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Abstract
During the adolescent years substance use, anti-social behaviors and overweight/obesity are among the major public health concerns. We investigate if risk and protective factors associated with adolescent problem behaviors implicated in health are also associated with weight status in young Australian adolescents.

Data comes from the 2006 Healthy Neighbourhoods study; a cross-sectional survey of students attending primary (Grade 6, mean age 11) and secondary (Grade 8, mean age 12) schools in 30 communities across Australia. Adolescents were classified as not overweight, overweight or obese according to international definitions. Logistic and linear regression analyses, adjusted for age, gender, and socio-economic disadvantage quartile, were used to quantify associations between weight status (or BMI z-score) and the cumulative number of problem behavior risk and protective factors.


Prevalence of overweight and obesity was 22.6% (95% Confidence Interval [CI]: 21.2%-24.0%) and 7.2% (CI: 6.3%-8.3%). Average number of risk and protective factors present was 4.0 (CI: 3.7-4.2) and 6.2 (CI: 6.1-6.3). Independently, total number of risk factors present was positively associated with likelihood of overweight and obesity, while number of protective factors present was inversely associated with the likelihood of being above a healthy weight.  When both risk and protective factors were included in a regression model, only risk factors were associated with the likelihood of being overweight or obese. Average BMI z-score increased by 0.03 units with each additional risk factor present.

Prevention programs targeting developmental risk and protective factors in adolescents that reduce substance use and problem behaviors may also benefit physical health.
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Introduction
The increasing prevalence of obesity in children, adolescents and adults is a global public health problem likely to lead to rises in non-communicable diseases in the coming decades. It is now indisputable that overweight children and adolescents usually become overweight adults (Whitaker et al. 1997; Guo et al. 2000) and obesity is a cause of several health problems including hypertension, dislipidemia, non-alcoholic liver disease and orthopaedic, psychological, and social problems in both children and adults (Barlow and Dietz 1998).  Critical periods when individuals are at higher risk for the development of obesity have been identified (Dietz 1997) and early adolescence or, in particular, puberty is one of those times. 
Reviews have classified social developmental factors that predict adolescent behaviors into four domains of the community, school, family, individual and peer, reflecting the settings in which intervention may take place (Allen Consulting Group 2003; Hawkins et al. 1992). The Social Development Model (SDM) postulates that children adopt the beliefs and behavioural patterns of the social domain to which they have the strongest bond (Catalano and Hawkins, 1996).  Within the SDM the risk and protective influences within those social domains are taken into account to predict the likelihood that children will develop prosocial or antisocial behavioral patterns as they age.  Risk factors are social developmental characteristics such as poor family attachment, peers who use drugs and academic failure, that in longitudinal studies have consistently shown a predictive effects in increasing the likelihood of harmful drug use, crime, violent behaviors, school dropout and mental health problems among youth (Hawkins et. al. 1999, Bond et al. 2005; Toumbourou & Catalano 2005).  Alternatively, protective factors in the form of healthy opportunities, appropriate personal skills, recognition and social relationships that encourage healthy practices, exert a direct positive influence or buffer against the negative influence of risk, thus reducing the likelihood that young people will develop health and social problems (Hawkins et. al. 1992). 
Problem behavior theory (Jessor 1991) outlined the now well-established observation that adolescent health and social problems often co-occur in the same individuals and groups of adolescents such that adolescents exhibiting antisocial behavior have higher rates of substance misuse, sexual risk taking and mental health problems (Beyers et al. 2004; Bond et al. 2005; Hemphill et al. 2007; Loxley et al. 2005). A fundamental component of this commonality appears to be explained by shared determinants or risk and protective factors on which the SDM is based (Arthur and Blitz 2000).  Recently prevention planners have considered whether the social developmental determinants that are targeted in the prevention of adolescent problem behaviors may also be associated with obesity (Haines et al. 2007).  


Over the past 20 years the prevalence of adolescent obesity and the rates of other emotional and behavioral problems have both escalated in Australian youth (Eckersley, 2011).  A study of more than 1500 adolescents found that childhood obesity was associated with decreased levels of self-esteem and that obese adolescents with lower self-esteem were more likely to engage in high-risk behaviors such as smoking or consuming alcohol (Dietz 1998). Another study found the onset of alcohol misuse and smoking tend to co-occur with unhealthy eating and reduced participation in physical activity (Neumark-Sztainer 1997). More recently an association between health risk behaviors and overweight and obesity has been shown in youth (Farhat et al. 2010) and between heavy episodic drinking in adolescence and obesity in young adulthood (Oesterle et al. 2004). These findings suggests that adolescent obesity is associated with other problems in adolescents and indicates that these problems may potentially share common risk and protective factors for social development.


In our sample we confirm the associations between the cumulative number of risk factors identified through a self-report survey and substance use, antisocial behaviour and depression that were found in an earlier study of young Australians (Bond et al., 1999). We hypothesise that the SDM risk and protective predictors for adolescent problem behaviors will be associated with weight status amongst young Australian adolescents. 
Methods
Study design and sample 

The 2006 Healthy Neighbourhoods study was a cross-sectional community based school survey of young adolescents attending primary (Grade 6) and secondary (Grade 8) schools in three states of Australia (Victoria, Queensland, Western Australia). A two-staged sampling strategy (community and school) was used to select participating schools in 30 communities.


Australia is divided into Statistical Local Areas (SLA), for the purposes of census data collection, and each SLA is comprised of Collection Districts, which contain on average 220 households (Australian Bureau of Statistics 2001). A stratified random sample of 30 SLA communities (with at least 17,000 residents) was generated. Stratification was based on state (Victoria, Queensland, Western Australia), location (urban/regional) and level of socio-economic disadvantage (four levels; based on the 2001 Australian Bureau of Statistics (ABS) Socio-Economic Indexes for Areas (SEIFA) Index of Relative Socio-Economic Disadvantage) (Australian Bureau of Statistics 2003). If at least 50% of the population was living in a major city, the SLA was classified as urban.  The final sample included 8 communities in each of Queensland and Western Australia, and 14 communities in Victoria.


Within each of the selected SLA communities, primary and secondary schools were randomly selected so that they represented the distribution of the student population across education sectors (Government, Catholic and Independent). A Grade 6 and/or Grade 8 class of students was then randomly selected from each participating school to take part in the study.  Overall 86% (n = 483) of schools responded to the invitation to participate and 53% agreed; 59% at the Grade 6 level (n = 169) and 43% at Grade 8 (n = 85). The final number of participating schools was 164 and 82 in Grade 6 and 8 respectively. There was no difference in school participation rate by sector or state. If a school declined to participate in the survey another school from the same SLA and education sector was randomly selected. If there were no additional schools in the area, then SEIFA scores for contiguous SLAs were examined and additional schools were randomly selected from the contiguous SLA with the closest SEIFA score. 


Of the 15,666 consent forms distributed, 9,830 (63%) were returned and 885 (9%) refused consent. From those who provided consent 8,122 (90.8%) completed the questionnaire, and 7,473 (83.5%) had their physical measurements recorded.

Procedures 

Data were collected in school terms 3 and 4 (June – December) in 2006. The school survey consisted of a computer-based self-completed questionnaire and the measurement of height and weight. The questionnaire was designed to provide information on rates of health and social problems experienced by young people and, in addition, provide information on the developmental influences (risk and protective factors) that predict these problems.  The study was approved by the University of Melbourne Human Research Ethics Committee (Victoria), the Griffith University Human Research Ethics Committee (Queensland) and the Curtin University of Technology Human Research Ethics Committee (Western Australia). Approvals were also obtained from the relevant governing school authorities in each state.

Exclusion criteria 
Participants were asked ‘How honest were you in filling out this survey?’ and two questions were included about the use of a fictitious drug, “phenoxydine”. Students who responded that they used this drug on either or both questions and those that indicated that they were ‘not honest at all’ were excluded from the analyses (n = 92 (1.1%)). 
Measures - Obesity
Trained research staff measured the participants’ height (to the nearest 0.1 cm using rigid stadiometers (Invicta, Oadby, Leicester, UK: Code IP0955)) and weight (to the nearest 100g using digital scales (Tanita, Japan; Model THD-646)). BMI (kg/m2) was transformed to BMI z-scores using the 2000 Centers for Disease Control (CDC) growth reference (Kuczmarski et al. 2002). The sex- and age-specific BMI cut-points developed by the International Obesity Task Force (IOTF) (Cole et al. 2000) were used to classify participants into not overweight, overweight and obese categories.
Measures - Risk and protective factors 

Hawkins and Catalano (1992) identified a set of risk and protective factors which have been shown in longitudinal studies to predict alcohol and tobacco use and anti-social behaviors. These factors were incorporated into the Communities That Care youth survey instrument that is widely used in the US (Arthur et al. 2002) and has been adapted for use in Australia (Beyers et al. 2004; Hemphill et al. 2011) and other countries (e.g. Oesterle et al. 2012). Measures of 20 risk factors and 9 protective factors from this instrument were incorporated in the present survey (available online).  Briefly, there were 5 community risk factors measuring low attachment, disorganisation, transitions and mobility, laws/norms favourable to substance use and perceived availability of drugs; 5 family risk factors comprising conflict, poor management, history of substance use and parental attitudes to anti-social behaviour and substance use; 2 school risk factors addressing academic failure and low commitment and 8 risk factors associated with individuals/peers covering attitudes to anti-social behaviour and drug use, friends involved in antisocial behavior and drug use, perceived risks of drug use, rewards for antisocial behavior, rebelliousness and sensation seeking.  The 9 protective factors measured family attachment, social competencies, belief in ‘right’ and ‘wrong’ and community, school and family opportunities and rewards for pro-social involvement.

Risk or protective factors were assessed through completion of 2- to 9-item scales, where each item generated a score between 1 and 4. Responses to the items were averaged to give a mean score for each factor. Previous work has shown that although particular risk factors may be more highly associated with particular outcomes, the total number of factors present is a better predictor of overall risk/protection for a variety of health outcomes (Bond et. al. 2005).  We therefore dichotomised each score to indicate presence or absence of each risk/protective factor and then a sum of the total number of factors present was calculated. To determine the value at which each risk/protective factor score is predictive of poor outcomes in the future, we used data from the Australian adolescents (N=1,957) who participated in the longitudinal International Youth Development Study (IYDS, Hemphill et al. 2011).  The IYDS participants were of similar age to our study participants and had the same risk and protective factors measured in both Grade 7 and Grade 9.  Scores for each of the risk and protective factors were calculated for the IYDS students when they were in Grade 7.  The prevalence of binge drinking and low commitment to school two years later (when IYDS students were in Grade 9) was determined for each group of students with a specific Grade 7 score.  The cut-point score we adopted to dichotomise each risk factor for our study was the Grade 7 score above which the prevalence of binge drinking and low commitment to school two years later, was consistently greater than the average prevalence of those behaviors for the combined Grade 9 population sample.  Thus, the risk factor was considered present for all values that were associated with a higher risk for binge drinking and low school commitment two-years later compared with the population average. Conversely, cut-points for the protective factors were the scores in Grade 7 above which the prevalence of having the two outcomes in Grade 9 was lower than that for the entire Grade 9 population sample. Thus the protective factor was considered present for all values with a lower likelihood for binge drinking and low school commitment two-years later compared with the population average. The distribution of the 20 risk factors for the sample were used to create four categories of approximately equal size that represented no, low, medium and high risk (0-1, 2-3, 4-6 and 7+ risk factors respectively) and the distribution of the 9 protective factors was used to create three categories of approximately equal size that represented low, medium and high protection (0-5, 6-7, 8-9 protective factors).
Measures - Substance use

Four commonly used measures assessed substance use (Johnson et al. 2005); lifetime tobacco use, lifetime alcohol use, recent binge alcohol use and lifetime marijuana use. In separate questions the young person was asked if in their lifetime had they ever - smoked cigarettes; had more than a few sips of an alcoholic beverage (like beer, wine or spirits); used marijuana (pot, weed, grass)?  The response options for these questions were: ‘Never’, ‘1 or 2 times’, ‘3 or 4 times’, ‘6 to 9 times’, ’10 or more times’. Ever use of cigarettes, alcohol and marijuana was defined as having use the respective substance at least once. Participants were also asked ‘Think back over the last two weeks. How many times have you had five or more alcoholic drinks in a row?’ Binge drinking was defined as having five or more alcoholic drinks in a row, on at least one occasion, in the past two weeks. 
Measures – Antisocial behaviors

Adolescents were asked ‘how many times in the past year (12 months) have you: (i) been suspended from school’; (ii) stolen something worth more than $10’; (iii) attacked someone with the idea of seriously hurting them’. Response options ranged from Never to 10 or more times, on a 5-point scale. A dichotomous measure was created for each item: Never (i.e. behavior absent) versus 1 or more times (i.e. behavior present).
Measures – Depressive symptoms
The questionnaire included the Angold Short Moods and Feelings Questionnaire, a validated tool designed to identify individuals with depressive symptoms (Angold et al. 1995; Messer et al. 1995). Responses to the thirteen items (3-point rating scale) were summed to give a total score of between 0-26 and those who scored > 11 were considered to have depression. (Angold et al. 1995).

Statistical analyses
Characteristics of the sample, overall and by weight status (not overweight, overweight, obese), were described by using standard statistical summary measures.  Characteristics of the sample were compared to those adolescents not included (i.e. those with weight status available but missing risk and protective data) using chi2 tests.  We report prevalence estimates of overweight and obesity by (i) risk factor category (0-1, 2-3, 4-6, 7+ risk factors), and (ii) protective factor category (0-5, 6-7, 8-9 protective factors).  

A total of six logistic regression analyses were performed to assess the association between the risk of being overweight or obese and number of risk and/or protective factors present. The first logistic analysis (model 1) was performed on the sample of overweight and non overweight adolescents (i.e. the obese adolescents were excluded). The dependent variable was weight status (not overweight versus overweight) and the independent variable was risk factor category . The second logistic analysis (model 2) was performed on the sample of obese and not overweight adolescents (i.e. the overweight adolescents were excluded). The dependent variable was weight status (obese versus not overweight) the independent variable was number of risk factors present, as per model 1.  The third logistic analysis (model 3) was performed on the sample of overweight and not overweight adolescents; the dependent variable was weight status and the independent variable was protective factor category . The fourth logistic analysis (model 4) was performed on the sample of obese and not overweight adolescents; the dependent variable was weight status and the independent variable was number of protective factors present, as per model 3. The fifth logistic analysis (model 5) was performed on the sample of overweight and not overweight adolescents; the dependent variable was weight status and the independent variables were risk factor category and protective factor category. The final logistic analysis (model 6) was performed on the sample of obese and not overweight adolescents; the dependent variable was weight status and the independent variables were number of risk factors present and number of protective factors present (as per model 5). There was no evidence for an interaction between the number of risk factors and number of protective factors present. Adolescent gender, age and SEIFA disadvantage quartile were included as covariates in all six models. 

A linear regression analysis was performed to assess the association between BMI z-score (as a continuous variable) and number of risk factors present (as a discrete continuous variable) (model 7). Adolescent gender, age and SEIFA disadvantage quartile were included as covariates in this model. The resulting residuals versus fitted value plot indicated that the relationship between these two variables is linear. 

Prevalence of estimates of (i) substance use (alcohol, tobacco, marijuana) (ii) anti-social behaviours (stealing, attacking someone, suspended from school) and (iii) depression symptoms were calculated by total number of risk factors present (0-1, 2-3, 4-6, 7+). Mean BMI z-score was also calculated by total number of risk factors present.

Sample weights were calculated to adjust for differences between the final sample of students and the population, in terms of socio-economic disadvantage level and urban/regional location. Within each state (Victoria, Queensland, Western Australia), deciles of ABS SEIFA Index of Relative Socio-Economic Disadvantage score were determined and the proportion of the youth population within each state/SEIFA decile/location category was calculated. The proportion of the sample in each state/SEIFA decile/location category was then calculated and sample weights derived as the ratio of these two proportions.


For all analyses (presented in Tables 2, 3, 4, 5, and Figure 1), Taylor linearized variance estimation was used to obtain variances that account for the sample weights and the school clustering. Analyses were conducted using Stata release 11.0 (StataCorp, College Station, TX, USA, 2009).
Results
Risk and/or protective factor data and weight status were available for 7,214 (88.8%) young adolescents that took part in the 2006 Healthy Neighbourhoods study.  The demographic characteristics of the sample, overall and by weight status, are shown in Table 1. Due to differences in the age that students begin school in each state, the majority of the participants in the sample were 11 or 12 years old (80.0%) and a little over half were female (51.6%). Approximately one-quarter of the sample were in each SEIFA disadvantage quartile. There was no evidence for a difference in proportion of not overweight, overweight and obese young adolescents by age (p = 0.11) or by gender (p = 0.18), however, as well established in previous literature, the prevalence of overweight/obesity was highest amongst the most disadvantaged adolescents (p < 0.001).

The distribution of gender differed between the sample retained and those excluded from the analyses (p = 0.04). The proportion of females in the retained sample was 51.6%, and the proportion amongst those not included was 45.2%.  In addition, there was a difference in the distribution of adolescents within the SEIFA quartiles (p = 0.02). The proportion in the highest two quartiles retained in the analyses was 47.9%, and the proportion amongst those not included was 38.6%.

The prevalence of overweight and obesity was 22.6% (95% Confidence Interval [CI]: 21.2% and 24.0%) and 7.2% (CI: 6.3% and 8.3%), respectively and there were no difference in weight category distribution between males and females (p=0.18). The average number of risk and protective factors present were 4.0 (CI: 3.7 to 4.2) and 6.2 (CI: 6.1 to 6.3), respectively.  Mean number of risk factors was higher in males (4.5 CI: 4.27 to 4.81) than females (3.4 CI: 3.16 to 3.70) and males had a lower mean number of protective factors (5.9 CI: 5.75 to 6.00) compared to females (6.5 CI: 6.32 to 6.61)

Table 2 shows prevalence estimates of not overweight, overweight and obese adolescents by number of risk factors present, and the results of two logistic regression models. Results of model 1 (overweight versus not overweight) indicate that the presence of more than one risk factor increased the likelihood of being overweight. The likelihood of being obese tended to increase with the presence of more than three risk factors (model 2; obese versus not overweight).

Table 3 shows prevalence estimates of not overweight, overweight and obese adolescents by number of protective factors present, and the results of a further two logistic regression models. Results of model 3 (overweight versus not overweight) indicate that the presence of more than 5 protective factors slightly decreased the odds of being overweight. The presence of 6 or 7 protective factors decreased the odds of being obese by over 40%, whereas the presence 8 or 9 protective factors had no effect (model 4; obese versus not overweight).


Table 4 shows the results of two further logistic regression analyses (model 5 and model 6). Model 5 (overweight versus not overweight) and model 6 (obese versus not overweight) both include number of risk factors present (as a categorical variable) and number of protective factors present (as a categorical variable) together in the model. Regardless of the number of protective factors present, the likelihood of being overweight increased with the presence of more than one risk factor, while, the number of protective factors was no longer associated with the likelihood of being overweight once the number of risk factors were taken into account (refer to Table 4; Model 5). The likelihood of being obese increased with the presence of more than 3 risk factors, after adjustment for the number of protective factors present (refer to Table 4; Model 6).  Low to moderate numbers of protective factors (0-7) were not associated with the likelihood of being obese after adjustment for number of risk factors (refer to Table 4; Model 6).  Low to moderate numbers of protective factors (0-7) were not associated with the likelihood of being obese after adjustment for number of risk factors, however, those with high levels of protection (8-9 protective factors) had an increased likelihood of being obese after adjustment for risk factors.  Interactions terms between risk and protective factors were included in a model but these were not significant and therefore have not been reported.

As there are significant relationships between number of risk factors present and odds of being classified in a given weight category, it was of interest to see how risk factors related to incremental weight change. The results of the final linear regression analysis of BMI z-score on number of risk factors present are shown in Table 5 (Model 7). Average BMI z-score increased by 0.03 units with each additional risk factor present (p<0.001).

In an earlier Australian study that measured the same risk and protective factors a positive relationship was found for increasing risk and substance use and depression (Bond, et. al. 2005). Our data confirmed that an increase in the total number of risk factors is associated with increased use of alcohol, tobacco and marijuana and with depression (Figure 1a and 1c).  Increasing numbers of risk factors were also associated with increases in the likelihood of theft, physical violence (attacking someone) and being suspended from school (Figure 1b) and with increasing BMI z-score (Figure 1d).
Discussion
Principal findings
This study confirms previous research findings relating risk factors and health problems in young people.  Measures of the community, family, school and peer group environments in which young people develop and the relationships they experience within those domains affect the likelihood that an adolescent will engage in substance use or anti-social behavior and the cumulative number of risk factors is associated with depressive symptoms.  This is the first study to show that the cumulative total of those same risk and protective factor measures are also associated with the likelihood of being overweight or obese.   When considered independently, increasing numbers of risk factors are associated with increased likelihood of overweight and obesity, while protective factors are associated with a decreased likelihood of being above a healthy weight.  However, when both risk and protective factors are included in the same regression model, the protective factors no longer reduced the likelihood of being overweight, increased risk factors increased the likelihood of being overweight and high levels of protection and the number of risk factors were associated with increased likelihood of being obese. Substance use and anti-social behaviors are particularly elevated in those with more than seven risk factors, while the relationship between BMI z-scores and number of risk factors was linear (according to likelihood-ratio test).

The odds of being overweight or obese increased in all groups with risk factors present compared to those with no risk factors, however, wide confidence intervals were apparent around each group.  The results from a linear regression showed that although the incremental effect of each individual risk factor was small it was significant (Table 5). 


This study has a number of strengths including the large sample size and the socioeconomic distribution of the participants that mirrors the Australian population.   Trained research staff using standardised techniques objectively measured height and weight and the prevalence of overweight and obesity reflects that of other recent surveys.  Anonymous self-reported surveys (not parent-reported) were used to collect risk and protective data to encourage honest answers and questions were imbedded within the survey to check honesty.   Despite the close match between the socioeconomic distribution of the study sample and the Australian population, the study participants were only from three States and therefore may not be representative of all young Australians. Although obesity/overweight rates vary across ethnic groups, we were unable to adjust appropriately for this as the participants only reported their country of birth and not their ethnic origin.  The 9.3% of the sample born outside of Australia came from more than 75 different countries.  Our retained sample had a higher proportion of females and more students from the higher socioeconomic quartiles.  As females have lower mean risk and students from higher socioeconomic quartiles are less likely to be obese, the measure of the strength of the relationship between risk and overweight/obese may be conservative.  The cross-sectional nature of the survey does not allow temporal relationships to be examined, so we cannot demonstrate causal influence.
Interpretation in light of other studies

The influence of developmental risk and protective factors appears to remain relatively stable across different social and cultural contexts (Hemphill et al. 2011; Toumbourou and Catalano, 2005). The positive relationships of substance use, anti-social behaviors and depressive symptoms with number of risk factors and the inverse relationships between these outcomes and number of protective factors has been shown in adolescent populations in Australia (Bond et al. 2005), but how these risk and protective factors are associated with markers of physical health has not been previously considered.

The cross-sectional design of the present study cannot establish the causal direction of the present findings. Future longitudinal research could investigate whether risk factors precede elevated BMI and if so by what mechanism. The SDM would predict that elevated social developmental risk factors and depressed protective factors may reduce children’s bonding to health promoting family, school and community role models, leaving them vulnerable to health compromising peer behaviors and the marketing of unhealthy foods. It is possible that risk factors may work indirectly for example by increasing alcohol use that may then increase weight problems (Suter 2005; Oesterle et al. 2004) or by increasing depression and antisocial behaviors that may then reduce involvement in sport and active recreation (Brodersen et al. 2005; McCarty et al. 2009).).  Further research into the increased likelihood of obesity in those with high levels of protective factors (8 or 9), after adjustment for risk factors, is warranted.  There is little known about how parenting style influences an adolescents weight (Berge, et. al., 2010), but this may be related to obesity risk and to the levels of protection across the social domains.  

The mean difference in BMI z-scores for those with zero risk factors compared to those with four or more risk factors was over 0.3 BMI z-score units (Figure 1(d)).  A decrease of ≥0.23 in BMI z-score in overweight/obese adolescents in Norway was significantly associated with a reduction in insulin, total cholesterol, LDL and total/HDL cholesterol ratios, HOMA-IR and aerobic fitness; all important cardiovascular risk factors (Center for Disease Control, 2009) and, if maintained, extrapolates to the average participant achieving a reduction in adult BMI of 3 units according to the Centers for Disease Control BMI growth charts. Brown et. al. (2007) showed that for Australian women with a BMI > 29 kg/m2, a 3-unit reduction would result in incidence reductions of 7.3% for hypertension and 16.8% for diabetes. Thus, if reducing adolescent risk factors can be shown to be causally linked with a reduction in BMI z-score, there is the potential to significantly reduce lifetime weight related morbidity.    (Pollestad Kolsgaard et al. 2011)  A reduction of 0.3 BMI z-score units in obese pre-adolescents of 11 years of age equates to a drop of approximately 2 BMI units
Conclusions
Many interventions aimed at reducing adolescent overweight and obesity focus on nutrition and physical activity with little attention to other factors associated with healthy youth development (Doak et. al . 2006; Flodmark et. al. 2006; Stice et. al. 2006).  We have shown that common risk and protective factors for adolescent substance use and anti-social behaviors are also associated with unhealthy weight.  Interventions that target these factors may be useful strategies to improve other aspects of adolescent health.  Future longitudinal intervention studies aimed at reducing risk factors and increasing protective factors should also monitor BMI to determine the temporal relationships between changes in risk and weight status.  
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Table 1:  Demographic characteristics for overall sample (n = 7,214) and by BMI status1
	Characteristic
	Overall

n (%)2
	BMI status

n (%)3

	
	
	Not overweight
	Overweight
	Obese

	Age (years)4
	
	
	
	

	
	10
	562 (7.8)
	386 (68·7)
	122 (21.7)
	54 (9·6)

	
	11
	2,839 (39.4)
	2,023 (71·3)
	601 (21·2)
	215 (7·6)

	
	12
	2,928 (40.6)
	2,037 (69·6)
	688 (23·5)
	203 (6.9)

	
	13
	865 (12.0)
	613 (70.9)
	197 (22·8)
	55 (6·4)

	
	14
	20 (0.3)
	17 (85·0)
	3 (15.0)
	0 (0·0) 

	Gender5
	
	
	
	

	
	Male
	3,489 (48.4)
	2,472 (70.9)
	750 (21.5)
	267 (7.7)

	
	Female
	3,725 (51.6)
	2,604 (69.9)
	861 (23.1)
	260 (7.0)

	SEIFA disadvantage quartile6
	
	
	
	

	
	First (most disadvantaged)
	1,998 (27.7)
	1,322 (66.2)
	474 (23.7)
	202 (10.1)

	
	Second
	1,761 (24.4)
	1,252 (71.1)
	394 (22.4)
	115 (6.5)

	
	Third
	1,699 (23.6)
	1,199 (70.6)
	374 (22.0)
	126 (7.4)

	
	Fourth (least disadvantaged)
	1,756 (24.3)
	1,303 (74.2)
	369 (21.0)
	84 (4.8)


SEIFA, Socio-Economic Indexes for Areas
1 5,076 (70.4%) were not overweight, 1,611 (22.3%) were overweight and 527 were obese (7.3%); 2 Percentages by column; 3 Percentages by row; 4 Chi2 test: p = 0.11; 5 Chi2 test: p = 0.18; 6 Chi2 test: p <0.001.
Table 2: Estimated prevalence of not overweight, overweight and obese adolescents by number of risk factors; association between number of risk factors and weight status.
	
	
	Overall 

(n (%))1
	BMI status (%)2
	
	Odds ratio3 (95% CI)

	
	
	 
	Not overweight
	Overweight
	Obese
	
	Overweight vs not  overweight4
	
	Obese vs

not overweight5

	Number of risk factors
	
	Model 1
	
	Model 2

	
	0-16
	
	1829 (28.9)
	75.4
	18.6
	6.0
	
	1
	
	1

	
	2-3
	
	1689 (26.7)
	70.8
	22.5
	6.7
	
	1.29 (1.09-1.53)
	
	1.15 (0.84-1.59)

	
	4-6
	
	1,464 (23.2)
	78.1
	15.9
	6.0
	
	1.53 (1.26-1.85)
	
	1.46 (1.04-2.07)

	
	7+
	
	1,343 (21.2)
	71.6
	22.0
	6.4
	
	1.47 (1.20-1.80)
	
	1.44 (0.96-2.15)


1 Percentages by column; 2 Percentages by row; 3 Adjusted for sex, age and SEIFA disadvantage quartile; 4 n = 4,474 not overweight, n = 1,399 overweight; 5 n = 4,474 not overweight, n = 452 obese; 6 Designated reference category.

Table 3: Estimated prevalence of not overweight, overweight and obese adolescents by number of protective factors; association between number of protective factors and weight status.
	
	
	Overall 
(n (%))1
	BMI status (%)2
	
	Odds ratio3 (95% CI)

	
	
	 
	Not overweight
	Overweight
	Obese
	
	Overweight vs not  overweight4
	
	Obese vs

not overweight5

	Number of protective factors
	
	Model 3
	
	Model 4

	
	0-56
	
	2,619 (36.3)
	67.4 
	24.4 
	8.2 
	
	1
	
	1

	
	6-7
	
	2,151 (30.6)
	72.5 
	22.4 
	5.1 
	
	0.85 (0.74-0.99)
	
	0.58 (0.46-0.74)

	
	8-9
	
	2,362 (33.2) 
	71.0 
	20.9
	8.1 
	
	0.81 (0.70-0.94)
	
	0.95 (0.74-1.21)


1 Percentages by column; 2 Percentages by row; 3 Adjusted for sex, age and SEIFA disadvantage quartile; 4 n = 5, 018 not overweight, n = 1,594, overweight; 5 n = 5,018 not overweight, n = 520 obese; 6 Designated reference category.
	Table 4: Association between number of risk/protective factors and weight status.

	
	Odds ratio1 (95% CI)

	
	Overweight vs not overweight2
Model 5
	
	Obese vs not overweight3
Model 6

	Number of risk factors

	
	0-14
	1
	
	1

	
	2-3
	1.27 (1.07-1.51)
	
	1.26 (0.91-1.75)

	
	4-6
	1.50 (1.23-1.85)
	
	1.60 (1.12-2.29)

	
	7+
	1.45 (1.15-1.81)
	
	1.64 (1.07-2.56)

	Number of protective factors

	
	0-54
	1
	
	1

	
	6-7
	0.95 (0.79-1.15)
	
	0.73 (0.54-0.98)

	
	8-9
	1.00 (0.83-1.20)
	
	1.32 (1.00-1.76)


1 Adjusted for sex, age and SEIFA disadvantage quartile; 2 n = 4,416 not overweight, n = 1,382 overweight; 3 n = 4,416 not overweight, n = 445 obese; 4 Designated reference category.

Table 5: Adjusted coefficient estimate (with 95% Confidence Interval [CI]) for linear regression of BMI z-score on total number of risk factors present (Model 7; n = 6,324)
	
	
	Coefficient
	95% CI
	p-value

	Increasing number of risk factors present
	
	0.03
	0.02 to 0.03
	<0.001

	Male (cf. female)
	
	-0.01
	-0.07 to 0.06
	0.81

	Increasing age
	
	0.01
	-0.03 to 0.05
	0.53

	SEIFA disadvantage quartile
	
	
	
	

	    First (most disadvantaged)1
	
	
	
	

	    Second
	
	-0.10
	-0.19 to -0.01
	0.04

	    Third
	
	-0.13
	-0.23 to -0.04
	0.008

	    Fourth (least disadvantaged)
	
	-0.18
	-0.28 to -0.08
	0.001


1 Designated reference category.
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Figure 1: Estimated prevalence of a) substance use, b) anti-social behaviors, c) depressive symptoms, by number of risk factors present; d) estimated mean BMI z-score, by number of risk factors present.[image: image4.emf] 
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