of moderator, self-esteem for males.
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