Are all risks equal? Understanding the differential mechanism linking early environmental risk and obesity via the interplay of mental health and lifestyle factors
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Abstract
Background: The mechanisms linking early environmental risk (EER) and obesity via the interplay of mental health and lifestyle factors in the early life stage remain unclear. 
Objective: To examine whether EER was associated with later mental health, lifestyle factors, and obesity, and to identify the mediating roles of mental health and lifestyle in these relationships.
Method: Using data from the Millennium Cohort Study (valid N=5401), we longitudinally assessed the relationship between EER (prenatal risks, neonatal risks, low socioeconomic status, maternal psychological problems, and harsh parenting; 9 months to age 3), mental health problems in childhood (internalizing and externalizing problems; age 7), lifestyle factors in early adolescence (diet, exercise, smoking, and drinking; age 11), and obesity in late adolescence (age14-17). Structural equation modelling (SEM) was used to test proposed pathways. 
[bookmark: _Hlk215572352][bookmark: _Hlk215737145]Findings: The proposed model showed an acceptable fit (CFI=0.926, TLI=0.875, RMSEA=0.034, SRMR=0.046). EER was significantly associated with later mental health problems, lifestyle factors (i.e., diet, exercise, smoking), and obesity. Higher EER was modestly associated with higher obesity risk via the interplay of externalizing problems and drinking (β=0.01, p=0.036). The sex-stratified model results indicated differences between males and females.
Conclusion: By highlighting the importance of EER and the mediating role of lifestyle factors in mental health and later obesity risk, our findings provide evidence of shared risk mechanisms linking mental and physical health. 
Clinical implications: These findings suggest that integrating mental health assessment (especially externalizing symptoms) with routine screening for adolescent alcohol use and other risk factors could inform more targeted obesity prevention in clinical and public health settings.


What is already known on this topic
· Early environmental risk (EER) has been linked to both mental health difficulties and obesity risk later in life.
· Mental health problems and unhealthy lifestyle factors are known to contribute to obesity.
· Previous studies have often examined single risk factors or single pathways; however, the combined and differential mechanisms linking early environmental risk to later physical health, via mental health and lifestyle, remain unclear.
What this study adds
· Using a large representative UK birth cohort, our findings highlight a modest but significant pathway: EER increased obesity risk via the externalizing-alcohol drinking frequency pathway. The sex-stratified model results indicated differences between males and females.
How this study might affect research, practice or policy
· Our findings emphasize the need for early prevention strategies that integrate mental health and lifestyle interventions, guiding tailored clinical screening and informing public health policies to reduce long-term obesity burden.

Introduction
	The idea that physical and mental disorders are closely related has been continually explored since the observations of Aristotle and Hippocrates, and this co-morbidity has been shown to be prevalent across a wide range of mental and physical health problems, as evidenced by concepts, such as a general disease (d) factor 1 and frailty. 2 Broad associations between physical and mental conditions have recently been shown in adolescence, middle age, and old age. 1 The comorbidity between obesity and mental health has been well evidenced. 3 For instance, a prospective study from Norway found the longitudinal association between mental health conditions and obesity in adults. 3 
Obesity, as a key cardio-metabolic condition, is a major global public health concern and substantially increases the risk of cardiovascular diseases and diabetes, which remain among the leading causes of mortality worldwide. 4 The prevalence of obesity among children and adolescents has been increasing in recent decades and is emerging as a public health issue. 5 Evidence from a global sample suggests that the prevalence of obesity among children and adolescents increased approximately eightfold between 1975 and 2016. 5 In the Western world, the prevalence of overweight and obesity among children and adolescents tends to remain at a high level, as the prevalence of overweight (including obesity) was 31.7% among children in 2019. 6 
It is particularly concerning that many modifiable lifestyle risk factors that may increase the risk of obesity and related cardio-metabolic complications, such as unhealthy diet, physical inactivity, smoking, and alcohol consumption, are becoming increasingly prevalent among children and adolescents. 7 Meta-evidence emphasizes the benefits of healthy lifestyle behaviors, suggesting that lifestyle interventions are effective for the medium- to long-term prevention and treatment of obesity, with beneficial effects sustained for up to three years. 8 Importantly, an unhealthy lifestyle has been well identified as a risk factor for both mental and physical health, and vice versa. 7 9 Specifically, previous evidence showed that unhealthy lifestyle factors significantly increase the risk of obesity and mental health problems. 7 Moreover, individuals with mental health conditions tend to have less healthy lifestyles, which may contribute to obesity and related conditions. 9 One possible explanation is that these unhealthy behaviors may serve as coping mechanisms or reflect symptoms of the underlying mental health conditions. For example, major depression is related to more sedentary behavior and physical inactivity, 10 and individuals with attention-deficit/hyperactivity disorder (ADHD) often display impulsive behaviors, such as abnormal eating patterns and excessive screen time, which might contribute to obesity related risks. 11 However, while the associations between lifestyle, mental health, and obesity are well documented, limited studies have systematically explored how individual lifestyle factors influence these outcomes among children and adolescents or the mechanisms underlying these associations.
Across the field of health science, there is growing interest in the hypothesis that early environmental risk has a long-term effect on both mental and physical health. 12 Although the association between early distinct environmental risk factors and obesity has been well-established, 13 an understanding of their underlying mechanism is still lacking. Most previous studies have tended to focus on the effect of a single environmental factor (e.g., income) or a specific dimensional category of the environment (e.g., socioeconomic status) on obesity. 14 However, multiple factors typically contribute to obesity and related conditions. 15 Additionally, just as genetic risk factors are pleiotropic, obesity is unlikely to result from any single environmental exposure. Instead, it reflects the cumulative and interactive effects of multiple early environmental risks. 15 Thus, multifactorial and multi-pathway approaches are important to explore the underlying mechanism of early environmental risks on the development of obesity.
Thus, we used a large UK birth cohort to test: 1) whether early environmental risk is associated with later internalizing/externalizing problems, lifestyle factors (i.e., diet, exercise, drinking, and smoking), and obesity; 2) whether the interplay of internalizing/externalizing problems and lifestyle risk factors mediate the relationship between early environmental risk and later obesity.	
Methods
Sample
We analysed secondary data from the Millennium Cohort Study (MCS), which included more than 19,000 UK participants born between 2000 and 2002. 16 The study thus far collected 7 waves of data when the main participants were 9 months, 3, 5, 7, 11, 14, and 17 years old. In this study, we used data from Wave 1 (9 months), 2 (age 3), 4 (age 7), 5 (age 11), 6 (age 14), and 7 (age 17). Following MCS weighting guidance, 17 a sample of N=5401 (Female=2739, 50.7%) was used in the main analyses. Descriptive statistics for demographic information and included variables are shown in Table 1.                                                                                                                                                                                                                                                                                                                                                                                                                             
Measures
Early Environmental Risk
	Early Environmental risk domains were defined in line with a previous study on the MCS cohort. 18 Parents reported on four early environmental risk factor domains at the first sweep (age 9 months). All risk factors were dichotomised with “1” referring to high risk and “0” referring to low risk, and a cumulative risk factor score was created for each domain: 1) Prenatal risk factors, including smoking during pregnancy, maternal pre-pregnancy BMI, and blood pressure problems during pregnancy; 2) Neonatal risk factors, including early gestation, low birth weight, and lack of breastfeeding; 3) Socio-economic status-related factors, including overcrowding, housing tenure, low household income, low maternal educational level, and number of parents/caregivers; 4) Maternal mental health problems, including diagnoses of depression/anxiety and maternal distress. 
[bookmark: _Hlk215576965]Harsh parenting was measured at the second sweep (age 3) by 3 items of the Conflict Tactics Scale (i.e., how often do you smack/ shout/ tell off when your child is naughty). 19 Each item contained 6 possible responses: never, rarely, once a month, at least once a week, daily, and can’t say.  Except for the "can’t say" answer coded as a missing value, the rest of the answers were numerical. Harsh parenting was used as a continuous risk factor score. The Cronbach’s alpha was 0.65.
All the above risk factors have been found to be associated with obesity in previous studies (see details in online supplementary table S1).
Internalizing and externalizing problems
	Internalizing and externalizing problems were measured by the parent-reported Strengths and Difficulties Questionnaire (SDQ) 20 at age 7. The SDQ has shown good validity and reliability for identifying internalizing and externalizing symptoms across childhood and adolescence. 18 The SDQ includes five subscales: emotional problems, peer problems, behavioral problems, hyperactivity, and prosocial behavior. Each subscale contains 5 items rated on a three-point Likert scale from 0 (not true) to 2 (certainly true). The internalizing score is the sum of the emotional and peer scores, and the externalizing score is the sum of the behavioral and hyperactivity scores, with ranges of 0-20. Higher scores indicate more severe symptoms. Cronbach’s α for the five SDQ subscales in the valid samples ranged from 0.57 to 0.79.
Lifestyle risk factors
	Lifestyle risk factors were taken from the fifth sweep (age 11). Each lifestyle variable was measured by one self-reported item and included diet (i.e., how many portions of fruit per day), exercise (i.e., days per week participant does sport/exercise), smoking (i.e., have you ever tried a cigarette?), and alcohol use frequency (i.e., how many times have you had an alcoholic drink in the last 12 months?). The detailed information on each item is shown in Table 1. Higher scores indicate unhealthier lifestyles.
ADHD medication use
	ADHD medication use was reported by parents from the sixth sweep (age 14).
Obesity
	Obesity status was defined according to the International Obesity Task Force (IOTF) thresholds at the sixth (age 14) and seventh sweep (age 17). 
	The measurement waves for all variables can be found in the online supplemental table S2.
Statistical analysis
[bookmark: _Hlk215584644][bookmark: _Hlk215574811][bookmark: _Hlk215574860][bookmark: _Hlk221371140]Descriptive statistics were performed in SPSS.  Structural Equation Modelling (SEM) analyses were conducted using the lavaan package 21 in R version 4.2.2. As an estimator, Diagonally Weighted Least Squares (DWLS) was used to explore the proposed models. As the unweighted analytic sample differed from excluded participants on key baseline characteristics (see online supplementary table S3), all subsequent analyses were weighted in line with MCS guidance. 17 The details of the proposed model are shown in Figure 1. Before estimating the SEM model, we conducted a confirmatory factor analysis to support the use of early environmental risk as a single latent structure (Comparative Fit Index [CFI] = 0.940, Tucker–Lewis Index [TLI] = 0.880, Root Mean Square Error of Approximation [RMSEA] = 0.04, Standardized Root Mean Square Residual [SRMR] = 0.027). The SEM model examined the relationship between early environmental risk and internalizing/externalizing problems, which subsequently influence lifestyle risk factors (i.e., unhealthy diet, less exercise, smoking, and drinking frequency) and obesity. Given the association between ADHD medication and weight changes,22 we included ADHD medication use at wave 6 (age 14) as a control variable for obesity in the SEM (please see details in Figure 1). Additionally, domain-specific analyses for each of the five early environmental risk factors were conducted to explore whether the observed pathways varied across individual domains. Given sex differences in both mental health and obesity, we further conducted subgroup analyses stratified by sex.

Results
The SEM model 
The detailed results of the model are shown in Figure 2. It had an overall acceptable fit to the data (CFI = 0.926, TLI = 0.875, RMSEA = 0.034, SRMR = 0.046). 
For direct effects (online supplemental table S4), higher early environmental risk was significantly related to higher internalizing problems (β = .325, p<.001), higher externalizing problems (β = .417, p<.001), poor diet (β = .324, p<.001), less exercise (β = .350, p<.001), more smoking (β = .301, p<.001), and obesity (β = .411, p<.001). Higher internalizing problems were associated with less exercise (β = .097, p<.001). Higher externalizing problems were associated with healthier diet (β = -.053, p=.016), more exercise (β = -.053, p=.011), and more frequent drinking (β = .122, p<.001). For the association between lifestyle factors and obesity, more frequent drinking (β=.199, p=.006) was significantly associated with obesity. 
For indirect effects, higher early environmental risk was associated with obesity through externalizing problems and drinking frequency (β =.010, p=.036). Higher early environmental risks were linked to less exercise (β =.031, p<.001) through internalizing problems. Through externalizing problems, higher early environmental risk was significantly linked to a healthier diet (β =-.022, p=.021), more exercise (β =-.022, p=.015), and more frequent drinking (β =.051, p<.001). Higher externalizing problems were associated with obesity (β =.024, p=.034) via drinking. The detailed indirect effects can be found in the online supplemental table S5.
[bookmark: _Hlk221371513][bookmark: _Hlk221370882]Domain-specific analyses 	
Domain-specific analyses (online supplementary tables S7 & S8) indicated that the main indirect effect of early environmental risk on obesity via externalizing problems and increased drinking was driven by four out of five indicators, including prenatal risk (β =.003, p=.049), neonatal risk (β =.002, p=.040), SES (β =.004, p=.022), and maternal mental health (β =.003, p=.036), but not harsh parenting (β =.004, p=.057). Interestingly, the domain-specific analyses revealed an additional significant indirect effect of individual risk domains on obesity through psychopathology (internalizing and externalizing problems) and less exercise. This was significant for five and four risk factors, respectively; prenatal risks (internalizing: β = 0.001, p = .001; externalizing: β = 0.001, p = .005), neonatal risks (internalizing: β = 0.002, p < .001; externalizing: β = 0.001, p = .002), SES (internalizing: β = 0.002, p < .001; externalizing: β = 0.001, p = .056), maternal mental health (internalizing: β = 0.003, p < .001; externalizing: β = 0.001, p = .001), and parenting (internalizing: β = 0.002, p =.001; externalizing: β = 0.002, p =.002), but no such indirect effect was observed for the latent EER factor (internalizing: β = 0.001, p = .523; externalizing: β = -0.000, p = .523).
The sex-stratified SEM models 
	The SEM models demonstrated acceptable model fit for both males (Figure 3a; N=2662; CFI = 0.927, TLI = 0.876, RMSEA = 0.036, SRMR = 0.048) and females (Figure 3b; N=2739; CFI = 0.957, TLI = 0.926, RMSEA = 0.026, SRMR = 0.114). 
	For males (N=2662), higher early environmental risk was significantly associated with higher internalizing problems (β = .379, p < .001) and higher externalizing problems (β = .444, p < .001), as well as poorer diet (β = .355, p < .001), less exercise (β = .290, p < .001), smoking (β = .312, p = .006), and higher obesity risk (β = .414, p < .001). Higher internalizing problems were related to less exercise (β = .144, p < .001) and less frequent drinking (β = −.144, p < .001). Higher externalizing problems were associated with a healthier diet (β = −.111, p < .001) and more frequent drinking (β = .114, p = .015). Among lifestyle factors, more frequent drinking was linked to higher odds of obesity (β = .203, p = .044). For the indirect effects, higher early environmental risk was associated with less exercise (β = .055, p < .001) and less frequent drinking (β = −.054, p = .001) via internalizing problems. Through externalizing problems, higher early environmental risk was significantly associated with a healthier diet (β = −.049, p = .002) and more frequent drinking (β = .051, p = .017). Higher early environmental risk was associated with less obesity via poor diet (β = −.038, p = .043). 
	For females, higher early environmental risk was significantly associated with higher internalizing problems (β = .271, p < .001) and externalizing problems (β = .412, p < .001), as well as poorer diet (β = .299, p < .001), less exercise (β = .395, p < .001), more smoking (β = .465, p < .001), and higher obesity risk (β = .796, p = .016). Externalizing problems were positively associated with drinking frequency (β = .091, p = .030). Regarding the associations between lifestyle factors and obesity, more frequent drinking was significantly linked to obesity (β = .183, p = .040). The only significant indirect path was from higher early environmental risk to more frequent drinking via externalizing problems (β = .037, p = .033).
Discussion
By using a large prospective birth cohort, we explored the differential mechanism linking early environmental risk and obesity via the interplay of mental health and lifestyle factors. We identified the potential mediating relationship between early environmental risk and later obesity through externalizing problems and drinking frequency, demonstrating the underlying mechanism. Thus, our study provided an integrated view of the relationships among early environmental risk, mental health, lifestyle, and obesity.
[bookmark: _Hlk221371845][bookmark: _Hlk221371858]Interestingly, our findings indicate that EER indirectly influenced adolescent obesity through externalizing problems and drinking frequency. To provide a more intuitive metric, we calculated the Absolute Risk Difference (ARD), which showed a 0.2% increase in obesity risk via this pathway for each standard deviation (SD) increase in EER (95% CI: [0.000, 0.004]; p=0.042). Although small, this indirect effect remains meaningful at the population level. As expected, EER increased obesity via the externalizing-drinking pathway, consistent with the large body of literature implicating externalizing symptoms as a robust risk factor for frequent drinking in adolescence and problematic alcohol consumption later in adulthood. 23 Our findings also extend previous research suggesting that externalizing symptoms may comprise an independent risk factor for obesity 24 by demonstrating that frequent drinking during adolescence may comprise a potential mechanism through which externalizing symptoms convey an elevated risk of obesity. Notably, we also found that EER was indirectly associated with a healthier diet and more frequent exercise, alongside more frequent drinking, all via externalizing problems, suggesting an “inconsistent mediation” whereby externalizing problems are linked to both risk-enhancing (drinking) and potentially protective (physical activity, diet) lifestyle patterns. Subgroup analyses further indicated that mental health played a more complex role in linking EER to lifestyle behaviours in males than in females. Specifically, in males, EER showed a significant indirect association with lower drinking frequency via internalizing problems, whereas this pathway was not significant in females. Additionally, in males but not females, EER was indirectly related to a healthier diet via externalizing problems. This pattern is consistent with our descriptive analyses, which showed that males in this cohort showed higher levels of externalizing problems, but similar levels of internalizing problems compared with females (supplementary table S6). Among males, different mental health domains also played opposing roles in the EER–drinking pathway, with internalizing problems associated with lower drinking frequency and externalizing problems associated with higher drinking frequency. These findings may also reflect gendered norms around early adolescent drinking, whereby males with externalizing difficulties are particularly likely to engage in peer-related alcohol use. 25 Internalizing symptoms (e.g., depression and anxiety) of children are commonly associated with social withdrawal, 26 which likely limits their exposure to peer drinking contexts and reduces opportunities for alcohol-related experiential learning.  These contrasting pathways highlight the need for tailored interventions: screen and reduce early alcohol use among externalizing youth and promote more exercise among internalizing youth. The heightened obesity risk conveyed by the externalizing-drinking pathway suggests that youth presenting to treatment services for externalizing problems should be screened for alcohol use, and the obesity and related risks of those who report frequent drinking should be monitored to ameliorate the obesity risk. It is interesting that the indirect effect of early risk on obesity via psychopathology and reduced exercise was significant only in the domain-specific risk analyses, but not in the latent EER factor analysis. While the factor was supported by an acceptable model fit, the correlations between risk domains were very modest (online supplementary table S9). This may have limited the extent to which the latent factor captured domain-specific variation relevant to this pathway. The finding is well supported by previous literature demonstrating a negative association between mental health and exercise,9 and between reduced exercise levels and obesity.27
Not unexpectedly, our study found that early environmental risk factors (i.e., prenatal, neonatal, SES, maternal mental health, and parenting style) have a significant impact on later mental health (i.e., internalizing and externalizing problems), lifestyle factors (i.e., diet, exercise, smoking), and obesity, which are consistent with previous studies. 12 13 28 The importance of early environmental risk to mental health and lifestyle patterns has been highlighted by prior research. For example, meta-evidence showed that adverse childhood experiences are associated with mental illness, addictive behavior (i.e., smoking), and lifestyle patterns (i.e., physical inactivity). 28 Furthermore, previous meta-evidence has also well identified the association between adverse childhood experiences and obesity. 28 Although the present study does not reveal the underlying biological mechanisms behind these, a possible explanation based on previous research is that childhood environmental risks may lead to changes in the hypothalamic-pituitary-adrenal (HPA) axis, which in turn increases the vulnerability to health conditions. 29 In addition, chronic inflammation, as a consequence of childhood adversity, contributes to adverse effects on later health. 29 Consistent with this notion, a seven-cohort study further demonstrated that both prenatal and neonatal risk factors contribute to early childhood overweight, highlighting the long-term impact of maternal environmental exposures on child health. 30
Strengths and limitations
[bookmark: _Hlk215587652][bookmark: _Hlk215402616][bookmark: _Hlk215589563][bookmark: _Hlk215588931][bookmark: _Hlk215578172][bookmark: _Hlk215585249]The strengths of the present study included extensive longitudinal measurements and a large sample size. Another strength lies in our use of the subgroup analysis to explore the potential sex differences. There are still several limitations in our study. First, most of the measurements (e.g., health conditions, lifestyle factors) used in the current study were self- or parental-reported, recall bias and social desirability may affect the objectivity and accuracy of the data. Thus, more objective measured data (e.g., e-health records, biomarker data) should be used in future studies. Second, due to the missing data and attrition, the unweighted sample represents only a subsample of the original cohort, differs from excluded participants on several baseline characteristics (online supplemental table S3), and is predominantly White British. We applied non-response weights in our analyses to partially account for the sampling design and differential attrition, but this pattern of selection and limited ethnic diversity may still likely cause selection bias and restrict the generalizability of our findings, particularly to more socioeconomically disadvantaged and ethnically diverse populations. Thus, the observed associations should be interpreted with caution and need to be replicated in more diverse cohorts. Third, because sufficiently comparable measures of sleep (e.g., sleep duration and quality) were not available in the current data, and several symptoms of internalizing disorders (e.g., depression) overlap with sleep difficulties, sleep was not included as a separate lifestyle factor in our model. Finally, although we adjusted for ADHD medication use in our model, many unmeasured factors (e.g., school environment, puberty-related changes) may still have confounded the pathways examined. Future research should include more detailed measurements to replicate and extend these findings.
Conclusion
[bookmark: _Hlk215572442][bookmark: _Hlk215737300]In conclusion, using a large birth cohort, we found a modest but significant association between early environmental risk and obesity via the interplay of externalizing problems and drinking frequency. Our findings highlighted the importance of early environmental risk to later mental health and obesity, as well as lifestyle, suggesting the existence of potential shared risk factors for co-morbidities between mental and physical diseases. The mediating role of different lifestyle factors found here indicates an underlying mechanism between mental health and obesity, which suggests more effective interventions to improve overall health by addressing lifestyle factors linking both domains.
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Table 1. Frequencies of Early Environmental Risk Factors, Lifestyle Factors, and Health Conditions.
	 
	Mean (SD)/ N (%)
	Range/ Risk item

	Early environmental risk
	
	

	Prenatal Score
	0.51 (0.65)
	0-3

	— Smoking in pregnancy
	846 (15.7%)
	Yes

	— Maternal pre-pregnancy BMI
	1601 (29.6%)
	BMI>24.9

	— Antenatal blood pressure
	327 (6.1%)
	Diagnosed

	
	
	

	Neonatal Score
	0.33 (0.58)
	0-3

	— Gestation
	331 (6.1%)
	<37 weeks

	— Birthweight
	256 (4.8%)
	<2.5 kg

	— Breastfeeding
	1204 (22.3%)
	None

	
	
	

	Socioeconomic Status Score
	0.83 (1.09)
	0-5

	— Housing tenure
	701 (13.0%)
	Social House/ Renting from LA

	— Household crowding
	280 (5.2%)
	More people than rooms

	— Household income
	1006 (18.6%)
	Below 60% median poverty indicator

	— Maternal educational level
	2024 (37.5%)
	NVQ<3

	— Number of parents/caregivers
	476 (8.8%)
	Only one

	
	
	

	Mom Mental Health Score
	0.34 (0.59)
	0-2

	— Depression/anxiety
	1209 (22.4%)
	Diagnosed

	— Maternal distress
	607 (11.2%)
	RMI>=4

	
	
	

	Parenting Score
	9.46 (2.28)
	3-15

	— Smacking
	1.93 (0.89)
	1-5

	— Shouting
	3.4 (1.15)
	1-5

	— Telling off
	4.13 (0.91)
	1-5

	
	
	

	Lifestyle factors
	
	

	Diet
	2547 (47.2%)/ 1392 (25.8%)/ 1183 (21.9%)/ 279 (5.2%)
	Above three/ Two /
One/ None (portion fruit/day)

	Exercise
	599 (11.1%)/ 536 (9.9%)/ 955 (17.7%) / 1202 (22.3%)/ 1080 (20.0%) / 82 (1.5%) / 947 (17.5%)
	Five or more/ Four/ Three/ Two/ One (days a week)/Less than once a week/ Not at all

	Drinking
	4780(88.5%)/ 458 (8.5%)/ 106 (2.0%)/ 35 (0.6%)/ 17 (0.3%)/  
2 (0.0%)/ 3 (0.1%)
	0/ 1-2 /
3-5/ 6-9/
10-19/ 20-39/
40 or more times

	Smoking
	5322 (98.5%)/ 79 (1.5%)
	Never/ Ever

	
	
	

	ADHD medication use
	48 (0.9%)
	

	
	
	

	Obesity
	560 (10.4%)
	IOTF thresholds


Note. BMI= Body Mass Index; NVQ= National Vocational Qualifications; RMI= Rutter Malaise Inventory
Figure 1. Tested SEM Model.

Note. SES= Socio-economic status; MH=Mental health; EER= Early environmental risk; Int= Internalizing problem; Ext= Externalizing problem; ADHD medication use was allowed to correlate with EER and Ext.

Figure 2. SEM model with standardized path coefficients (N=5401).

Note. Model fit: CFI=0.926, TLI=0.875, RMSEA=0.034, SRMR=0.046; SES= Socio-economic status; MH=Mental health; EER= Early environmental risk; Int= Internalizing problem; Ext= Externalizing problem; Red lines represent positive and significant paths; Blue lines represent negative and significant paths; Dashed lines represent insignificant paths.  ADHD medication use was allowed to correlate with EER (r = .393, p < .001) and Ext (r = .387, p < .001).


Figure 3. SEM model with standardized path coefficients stratified by sex.   

Note. SES= Socio-economic status; MH=Mental health; EER= Early environmental risk; Int= Internalizing problem; Ext= Externalizing problem; Red lines represent positive and significant paths; Blue lines represent negative and significant paths; Dashed lines represent insignificant paths.  ADHD medication use was allowed to correlate with EER (r = .415, p < .001) and Ext (r = .398, p < .001). (a) Male (N=2662). Model fit: CFI=0.927, TLI=0.876, RMSEA=0.036, SRMR=0.048. ADHD medication use was allowed to correlate with EER (r = .415, p < .001) and Ext (r = .398, p < .001). (b) Female (N=2739). Model fit: CFI=0.957, TLI=0.926, RMSEA=0.026, SRMR=0.114. ADHD medication use was allowed to correlate with EER (r = .783, p < .001) and Ext (r = .198, p < .001).
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