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ABSTRACT

Background: Childhood cognitive ability may have protective effects against internalizing symptoms in adolescence, although this may depend on the time of symptom assessment and child gender. Also, the effects of childhood stressors on adolescent internalizing symptoms may be moderated by childhood cognitive ability.
Methods: The sample included 4,405 individuals from the Canadian National Longitudinal Study of Children and Youth (NLSCY). Between ages 4-5 and 10-11, children completed a test of verbal ability and scholastic aptitude and a series of mathematics computation tests. Internalizing symptoms were assessed via self-reports at ages 12-13 and 14-15. 
Results: Greater cognitive ability was generally associated with decreased odds of internalizing symptoms at age 12-13. However, greater cognitive ability generally increased, or had no effect on, the odds of internalizing symptoms at age 14-15. Some of the effects of childhood cognitive ability varied by child gender. Also, childhood cognitive ability attenuated the effects of family dysfunction and chronic illness throughout childhood on subsequent internalizing symptoms. 
Limitations: These data are largely subject to some degree of reporting bias, the tests of cognitive ability are limited and may not represent overall cognitive ability, and there may be intermediary variables that account for the relationship between childhood cognitive ability and adolescent internalizing symptoms. 
Conclusion: Results suggest that programs attempting to increase early cognitive skills may be particularly beneficial for girls. Also, an increased focus on cognitive skills may attenuate the negative effects of some stressors on subsequent anxious and depressive symptoms, regardless of child gender.
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1. INTRODUCTION

	Feelings of anxiety and depression, or internalizing symptoms, are among the most common psychiatric problems experienced by adolescents (Costello et al., 2005). Although most individuals will not meet diagnostic criteria for clinical anxiety and mood disorders, the presence of internalizing symptoms have nevertheless been shown to increase the risk for subsequent psychiatric disorders (Pine et al., 1999, Ashford et al., 2008). Moreover, anxious and depressive disorders have been shown to represent a significant economic burden to society (Greenberg et al., 1999, Greenberg et al., 2003). The identification of risk and protective factors for internalizing symptoms is therefore an important first step in the prevention of psychiatric disorders in young people. 
One possible protective factor against the development of internalizing symptoms is childhood cognitive ability, a concept synonymous with general intelligence (Ek et al., 2013, Woodward et al., 2012, Bruni et al., 2012, Trippas et al., 2013) and involving skills such as problem solving, memory, and verbal ability (Vernon, 1971, Ashton et al., 1979, DeFries et al., 1979, Sass et al., 1995). Evidence suggests that child and youth internalizing symptoms are associated with a deficit in cognitive functioning. For example, children with social phobia have been shown to have certain types of memory deficit (Vasa et al., 2007), and may also have a greater amount of neurodevelopmental delay (Kristensen and Torgersen, 2008) as compared to other children. Children with greater internalizing symptoms also tend to have more difficulty with various cognitive tasks such as those involving problem solving (Emerson et al., 2005). Moreover, lower IQ has been associated with greater depression, especially in young adult men (Zammit et al., 2004, Rabbitt et al., 1995), and children with anxiety disorders tend to have lower IQ scores than non-anxious children (Hodges and Plow, 1990, Davis et al., 2008, Kristensen and Torgersen, 2008). 
These findings suggest that children experiencing higher levels of anxiety and depression should have more difficulty in academic settings. There is some evidence of an educational gradient in depression, possibly resulting from differences in cognitive ability (Lee, 2011). Indeed, academic performance has been negatively associated with symptoms of anxiety and depression in children (Cole, 1991, Lin et al., 2011, Rapport et al., 2001). In addition, both academic competence in adolescence and high school completion are negatively associated with symptoms of anxiety and depression in young adulthood (Masten et al., 2005, Topitzes et al., 2009), and early academic achievement lowers the odds of persistently high levels of depression throughout adolescence and young adulthood (Stoolmiller et al., 2005). In contrast, other research suggests that educational attainment in early adulthood is associated with greater internalizing symptoms at age 53 (Hatch et al., 2007).
Most of the research examining the associations between markers of cognitive ability and internalizing symptoms to date has been cross-sectional, and thus the direction of effect in these associations, as well as the role of early cognitive ability on later internalizing symptoms, remains largely unexamined. Nevertheless, a small number of longitudinal studies suggest that cognitive ability early in life can have a significant effect on the later development of internalizing symptoms. For example, higher academic achievement in grade 1 has been shown to predict lower internalizing symptoms two years later (Burt and Roisman, 2010). Also, there is evidence that low IQ in adolescence increases the risk of depression in middle age (Der et al., 2009, Franz et al., 2011) and low IQ in childhood increases the risk of internalizing symptoms in adulthood (Koenen et al., 2009). 
However, the role of intelligence in the development of subsequent internalizing symptoms may depend on a number of factors, including the age at which these symptoms are assessed and participant gender. For instance, one study found that IQ at age 8 was inversely related to depressive symptoms at age 11, but positively related to these symptoms at ages 13 and 14 (Glaser et al., 2011), while another study found that childhood cognitive ability was only related to fewer adult internalizing symptoms for women (Hatch et al., 2007).
	Although childhood cognitive ability may be a protective factor against subsequent internalizing symptoms, it is not clear why this would be the case. One possibility is that children with greater cognitive ability are better equipped to cope with various sources of stress that may be important in the development and maintenance of internalizing symptoms. That is, cognitive ability may buffer children and youth against the effects of stress on anxiety and depression. However, support for this idea is mixed. One study found that stressful life events and depression in adulthood were positively associated only among those participants with lower cognitive ability at age 15 (Van Os and Jones, 1999). Another a study of high-risk adolescents also failed to find evidence that greater intelligence gives adolescents an advantage in coping with stress (Luthar, 1991).
The first objective of the current study was to examine the relationship between cognitive ability in childhood and internalizing symptoms in adolescence. We hypothesized that cognitive ability in childhood would generally be inversely associated with internalizing symptoms in adolescence. However, we acknowledged the possibility that the effect of cognitive ability depends on the time of assessment of internalizing symptoms, with more protective effects in younger adolescents than older adolescents. The second objective was to examine gender differences in the effect of childhood cognitive ability on adolescent internalizing symptoms. We hypothesized that girls may benefit more from greater cognitive ability than boys. The third objective was to examine the potentially moderating role of childhood cognitive ability on the relationships between childhood stressors and internalizing symptoms in adolescence. Cognitive ability was expected to attenuate the influence of childhood stressors on adolescent internalizing symptoms. 

2. METHODS


2.1. Study sample
The National Longitudinal Study of Children and Youth (NLSCY) is a nationally representative prospective cohort study of Canadians that is managed by Statistics Canada (Canada, 2009). Data collection for the longitudinal sample began in 1994/1995 and continued every two years until 2008/2009. Drawing from 6,908 individuals who were age 2-3 years in Cycle 1 (1994/1995) or Cycle 2 (1996/1997) of the NLSCY, our sample included 4,405 individuals with information on cognitive ability in childhood (age 4-5, 6-7, 8-9, and/or 10-11) and internalizing symptoms in adolescence (age 12-13 and/or 14-15). Figure 1 displays the longitudinal response pattern, as well as the level of response on the main study predictors and outcomes from age 4-5 to age 14-15. 
			--- Insert Figure 1 ---
2.2. Assessments
Childhood cognitive ability. All children aged 4-5 completed the Peabody Picture Vocabulary Test- Revised (PPVT-R) (Dunn and Dunn, 2006), which assesses verbal ability and scholastic aptitude. All children in Grade 2 or above completed a Mathematics Computation Test (MCT), a shortened version of the MCT component of the Canadian Achievement Tests, Second Edition (CAT/2), which measures understanding of addition, subtraction, multiplication, and division of whole numbers (Statistics Canada and Human Resources and Skills Development Canada, 1998). We thus obtained MCT scores for ages 6-7[footnoteRef:2], 8-9, and 10-11. PPVT-R and MCT scores in the NLSCY are treated as continuous variables and are standardized based on a norm samples from across Canada (Statistics Canada and Human Resources and Skills Development Canada, 1998). [2:  Most at age 6-7 were not in Grade 2 or above and were thus did not complete the MCT (See Figure 1).] 

Adolescent internalizing symptoms. Internalizing symptoms were assessed using a questionnaire that included 7 items from the Ontario Child Health Study (OCHS-R) (Boyle et al., 1987), assessing symptoms of anxiety and depression. The items were derived from the Child Behavior Checklist (CBCL) (Achenbach and Edelbrock, 1981) because they appeared to operationalize DSM-III criteria for emotional disorder (Statistics Canada and Human Resources and Skills Development Canada, 1998). The CBCL subscales are derived from DSM-III and DSM-IV criteria (Boyle et al., 1993b) and have been extensively evaluated in terms of their psychometric properties (Boyle et al., 1987, Boyle et al., 1993a). The statements were: “I am unhappy or sad,” “I am not as happy as other people my age,” “I am too fearful or nervous,” “I worry a lot,” “I cry a lot,” “I am nervous, high-strung, or tense,” and “I have trouble enjoying myself.” Response options were: “never or not true,” “sometimes or somewhat true,” or “often or very true.” The scale has shown good reliability, with a Cronbach alpha of 0.78 reported for 12-15-year-olds (Statistics Canada, 1992).
In the current study, total scores were grouped into 4 categories representing degrees of severity to account for floor effects and variation in severity of symptoms (i.e., positively skewed distributions), following previously reported procedures (Colman et al., 2012, Naicker et al., 2012):  no symptoms (scores below the 50th percentile), low symptoms (scores between the 51st and 75th percentile), moderate symptoms (scores between the 76th and 90th percentile), and severe symptoms (scores above the 90th percentile). 
Covariates. Socioeconomic status (SES) is operationalized in the NLSCY using household income adjusted for the ‘low-income cut off’ score (i.e., SES/LICO). This measure takes into account an individual’s income relative to the community and the size of their family (Cotton, 2001). We examined SES at child age 2-3. This variable was dichotomized, with scores in the bottom 10th percentile representing ‘low’ SES scores.
Maternal depression was measured with a shortened version of the self-reported Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff, 1977), which measures the frequency and severity of symptoms of depression over the past week through 12 statements (e.g., “I felt depressed”, “I had crying spells”). We examined maternal depression at child age 2-3. This variable was dichotomized, with a score in the top 10th percentile representing the presence of maternal depression.
Parents rated a series of 12 statements addressing various aspects of family functioning, such as problem solving (e.g., “we are able to make decisions about how to solve problems”) and affective involvement (e.g., “we express feelings to each other”). Items are rated on a scale from 0 (“strongly agree”) to 3 (“strongly disagree”), with scores ranging from 0-36 and higher scores indicating a greater degree of family dysfunction. We examined family dysfunction at child ages 4-5, 6-7, 8-9, and 10-11. This variable was dichotomized, with scores in the top 10th percentile representing the presence of family dysfunction. 
Parents reported on the presence of any chronic illness in their child (e.g., diabetes) as well as the presence of 15 stressful life events (SLEs; e.g., “death of a family member”) that children had experienced in the previous 2 years. We examined chronic illness SLEs in the previous 2 years as measured at child ages 4-5, 6-7, 8-9, and 10-11. We dichotomized chronic illness into ‘yes’ (i.e., presence of one or more chronic illness) and ‘no chronic illness’. We also dichotomized SLEs, where more than one SLE in the previous 2 years was considered to represent a ‘high’ degree of stressful life events. 

2.2. Statistical analysis
A series of multinomial logistic regressions was used to examine the relationship between cognitive ability in childhood (PPVT-R at age 4-5, and MCT scores at ages 6-7, 8-9, and 10-11) and severity of internalizing symptoms in adolescence (ages 12-13 and 14-15). Odds ratios (OR)[footnoteRef:3] were obtained for unadjusted models, as well as controlling for child gender, SES, family dysfunction, SLEs, maternal depression[footnoteRef:4]. We also used multinomial logistic regression to examine gender differences, by examining the interaction between child gender and cognitive ability in childhood in the prediction of adolescent internalizing symptoms while controlling for SES. Lastly, multinomial logistic regression was used to examine the moderating role of childhood cognitive ability in the relationship between childhood stress (chronic illness, family dysfunction, SLEs) and adolescent internalizing symptoms, while controlling for child gender and SES.  [3:  We examined the change in odds associated with a one standard deviation increase in PPVT-R and MCT scores, with ‘no symptoms’ as the reference category.]  [4:  In these analyses, family dysfunction and SLEs were measured at the same age as the predictor, whereas SES and maternal depression were measured at age 2-3.] 

All analyses were performed using SAS 9.3 (SAS Institute Inc, Cary, North Carolina, USA). Survey responses were weighted using the appropriate longitudinal sampling weights provided by Statistics Canada. These weights are based on the inverse of each child’s probability of selection into the survey, and are adjusted to account for non-response at each cycle (Statistics Canada and Human Resources and Skills Development Canada, 1998). 

3. RESULTS


3.1. Overall regression analyses
	 
	Results from the multinomial regression analyses are shown in Table 2. Overall, cognitive ability appeared to be negatively associated with internalizing problems measured at age 12-13, most consistently so for severe symptoms. Higher PPVT-R scores at age 4-5 decreased the odds of moderate (OR=0.83; CI: 0.75, 0.93) and severe (OR=0.80; CI: 0.70, 0.92) internalizing symptoms while controlling for covariates. Higher MCT scores at age 6-7 decreased the odds of severe symptoms in the unadjusted model (OR=0.74; CI: 0.58, 0.95) and increased the odds of mild symptoms after controlling for covariates (OR=1.21; CI: 1.05, 1.39). After controlling for covariates, higher MCT scores at age 8-9 decreased the odds of moderate (OR=0.83; CI: 0.75, 0.93) and severe (OR=0.85; CI: 0.74, 0.98) symptoms, and higher MCT scores at age 10-11 decreased the odds of severe (OR=0.85; CI: 0.75, 0.98) symptoms.
In contrast, when internalizing symptoms were measured at age 14-15, childhood cognitive ability was either not associated, or positively associated, with these symptoms. Although higher PPVT-R scores decreased the odds of mild symptoms (OR=0.84; CI: 0.76, 0.92), they were not associated with moderate or severe symptoms. Interestingly, higher MCT scores at age 6-7 increased the odds of mild (OR=1.44; CI: 1.21, 1.72) and severe (OR=1.50; CI: 1.18, 1.92) internalizing symptoms, and higher MCT scores at age 8-9 increased the odds of moderate (OR=1.14; CI: 1.02, 1.29) and severe (OR=1.20; CI: 1.05, 1.37) symptoms, after controlling for covariates.

3.2. Moderating role of child gender
Several significant interactions between child gender and cognitive ability emerged (Table 3). Higher PPVT-R scores decreased the odds of moderate internalizing symptoms at age 12-13 for girls (OR=0.70; CI: 0.61, 0.80) but not boys (OR=1.10; CI: 0.95, 1.28), and decreased the odds of mild internalizing symptoms at age 14-15 for girls (OR=0.76; CI: 0.67, 0.87) but not boys (OR=0.92; CI: 0.81, 1.04). Higher MCT at age 6-7 increased the odds of mild internalizing symptoms at age 14-15 for boys (OR=1.82; CI: 1.43, 2.32) but not girls (OR=1.14; CI: 0.89, 1.46), whereas higher MCT scores at age 8-9 increased the odds of moderate internalizing symptoms at age 14-15 for girls (OR=1.30; CI: 1.13, 1.50) but not boys (OR=0.83; CI: 0.68, 1.02).  

3.3. Moderating role of childhood stressors
	Significant interactions between childhood cognitive ability and childhood stressors were also observed (see Table 4). Overall, the pattern of results suggests that greater cognitive ability attenuates the role of stress in the development of subsequent internalizing. First, there was evidence that cognitive ability attenuates the effect of family dysfunction on adolescent internalizing symptoms. Among the findings, at lower PPVT-R scores, family dysfunction at age 8-9 increased the odds of severe internalizing symptoms at age 12-13 (OR=1.81; CI: 1.21, 2.71), but had no effect on these symptoms at higher PPVT-R scores (OR=0.82; CI: 0.45, 1.48). Similarly, at lower MCT scores, greater odds of severe internalizing symptoms at age 14-15 were predicted by family dysfunction at age 8-9 (OR=2.61; CI: 1.67, 4.06) and age 10-11 (OR=2.90; CI: 1.84, 4.56). At higher MCT scores, these symptoms were not predicted by family dysfunction at age 8-9 (OR=0.53; CI: 0.26, 1.09) or age 10-11 (OR=1.36; CI: 0.87, 2.11). 
	There was also evidence that cognitive ability attenuated the effect of chronic illness on adolescent internalizing symptoms. For instance, at lower MCT scores at age 6-7, chronic illness increased the odds of severe internalizing symptoms at age14-15 (OR=2.24; CI: 2.09, 5.60), whereas this was not true at (OR=0.54; CI: 0.25, 1.19). 
Lastly, there was some evidence that greater cognitive ability may actually exacerbate the effect of recent SLEs on internalizing symptoms. At high levels of MCT scores at age 10-11, the presence of 1 or more SLE increased the odds of moderate internalizing symptoms at age 12-13 (OR=3.30; CI: 1.50, 7.25) but had no effect on symptoms at low levels of MCT scores (OR=0.43; CI: 0.15, 1.19). 
	



4. DISCUSSION

The primary goal of the current study was to clarify the role of childhood cognitive ability in the development of internalizing symptoms in adolescence. Some previous research suggests that greater cognitive ability may protect children against subsequent internalizing difficulties (Burt and Roisman, 2010, Koenen et al., 2009). Consistent with this previous research, we found that cognitive ability was consistently associated with decreased odds of moderate and severe internalizing symptoms at age 12-13, even while controlling for potential confounders. Children’s cognitive ability in childhood therefore seems to be a protective factor against the development of internalizing symptoms in early adolescence. Moreover, parents and educators could flag academic underperformance as an early warning sign of future emotional difficulties in children. 
However, the protective role of cognitive ability appeared to be dependent on the age at which internalizing symptoms were assessed. When internalizing symptoms were measured at age 14-15, greater childhood cognitive ability had either no effect or increased the odds of mild to severe symptoms (see Table 2). Although these findings do not provide support for the idea of cognitive ability as a protective factor, they nevertheless mirror recent work examining the role of IQ at age 8 on depressive symptoms at ages 11 through 14 (Glaser et al., 2011). In fact, the apparent reversal of effect in the current study was most evident in the case of age 8-9 MCT scores, which lends strong support to this previous study. Although the mechanism responsible for this effect remains unclear, the authors suggest that the reversal of effect may be tied to hormonal changes associated with the onset of puberty. 
An implication of these findings is that, although there seem to be important associations between childhood cognitive ability and adolescent internalizing, the role of cognitive ability is most likely influenced by other factors. If the reversal of effect is tied to factors related to a period of adolescence, such as hormonal or social changes, middle adolescence might represent a temporary period where other factors overshadow the otherwise beneficial effects of greater cognitive ability. It may also be that the protective impact of greater cognitive ability would return in later adolescence and adulthood, as has been observed in studies linking higher childhood cognitive ability to lower rates of depression in adulthood (Der et al., 2009, Franz et al., 2011, Koenen et al., 2009).
The next goal of the current study was to examine gender differences in the role of childhood cognitive ability in predicting adolescent internalizing symptoms. Again, these findings seem to depend on the age of assessment of internalizing symptoms, as well as cognitive ability. Higher PPVT-R scores decreased the odds of moderate and mild symptoms at age 12-13 and 14-15, respectively, for females only. Higher MCT scores at age 6-7 increased the odds of mild symptoms at age 14-15 for males only. However, higher MCT scores at age 8-9 increased the odds of moderate symptoms at age 14-15 for females only. Thus, depending on age of assessment, cognitive ability in the current study can be seen as having gender-specific protective effects, as well as gender-specific detrimental effects. Although the reasons for these gender differences are not clear, they are potentially important, especially in the context of the widely acknowledged higher rate of depression for females (Kessler et al., 1993), and the emergence of associated gender differences in adolescence (Wade et al., 2002). Our observed gender differences, in conjunction with the reversal of the effect of cognitive ability on internalizing symptoms at 12-13 versus 14-15, lends support to a previously proposed idea that hormonal mechanisms may be responsible for this reversal of effect (Glaser et al., 2011). 
Finally, we examined the moderating role of childhood cognitive ability in the relationship between childhood stress and adolescent internalizing symptoms. Overall, our findings support our hypothesis that greater cognitive ability in childhood attenuates the effect of stress on subsequent internalizing symptoms. We found evidence that childhood family dysfunction and chronic illness had significantly less negative effect on subsequent internalizing symptoms for children with higher cognitive ability. Children with greater cognitive ability in childhood may be better at coping with the stress of family dysfunction and chronic illness in childhood, perhaps because they are more capable of problem-solving and adapting to more stressful environments.
In contrast, there was also some evidence that SLEs in late childhood actually had a stronger effect on subsequent internalizing symptoms in early adolescence for children with higher cognitive ability. Although the reason for this finding is unclear, it suggests that in some cases there may be a detrimental effect of increased cognitive ability. One possible explanation relies upon the distinction between acute versus chronic stress. Participants in the current study were asked to report on a list of SLEs in the previous two years, whereas family dysfunction and chronic illnesses may have represented chronic stressors in many cases. Indeed, we found that greater cognitive ability attenuated the effects of family dysfunction and chronic illness at different time-points in childhood. In contrast, greater cognitive ability only exacerbated the effects of SLEs measured at age 10-11, suggesting that only the most recent SLEs had differential effects on children with high versus low cognitive ability. This is consistent with a study showing that recent (i.e., within past two years) SLEs have a stronger effect on adolescent internalizing than previous (more than two years prior) SLEs (Colman et al., 2012). 
However, the relative effects of recent versus previous SLEs do not explain why recent stressors may be particularly problematic for adolescents with greater cognitive ability. There has been some research suggesting that more cognitively advanced children may be more prone to worrying in response to cognitive tasks (Muris et al., 2002). It is therefore possible that, in response to acute stress, children with greater cognitive ability are less capable of coping with stressful situations. For example, it has been argued that more intelligent children may view intelligence as fixed or unchangeable, and can therefore show a reduction in perseverance when faced with difficult problems (Burhans and Dweck, 1995). Indeed, one study showed that, in the presence of stressful life events, adolescents with high grades in school did not differ from those with low grades in terms of internalizing symptoms (Luthar, 1991); another showed that gifted children adolescents display stronger physiological reactions to stressful cognitive tasks than non-gifted children (Roberts and Lovett, 1994).
There are some important limitations to the current study that should be addressed. First, the data used for this project are largely self- or parent- reported, and are therefore subject to some degree of reporting bias. Second, there are multiple ways of assessing cognitive ability (including IQ tests, school grades, and performance on specific cognitive tasks); the NLSCY relies on limited tests of verbal ability, scholastic aptitude (PPVT-R) and mathematical computation (MCT). Although the concordance of our findings with previous studies (Der et al., 2009, Franz et al., 2011, Koenen et al., 2009) suggests that these measures are capturing constructs similar to IQ, it is possible that other methods of assessment would yield different results. In particular, it is difficult to separate cognitive potential from cognitive performance, the latter of which can be affected by factors such as test anxiety, as well as subject-specific anxiety (e.g., math anxiety) (Ashcraft and Faust, 1994, Gass and Curiel, 2011).
Third, childhood cognitive ability may not be directly causally related to adolescent internalizing symptoms, but rather may be indirectly associated through intermediary variables that modify mental health risk, such as academic achievement (Hatch et al., 2007). However, internalizing symptoms could also lead to problems with attention and memory, and thus have an effect on cognitive ability. Indeed, anxiety and depression have both been conceptualized as leading to lower academic performance (Da Fonseca et al., 2009, Owens et al., 2008), and inducing sad mood in adults has been shown to affect performance on cognitive tasks (Chepenik et al., 2007).
A number of biological substrates, as well as early childhood factors, likely influence cognitive ability. For example, research suggests that infant developmental delay influences adolescent depression (Colman et al., 2007, North et al., 2013) and cognitive impairment may be part of a causal pathway from infant malnutrition to adolescent depression (Waber et al., 2011). Also, there is good evidence that impaired cognition plays a role in the development of psychosis, through direct insults to the brain as well as interactions with environmental factors (Morgan et al., 2010, Murray and Fearon, 1999). In future studies, the role of cognitive ability can be more fully explored as part of a pathway towards internalizing symptoms.
This study also had a number of strengths. The NLSCY is a nationally representative cohort of Canadian children and youth and our results are therefore highly generalizable. Few studies have examined the role of childhood cognitive ability in the development of internalizing symptoms in adolescence, and our study adds substantially to the relatively few studies that examine this question. To our knowledge, this was the first study to examine the moderating role of childhood cognitive ability on the relationship between childhood stress and adolescent internalizing. Our results have shed light on the important and complex role that childhood cognitive ability may play in the development of these often debilitating symptoms. 
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Table 1. Percent prevalence or Mean (SD) for study variables
	

	Age 2-3
	Age 4-5
	Age 6-7
	Age 8-9
	Age 10-11
	Age 12-13
	Age 14-15

	Female
	50.1
	
	
	
	
	
	

	PPVT-R Score
	 
	100.2 (14.2) 
	 
	 
	 
	 
	 

	MCT Score
	 
	 
	291.6 (41.7) 
	358.8 (53.0) 
	426.0 (55.2) 
	 
	 

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Maternal Depression
	10.4 
	 
	 
	 
	 
	 
	 

	Family Dysfunction
	 
	15.3
	8.4
	8.5
	13.3
	 
	 

	≥1 Stressful Life Event
	 
	 2.7
	2.5
	2.5 
	2.9 
	 
	 

	Chronic Illness
	
	18.4
	21.8
	26.0
	29.2
	
	

	Internalizing Symptoms
	 
	 
	 
	 
	 
	 
	 

	Low
	
	
	
	
	
	58.4
	57.2

	Mild
	
	
	
	
	
	21.1
	20.1

	Moderate
	
	
	
	
	
	12.6
	12.9

	Severe
	
	
	
	
	
	8.0
	9.9



Table 2. Cognitive ability predicting internalizing symptoms at ages 12-13 and 14-15

	Cognitive Ability Measure
	Internalizing Symptom Severity (‘low’ as reference)
	    Symptoms at age 12-13

   Unadjusted OR (CI)            Adjusted OR (CI)[footnoteRef:5] [5:  Adjusted for Gender, SES, current family dysfunction, ≥ 1 stressful life events in previous two years, and PMK depression at age 2-3.] 

	Symptoms at age 14-15

     Unadjusted OR (CI)              Adjusted OR (CI)4

	
	
	
	
	
	

	PPVT-R
	
	n=3402
	n=3232
	n=3078
	n=2928

	(age 4-5) 
	Mild
	*0.91 [0.83, 0.98]
	0.92 [0.85, 1.01]
	*0.83 [0.76, 0.91]
	*0.84 [0.76, 0.92]

	 
	Moderate
	*0.83 [0.75, 0.92]
	*0.83 [0.75, 0.93]
	0.94 [0.84, 1.04]
	0.94 [0.84, 1.05]

	 
	Severe
	*0.82 [0.73, 0.94]
	*0.80 [0.70, 0.92]
	0.98 [0.87, 1.07]
	0.97 [0.86, 1.11]

	
	
	
	
	
	

	MCT
	
	n=1211
	n=1127
	n=1058
	n=990

	(age 6-7)[footnoteRef:6]  [6:  See footnote in Methods section regarding reduced sample sizes.] 

	Mild
	*1.19 [1.05, 1.36]
	*1.21 [1.05, 1.39]
	*1.35 [1.15, 1.60]
	*1.44 [1.21, 1.72]

	
	Moderate
	0.86 [0.72, 1.04]
	0.90 [0.74, 1.09]
	1.12 [0.92, 1.35]
	1.20 [0.98, 1.47]

	 
	Severe
	*0.74 [0.58, 0.95]
	0.79 [0.60, 1.04]
	*1.44 [1.17, 1.78]
	*1.50 [1.18, 1.92]

	
	
	
	
	
	

	MCT
	
	n=3307
	n=3096
	n=3002
	n=2809

	(age 8-9)
	Mild
	*0.91 [0.84, 0.99]
	 0.91 [0.83, 1.00]
	1.09 [0.99, 1.20]
	1.09 [0.99, 1.21]

	
	Moderate
	*0.83 [0.74, 0.92]
	*0.83 [0.75, 0.93]
	1.10 [0.98, 1.23]
	*1.14 [1.02, 1.29]

	 
	Severe
	*0.81 [0.71, 0.93]
	*0.85 [0.74, 0.98]
	*1.18 [1.04, 1.34]
	*1.20 [1.05, 1.37]

	
	
	
	
	
	

	MCT
	
	n=3535
	n=3372
	n=3240
	n=3093

	(age 10-11)
	Mild
	1.00 [0.92, 1.09]
	1.04 [0.95, 1.13]
	1.00 [0.92, 1.09]
	1.02 [0.93, 1.12]

	 
	Moderate
	*0.85 [0.77, 0.94]
	0.91 [0.82, 1.01]
	1.07 [0.96, 1.19]
	1.12 [1.00, 1.25]

	 
	Severe
	*0.83 [0.73, 0.95]
	*0.85 [0.75, 0.98]
	1.01 [0.90, 1.14]
	1.07 [0.94, 1.22]

	 
	 
	 
	 
	 
	 








Table 3. Gender differences in the relationship between childhood cognitive ability and adolescent internalizing symptoms

	Interaction
	Internalizing Outcome 
	Internalizing Symptom Level
	Interaction significance
	OR (CI) 
for Males
	OR (CI) 
for Females

	 
	 
	 
	 
	 
	 

	Sex x PPVT-R age 4-5
	Age 12-13
	Moderate
	p< .0001
	1.10 [0.95, 1.28]
	0.70 [0.61, 0.80]

	
	Age 14-15
	Mild
	p= .045
	0.92 [0.81, 1.04]
	0.76 [0.67, 0.87]

	 
	 
	 
	 
	 
	 

	Sex x MCT age 6-7
	Age 14-15
	Mild
	p= .009 
	1.82 [1.43, 2.32]
	1.14 [0.89, 1.46]

	
	
	
	
	
	

	Sex x MCT age 8-9
	Age 14-15
	Moderate
	p< .001 
	0.83 [0.68, 1.02]
	1.30 [1.13, 1.50]

	
	
	
	
	
	

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 






Table 4. Moderating role of cognitive ability in the relationship between childhood stress and adolescent internalizing

	Interaction
	Internalizing outcome 
	Internalizing symptom level
	Interaction significance
	OR (CI) at low
Cognitive Ability
	OR (CI) at high
Cognitive Ability

	
	
	
	
	
	

	PPVT-R x Family Dysfunction at age 4-5
	Age 12-13 
	Mild
	p= .002 
	0.53 [0.36, 0.77]
	1.27 [0.86, 1.89] 

	
	
	Severe
	p= .021 
	1.81 [1.21, 2.71]
	0.82 [0.45, 1.48] 

	 
	 
	 
	 
	 
	 

	MCT x Family Dysfunction at age 8-9
	Age 14-15
	Severe
	p= .001 
	2.42 [1.30, 4.53]
	0.53 [0.26, 1.09]

	
	
	
	
	
	

	MCT x Family Dysfunction at age 10-11
	Age 12-13
	Mild
	p= .023
	1.84 [1.28, 2.65]
	1.00 [0.69, 1.46]

	 
	 
	 
	 
	 
	 

	MCT x Family Dysfunction at age 10-11
	Age 14-15
	Mild
	p= .044 
	1.41 [0.97, 2.06]
	0.83 [0.58, 1.20]

	
	
	Severe
	p= .018 
	2.90 [1.84, 4.56]
	1.36 [0.87, 2.11]

	
	
	
	
	
	

	
	
	
	
	
	

	PPVT-R x Chronic Illness at age 4-5
	Age 14-15
	Mild
	p= .008
	1.71 [1.28, 2.27]
	0.94 [0.65, 1.36]

	
	
	
	
	
	

	MCT x Chronic Illness at age 6-7
	Age 14-15
	Severe
	p= .001
	3.24 [1.49, 7.04]
	0.44 [0.19, 0.98]

	
	
	
	
	
	

	
	
	
	
	
	

	MCT x SLE (> 1) at age 10-11
	Age 12-13
	Moderate 
	p= .004 
	0.43 [0.15, 1.19] 
	3.30 [1.50, 7.25] 
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