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Introduction: School underachievement has been shown to mediate the association between inattention and depressive symptoms in middle childhood. However, is it not clear whether these sequential associations are underpinned by genetic and environmental pathways, and the extent to which associated disruptive behaviors, such as hyperactivity/impulsivity, and peer relation difficulties partly account for these associations.



Methods: The present study used a longitudinal study of twins assessed from Kindergarten to Grade 6 to address these questions using multivariate biometric modeling.



Results: The hypothesized genetically informed (twin) model revealed that over and above disruptive behaviors and relational difficulties, there was evidence for (1) shared genetic factors partly accounting for these associations, and for (2) putative phenotype-to-phenotype associations sequentially linking inattention, school achievement, and depressive symptoms.



Discussion: Confirmation of the expected sequence of phenotype-to-phenotype associations (i.e., in addition to shared genetic factors) suggests an environmental pathway linking these phenotypes. The discussion focuses on the relevance and significance of these pathways for understanding the development of school and mental health problems, as well as for the identification of children at risk and early preventive interventions.
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1. Introduction

Attention deficit and hyperactivity disorder (ADHD), which is manifested by inattention and hyperactivity/impulsivity symptoms, has been linked to depressive symptoms in childhood (1). However, it is not clear why this specific association arises. The dual-failure model postulates that early externalizing behaviors, including symptoms of ADHD, lead to adjustment problems within the school context, which, in turn, may contribute to the development of internalizing difficulties, such as depressive symptoms (2–6). Thus, middle childhood appears a crucial period for the emergence of an association between externalizing and internalizing behaviors, and any sound empirical evaluation of this model must start at school entry and extend longitudinally to document how these associations unfold.

The dual-failure model posits that the association between externalizing and internalizing behaviors results from failures in two spheres of functioning: peer relationships and academic achievement. Previous findings have mainly focused on the peer relationship pathway and found that it was mostly accounted for by disruptive behaviors, such as aggression (7, 8). The second putative pathway, involving academic achievement, may be more relevant in accounting for the association between ADHD and depressive symptoms. Indeed, previous findings suggest that the association between externalizing difficulties and academic achievement may be due in large part to symptoms of ADHD, mostly inattention (9, 10). Furthermore, inattention, but not conduct disorder, has been associated with depressive symptoms in childhood (11, 12), thus suggesting that this association is independent from other forms of externalizing behaviors. Therefore, the dual-failure model may represent two distinct, but correlated pathways leading to internalizing difficulties: one involving disruptive behaviors and peer difficulties, and a second involving inattention and academic underachievement.

There is direct evidence supporting a development pathway linking inattention, academic achievement, and depressive symptoms that is independent from co-occurring disruptive behaviors. In a sample of children followed from Grade 1 to Grade 3 (11), inattention was shown to predict academic achievement, which then predicted depressive symptoms. Moreover, conduct problems, a class of disruptive behaviors, were not associated with academic achievement nor depressive symptoms. Given the strong associations, temporal precedence, and control for confounders, these results were interpreted as pointing to a causal role of inattention in the genesis of academic difficulties and depressive problems (13). However, hyperactive/impulsivity symptoms, a central dimension of ADHD, were not assessed in this study. While there is solid evidence that symptoms of ADHD are associated with academic achievement through inattention rather than hyperactivity/impulsivity (14, 15), the symptoms accounting for the association with depressive symptoms are less clear. The primary aim of this paper was to document whether inattention leads to academic underachievement, and then to depressive symptoms in childhood, while accounting for the contribution of hyperactivity/impulsivity.


1.1. The roles of genetic and environmental factors as underlying factors

To the extent that there is a consequential phenotypic pathway linking inattention, academic underachievement, and depressive symptoms, it is not clear whether this developmental sequence is environmentally or genetically mediated. Indeed, genetically informed studies raise the possibility that a combination of shared etiological factors could account for these associations. Evidence of shared genetic factors could reflect two possibilities. First, correlated genetic factors could be involved through a third variable, such as some form of biological endophenotype that is responsible for the phenotypic associations. Second, there could be an actual developmental sequence whereby genetic factors underlying inattention extend to academic underachievement, and thus the observed associations. For instance, a child could experience academic difficulties due to its genetic vulnerability for inattention. On the other hand, a lack of evidence for shared etiological factors in the presence of significant phenotypic associations would indicate a phenotype-to-phenotype linkage consistent with a causal association. Clarifying whether the observed associations are accounted for by shared etiological factors could help identify potential intervention targets. If shared etiological factors are found to account for the trivariate associations, then investigating further putative biosocial mechanisms underlying these associations will help orient preventive intervention strategies. If direct phenotype-to-phenotype associations are found, then interventions could potentially target each phenotype directly to prevent its cascading effects.

There is indeed evidence that shared etiological factors are implicated in the associations between ADHD symptoms, academic achievement, and depressive symptoms. First, the association between inattention or symptoms of ADHD and depressive symptoms in children and adolescents was found to be mostly accounted for by genetic overlap, although there was also evidence of overlap in shared and non-shared environmental factors (16–18). Second, most previous studies found that the association between inattention, or more generally symptoms of ADHD and academic achievement in childhood is mainly, if not entirely, accounted by shared genetic factors (10, 19, 20). One study, however, found evidence of a phenotype-to-phenotype association between symptoms of ADHD and academic achievement, even after accounting for shared etiological factors (21).

The final bivariate association of the hypothesized academic failure pathway, between academic underachievement and depressive symptoms, has never been examined in a genetically informative sample. Although children with a reading disability were found to be at increased risk for internalizing behaviors compared to a community control group, their siblings with a normal reading ability were not (22). The lack of association between a child's reading disability and his or her sibling's internalizing behaviors indicates that the association between reading disability and internalizing problems was not accounted for by shared familial factors (genetic or environmental). Rather, reading difficulties appeared as an individual-level risk factor for internalizing behaviors. This suggests that the association between academic achievement and depressive symptoms is child-specific and perhaps environmental.

While genetically informed designs are useful to document the roles of unobserved genetic and environmental factors in the observed associations, they can still be contaminated by confounders. Taking into account potential confounders is thus an important step in specifically testing the sequence of associations between inattention, academic underachievement, and depressive symptoms as a distinct environmental pathway, especially within the dual-pathway model. Here, two risk factors were considered as controls in the model. The first risk factor to be controlled for was disruptive behaviors, that is externalizing behaviors (aggression, conduct problems, oppositionality) excluding ADHD-related symptoms. Disruptive behaviors are strongly associated with ADHD and depressive symptoms (23, 24), as well as with academic underachievement (25). The other risk factor that was controlled was relational difficulties, which encompassed both peer- and teacher-related difficulties to provide a comprehensive coverage of relational problems. Indeed, relational difficulties may negatively contribute to both academic achievement and depressive problems (13). Consistent with the dual-failure model, poor peer relationships have been associated with academic underachievement (26, 27) and internalizing difficulties (6). Teacher-child relationships have been negatively associated with academic achievement (27), as a protective factor against depressive problems for children with pre-existing difficulties (28), as well as rated as more stressful when dealing with children with ADHD (29). All of this points to their relevance in the context of symptoms of ADHD and its possible consequences.



1.2. The present study

The objectives of this study were three-fold. First, we wanted to test across childhood (Kindergarten to Grade 6) whether inattention symptoms were longitudinally associated with depressive symptoms via academic achievement, after accounting for hyperactivity/impulsivity. Because developmental models have highlighted that the cascade between externalizing and internalizing occurs during elementary school, we studied a sample of children. Second, we wanted to test whether this putative developmental pathway was accounted for by shared genetic or environmental factors. Third, we wanted to investigate the contribution of three potential risk factors (victimization, teacher-child relationship, and disruptive behaviors) to the hypothesized developmental model. We hypothesized that inattention would be associated with depressive symptoms via academic achievement, and after accounting for hyperactivity/impulsivity. Given previous results supporting the contribution of genetic factors to the associations between symptoms of ADHD and academic achievement, as well as between ADHD and mood problems, we hypothesized that their associations would be mostly accounted for by shared genetic factors. Finally, we hypothesized that the associations between inattention, academic achievement, and depressive symptoms would not be substantially changed when accounting for disruptive behaviors, as well as peer and teacher-child relationship difficulties.




2. Materials and methods


2.1. Sample

The current sample was part of the Quebec Newborn Twin Study (QNTS), an ongoing population-based longitudinal study of 630 twin pairs born in the greater Montreal area between November 1995 and July 1998. Children were assessed on a variety of child-, family-, and school-related characteristics from 6=months onward (30). Approval from the ethics committee of the participating universities and informed parental consent was obtained before each wave of data collection. The QNTS families were similar on sociodemographic data to families from a birth cohort representative of the large urban centers of Québec (30). Zygosity was ascertained by two independent evaluators using the Zygosity Questionnaire for Young Twins when the twins were 18 months old (31, 32). In cases where questionnaire-based zygosity was inconclusive, DNA analyses were performed. The current sample was composed of 219 monozygotic (MZ) twin pairs and 315 dizygotic (DZ) twin pairs who were evaluated in Kindergarten (K; mean age = 6.04 years), Grade 1 (G1; mean age = 7.08 years), Grade 3 (G3; mean age = 9.10 years), Grade 4 (G4; mean age = 10.00 years), and Grade 6 (G6; mean age = 12.09 years).



2.2. Measures


2.2.1. Inattention and hyperactivity/impulsivity

Teachers rated children using items from the Social Behavior Questionnaire (33), a reliable and valid behavior problem inventory (34–36), which was partly based on the Children's Behavior Questionnaire (37) and the Preschool Behavior Questionnaire (38). Teachers rated the frequency of each symptom on a 3-point Likert scale: 0 = never; 1 = sometimes; and 2 = often. Inattention symptoms were assessed by using three items (α = 0.89 in Kindergarten, 0.90 in Grade 1): “…was easily distracted, had trouble sticking to an activity?”; “…was unable to concentrate, could not pay attention for long?”; and “…was inattentive?” Hyperactivity/impulsivity symptoms were assessed through five items (α = 0.90 in Kindergarten, 0.89 in Grade 1), such as “… couldn’t stop fidgeting?” and “… was impulsive, acted without thinking?” Both inattention and hyperactivity/impulsivity scores were substantially correlated between Kindergarten and Grade 1 (r = 0.52 and 0.60, respectively) and were therefore aggregated into mean scores.



2.2.2. Academic achievement

In the spring of Grades 3 and 4, teachers were asked to evaluate a child's school achievement in mathematics, reading, writing, and overall academic achievement relative to his or her classmates, using five items (Grade 3: α = 0.94) and seven items (Grade 4: α = 0.95). The teachers rated how the child fared compared to its peers, from 1, clearly under average, to 5, clearly above average. This rating method has been shown to be associated with actual achievement (39, 40). Given the high correlation between the two grade-specific scales (r = 0.62), they were aggregated. Teacher ratings of school achievement are generally reliable and valid, as indicated by their substantial correlations with other measures of academic achievement scores, including standardized measures of performance. A meta-analysis estimated that teacher's assessments of student's school achievement is highly related to their actual test performance (average r = 0.63) (41).



2.2.3. Depressive symptoms

Children were asked to report on their depressive symptoms in Grade 6. The scale was based on seven items from the Children's Depression Inventory (42), each rated on a 3-point scale, which were averaged to create a summary score. Reliability was moderate (α = 0.68). The Children's Depression Inventory scale is often used to measure childhood depressive symptomatology and is sensitive to developmental and gender differences in depressive symptoms from childhood onward (43). It was also shown to be valid as a screening measure for depression (44).



2.2.4. Control variables

To control for the contribution of various socio-emotional variables, we used the following scales, all reported when children were in Grade 1. Victimization was reported by teachers using three items: “was called names by other children”; “was hit or pushed by other children”; and “was made fun of by other children” (α = 0.68). This scale was shown to be associated with parent-rated trajectories of preschool victimization (7), suggesting that it adequately represents a child's experience of victimization. Teacher-child relationship quality was evaluated using the Conflict and Closeness subscales of the Teacher-Child Relationship Scale (STRS) (45). We used a total of four items that assess the closeness, warmth, and conflict of their relationship (α = 0.73). This scale was shown to predict changes in academic achievement at the beginning of the school period (27). Finally, disruptive behaviors were reported by teachers in Grade 1. This scale comprised 11 items from the Social Behavior Questionnaire (30) which measured oppositional behaviors and conduct problems, such as cheating, lying, and physical aggression (α = 0.84).




2.3. Analyses

All models were fitted to standardized sex-regressed variables if there were gender differences, as assessing gender differences was not the object of the current study. The structural equation modeling program MPlus 8.9 (46) was was used for all analyses. The use of full-information maximum likelihood allowed the incorporation of subjects with missing data under the missing at random assumption. To make this assumption more plausible, we incorporated auxiliary variables in the models (47). Since the data were slightly non-normal, we used an estimation method robust to non-normality, the maximum-likelihood estimator with robust standard errors, as was done elsewhere with twin data (18). Models were compared using the likelihood ratio test, which compares the goodness-of-fit, as measured by the Yuan–Bentler (Y–B) χ2, between a baseline model and a more restrictive nested model. The comparison between models was done using the change in the Y–B χ2 test. The degrees of freedom for this test are equal to the difference between the number of parameters in the baseline model and the number of parameters in the more restrictive nested model. Relative fit indices were also used to assess model fit. We used the Comparative Fit Index (CFI), Tucker–Lewis Index (TLI), and Root-Mean Square Error of Approximation (RMSEA). For the CFI and TLI, a value closer to 1 indicates a better fit. Cut-off values of 0.950 have been suggested (48). For the RMSEA, a value <0.050 indicates a close approximate fit (48).

The twin method relies on the difference in genetic relatedness between pairs of MZ twins, who share 100% of their genes, and DZ twins, who share, on average, 50% of their genes. The differing degree of genetic relatedness allows us to estimate the relative contribution of genetic and environmental factors to the total phenotypic variance. The total phenotypic variance is typically decomposed into additive genetic factor (A), shared environmental factors (C), and non-shared environmental factors (E). Additive genetic factors reflect the sum of the effect of two or more gene loci. Shared environmental factors reflect environmental factors that make twins similar, regardless of zygosity. Finally, non-shared environmental factors are environmental factors unique to each child that make twins more dissimilar. Non-shared environmental factors also contain measurement error as they contribute to make twins dissimilar, regardless of zygosity.

For our first objective, we tested the hypothesized mediation model using a phenotypic analysis controlling for hyperactivity/impulsivity in Kindergarten/Grade 1 (i.e., ignoring the genetically sensitive design of the sample). We used a sandwich estimator to account for the nesting of children within families (46). Models with the robust standard errors were used to derive model fit indices, but all parameter estimates as well as their 95% confidence intervals (95% CIs) were derived by running the models with 5,000 bootstrap samples (49). An association was considered significant if its 95% CI did not include zero.

The second objective was to identify possible phenotype-to-phenotype associations, while controlling for shared genetic and environmental factors. This model, depicted in Figure 1, uses multivariate biometric modeling, and is an extension of a model originally developed to decompose the association between two variables (50). Variances and covariances were decomposed into additive genetic effects, shared environmental effects, and non-shared environmental effects (labeled A, C, and E, respectively). Here, we used an independent pathway model given the previous evidence of genetic and environmental factors accounting for the associations between the variables under study. Shared etiological factors between inattention, academic achievement, and depressive problems are depicted in Figure 1. As in the original model (50), we did not include a common non-shared environmental factor. Residual variance for each phenotype was further decomposed into genetic and environmental sources of variance. Note that all models controlled for hyperactivity/impulsivity. Phenotype-to-phenotype associations were modeled using partial regression coefficients from inattention to academic achievement, and then from academic achievement to depressive symptoms. If shared etiological factors fully accounted for the associations between all variables, these partial regression coefficients should be non-significant. For a more technical description of this model, see Kohler et al. (50).


[image: Figure 1]
FIGURE 1
Baseline biometric model (Model 1) of the associations between inattention, academic achievement, and depressive symptoms. This model controls for hyperactivity/impulsivity, but these effects are not shown in the figure to reduce clutter. Dep. sx. = depressive symptoms.





3. Results

Bivariate associations, as well as means and SD, are presented in Table 1. As hypothesized, inattention in Kindergarten/Grade 1 was more strongly correlated with academic achievement in Grade 3/4 than hyperactivity/impulsivity in Kindergarten/Grade 1. Conversely, hyperactivity/impulsivity in Kindergarten/Grade 1 was more strongly associated with victimization and disruptive behaviors at the same age. Teacher-child relationship quality in Grade 1 was slightly more associated with inattention than hyperactivity/impulsivity, although the difference was small in magnitude. In addition, academic achievement in Grade 3/4 was the strongest correlate of self-reported depressive symptoms in Grade 6. Twin correlations are also included in Table 2.


TABLE 1 Descriptive statistics.
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TABLE 2 Twin correlations.
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Regarding our first objective, we tested the hypothesized mediation model using a phenotypic analysis controlling for hyperactivity/impulsivity in Kindergarten/Grade 1. This model, depicted in Figure 2, was fully saturated and therefore fitted the data perfectly, Y–B χ2 (0) = 0, p > 0.05, CFI = 1.00, TLI = 1.00, RMSEA = 0.000. The indirect association between Kindergarten/Grade 1 inattention and Grade 6 depressive symptoms via lower Grade 3/4 academic achievement was significant (β = 0.084, 95% CI 0.028–0.142). Results also showed that the direct association between inattention and depressive symptoms was virtually null, suggesting that their apparent association was entirely accounted for by lower academic achievement. This analysis also revealed that the association between hyperactivity/impulsivity and academic achievement became positive once the contribution of inattention was taken into account, thus suggesting some suppressor effect in the case of hyperactivity/impulsivity. Accordingly, further analyses only included hyperactivity/impulsivity as a covariate.


[image: Figure 2]
FIGURE 2
Phenotypic mediation model linking inattention, academic achievement, and depressive symptoms while controlling for hyperactivity/impulsivity.


For our second objective, we tested the phenotype-to-phenotype associations between inattention, academic achievement, and depressive symptoms under conditions of genetic-environmental control using biometric modeling. The full baseline model described earlier can be seen in Figure 1. This model fitted the data well (see Model 1 in Table 3). Based on this model, we derived our final model by dropping the following non-significant paths: the shared common environmental factor; the shared genetic factor underlying depressive symptoms; the genetic components for inattention and for academic achievement; and the shared environmental variance for depressive symptoms. Model 2 did not significantly differ from Model 1 (ΔY–B χ2 (7) = 3.22, p > 0.05), and was thus retained as it was deemed more parsimonious.


TABLE 3 Fit indices of the different biometrical models.

[image: Table 3]

The final, best-fitting model is depicted in Figure 3. The model reveals common genetic variance between early inattention (Kindergarten/Grade 1) and later academic achievement (Grade 3/4). Using path-tracing rules, we found that genetic factors accounted for a phenotypic association of r = −0.34 (i.e., 0.42 × −0.76) between these two constructs. However, depressive symptoms in Grade 6 were not associated with these genetic factors. Thus, the association between Grade 3/4 academic achievement and Grade 6 depressive symptoms could not be accounted for by these shared etiological factors. It is notable that the shared genetic variance entirely accounted for the genetics underlying inattention and academic achievement. Following path-tracing rules, the proportion of variance accounted for by genetic and non-shared environmental variance can be derived by squaring their respective path (although they do not equal exactly to 100% due to rounding). Thus, after accounting for the common genetic variance and the phenotype-to-phenotype association, shared and non-shared environmental factors accounted for approximately 26% and 74%, respectively, of the residual variance in inattention, as well as for approximately 37% and 63%, respectively, of the residual variance of academic achievement. Similarly, residual variance in depressive symptoms in Grade 6 were also accounted for by both genetic (approximately 35%) and non-shared environmental variance (approximately 65%).
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FIGURE 3
Final biometric model (Model 2) of the associations between inattention, academic achievement, and depressive symptoms. This model controls for hyperactivity/impulsivity, but these effects are not shown in the figure to reduce clutter.



3.1. Phenotype-to-phenotype associations

Most importantly, over and above shared genetic factors, the phenotype-to-phenotype association between Kindergarten/Grade 1 inattention and Grade 3/4 academic achievement fell short of significance (β = −0.10, 95% CI −0.20 to 0.004), whereas that between academic achievement and depressive symptoms was significant but modest (β = −0.15, 95% CI −0.24 to −0.07). After controlling for shared etiological factors, the indirect association between inattention and depressive symptoms was still significant, but much smaller than in the phenotypic analysis (β = 0.015, 95% CI 0.001–0.040).



3.2. Robustness to covariates

Covariates were then added to investigate their possible contribution to the hypothesized developmental model. In Model 3, we controlled for victimization, teacher-child relationship quality, and finally disruptive behaviors. The fit indices of this model, reported in Table 3, indicate that it fits the data well.

The results showed virtually no change in parameter estimates after controlling for all three covariates. The phenotypic association between inattention and academic achievement accounted for by genetic factors was almost identical (r = −0.31 compared to r = −0.34 before). The phenotype-to-phenotype associations were almost unchanged between inattention and achievement (β = −0.09, 95% CI −0.19 to 0.01), as well as between achievement and depressive symptoms (β = −0.15, 95% CI −0.23 to −0.06). The developmental cascade resulting from both phenotype-to-phenotype associations was similar in size, but fell short of significance (β = 0.013, 95% CI 0.000–0.037).




4. Discussion

The present study had three main objectives. First, we wanted to test across childhood (Kindergarten to Grade 6) whether inattention symptoms were longitudinally associated with depressive symptoms via academic achievement, after accounting for hyperactivity/impulsivity. Second, we wanted to test whether this putative developmental pathway was accounted for by shared genetic and environmental factors, and whether there was evidence of phenotype-to-phenotype associations over and above these common etiological underpinning. Third, we wanted to assess the contribution of potential risk factors pertaining to relational difficulties (peer- and teacher-related) and disruptive behaviors to the expected developmental associations. Overall, and as expected, the hypothesized model revealed that over and above disruptive behaviors and relational difficulties, (1) there was evidence for shared genetic factors partly accounting for these associations, as well as (2) mixed evidence for the putative phenotype-to-phenotype associations sequentially linking inattention, school achievement, and depressive symptoms. Our results suggest that a mixture of genetic and environmental pathways link these phenotypes.

Regarding the first objective, our phenotypic analyses showed that inattention was associated with depressive symptoms via academic underachievement, even after accounting for hyperactivity/impulsivity. These findings are consistent with a previous study that also found support for this indirect pathway (11) but extend these previous results by showing that it is not accounted for by hyperactivity/impulsivity. The finding of a positive association between hyperactivity/impulsivity and achievement after accounting for inattention is intriguing as it suggests a suppressor effect (51). Such a variation in associations is not new, as the evidence for a link between lower academic achievement and hyperactivity/impulsivity is typically mixed across studies, but robust for inattention (52). This underlies the need for disaggregating inattention and hyperactive/impulsive symptoms when studying their developmental correlates.

With regard to the second objective, we found mixed evidence for phenotype-to-phenotype associations between inattention, academic achievement, and depressive problems above and beyond shared etiological factors. Although the indirect association was significant when accounting for shared etiological factors, this indirect association was quite reduced when accounting for the contribution of shared etiological factors (β = 0.015 vs. β = 0.084). This indicates that most of this mediating pathway was accounted for by shared genetic factors between inattention and lower academic achievement. The development of effective preventive intervention strategies could be guided by further uncovering the mechanisms accounting for the genetic factors shared between inattention and academic underachievement.

The mixture of genetic and environmental factors shared between inattention and academic achievement was expected and consistent with the dual pathways accounting for the association between ADHD and academic achievement (53). The first pathway, involving cognitive processes, may reflect the genetic association, and is consistent with previous findings showing that processing speed accounted for the genetic association between inattention and reading underachievement (54). Whether this cognitive skill also accounts for the association between inattention and academic underachievement remains to be confirmed. The second pathway, involving behaviors reflecting lower engagement toward schoolwork, may here be found in the phenotype-to-phenotype association between inattention and academic achievement. It suggests that, regardless of their genetic risk, inattentive children may miss learning opportunities. Consistent with this hypothesis, the association between school engagement and grades has been shown to be mostly accounted for by non-shared environmental factors (55). The small magnitude of this phenotype-to-phenotype association is to be expected given the consistently small associations among non-shared environmental factors (56). Whether this dual-pathway model accurately accounts for the genetic and environmental associations between inattention and academic underachievement remains to be evaluated.

One notable finding pertains to the significant phenotype-to-phenotype association between academic achievement and depressive symptoms. This phenotypic association has been supported in previous studies (5, 6, 57), but this is the first study to consider the possible shared etiological factors underlying this association. Our results suggest an active environmental role of lower academic achievement in the genesis of depressive problems.

Contrary to our expectations, we did not find evidence of shared genetic factors between early inattention and later depressive symptoms. There is indeed evidence that the genetic factors underlying depressive symptoms are shared with hyperactivity/impulsivity and comorbid inattention (18). We note, however, that our measures of inattention and depressive symptoms were reported by different informants, as well as over a few years. Given that concurrent associations between children's reports of internalizing difficulties and teacher reports are small to moderate (r = 0.20) (58), it is not surprising that we find a small indirect association. We do not interpret our findings as evidence of a lack of shared genetic underpinnings between inattention and depressive symptoms, but rather as being a conservative estimate of the putative environmental pathway linking inattention and depressive symptoms in childhood. If such an environmental mechanism exists, it may become stronger in late childhood, when self-appraisals of academic competence become more stable and more strongly related to teachers’ appraisals (59). It will be important to investigate this developmental pathway further over different periods of time and using different informants.

Perhaps more surprising was the lack of change in the results when accounting for early relational problems and disruptive behaviors. We expected inattention to be uniquely associated with academic achievement longitudinally, but we did not expect this association to be so robust to the addition of covariates. Rather, these difficulties were expected to play a significant role in the model given their documented shared genetic and environmental factors with academic achievement and depressive problems (60–63). Although the phenotype-to-phenotype mediation became marginally significant, there was little change in its effect size after adding covariates. Further studies are needed to further test whether the dual-failure model represents two distinct but correlated developmental pathways stemming from inattention and disruptive behaviors.

This study is not without limitations. One limitation is the reliance on teacher ratings for most measures as they provide an external, indirect account of peer processes and child experiences. However, from a clinical and research perspective, we contend that this may also be a strength, as raters varied every year and may facilitate generalizations to clinical assessments, which often rely on teacher reports. A second limitation concerns the developmental period under study. While we used a longitudinal design that covers middle and late childhood, we did not cover adolescence, a period during which the prevalence of depressive disorder increases (64). It will be important to investigate whether our results also apply during adolescence. By extension, it would be interesting to investigate whether the roles of different components of externalizing behaviors in the dual-pathway model change with age. Finally, our study did not include any molecular genetics, neuroimaging, or peripheral biomarker for in-depth phenotyping of symptoms of ADHD.



5. Conclusion

Our results suggest that inattention directly predicts academic underachievement, with the latter posing an environmental risk for increased depressive symptoms. This sequential pattern of associations stood after controlling for shared etiological and measured risk factors. The indirect association between inattention and depressive symptoms was partly accounted for by shared genetic factors but was still significant albeit much smaller. These patterns of associations were largely independent of concurrent relational and behavioral difficulties, raising the possibility that inattention and academic achievement represent a distinct pathway leading to depressive problems. Further research should evaluate the separate contribution of inattention and disruptive behaviors within the context of the dual-failure model.



Data availability statement

The data analyzed in this study are subject to the following licenses/restrictions: data cannot be shared publicly because they are proprietary but may be obtained by filling a request to access from the Research Unit on Children's Psychosocial Maladjustment Website. Requests to access these datasets should be directed to http://www.gripinfo.ca/grip/public/www/etudes/en/dadprocedures.asp.



Ethics statement

The studies involving human participants were reviewed and approved by the Institutional Review Board of the University of Québec in Montréal and the Saint-Justine Hospital Research Center. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

AP conceived the study and performed the analyses. AP, GT, and MB wrote the manuscript. MB provided the study data. MB, GD, FV, MBr, and IO-M acquired the funding and have been responsible for the conception and design of the ÉJNQ study. All authors contributed to the article and approved the submitted version.



Funding

This research was supported by grants from the Fonds québécois de la recherche sur la société et la culture, the Fonds de la recherche en santé du Québec, the Social Science and Humanities Research Council of Canada, the National Health Research Development Program, the Canadian Institutes for Health Research, and Ste. Justine Hospital’s Research Center. MB was supported by the Canada Research Chair Program.



Acknowledgments

We are grateful to the children and parents of the Quebec Newborn Twin Study and the participating teachers and schools. We also thank Hélène Paradis for data management and assistance with statistical analyses and Jocelyn Malo for coordinating the data collection.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Angold A, Costello EJ, Erkanli A. Comorbidity. J Child Psychol Psychiatry. (1999) 40(1):57–87. doi: 10.1111/1469-7610.00424

2. Capaldi DM. Cooccurrence of conduct problems and depressive symptoms in early adolescent boys: II. A 2-year follow-up at grade 8. Dev Psychopathol. (1992) 4(01):125–44. doi: 10.1017/S0954579400005605

3. Moilanen KL, Shaw DS, Maxwell KL. Developmental cascades: externalizing, internalizing, and academic competence from middle childhood to early adolescence. Dev Psychopathol. (2010) 22(Special Issue 03):635–53. doi: 10.1017/S0954579410000337

4. Patterson GR, DeBaryshe BD, Ramsey E. A developmental perspective on antisocial behavior. Am Psychol. (1989) 44(2):329–35. doi: 10.1037/0003-066X.44.2.329

5. Patterson GR, Stoolmiller M. Replications of a dual failure model for boys’ depressed mood. J Consult Clin Psychol. (1991) 59(4):491–8. doi: 10.1037/0022-006x.59.4.491

6. van Lier PA, Vitaro F, Barker ED, Brendgen M, Tremblay RE, Boivin M. Peer victimization, poor academic achievement, and the link between childhood externalizing and internalizing problems. Child Dev. (2012) 83(5):1775–88. doi: 10.1111/j.1467-8624.2012.01802.x

7. Barker ED, Boivin M, Brendgen M, Fontaine N, Arseneault L, Vitaro F, et al. Predictive validity and early predictors of peer-victimization trajectories in preschool. Arch Gen Psychiatry. (2008) 65(10):1185–92. doi: 10.1001/archpsyc.65.10.1185

8. Boivin M, Petitclerc A, Feng B, Barker ED. The developmental trajectories of peer victimization in middle to late childhood and the changing nature of their behavioral correlates. Merrill Palmer Q. (2010) 56(3):231–60. doi: 10.1353/mpq.0.0050

9. Duncan GJ, Dowsett CJ, Claessens A, Magnuson K, Huston AC, Klebanov P, et al. School readiness and later achievement. Dev Psychol. (2007) 43(6):1428–46. doi: 10.1037/0012-1649.43.6.1428

10. Johnson W, McGue M, Iacono WG. Disruptive behavior and school grades: genetic and environmental relations in 11-year-olds. J Educ Psychol. (2005) 97(3):391–405. doi: 10.1037/0022-0663.97.3.391

11. Herman KC, Lambert S, Ialongo N, Ostrander R. Academic pathways between attention problems and depressive symptoms among urban African American children. J Abnorm Child Psychol. (2007) 35(2):265–74. doi: 10.1007/s10802-006-9083-2

12. Reinke W, Ostrander R. Heterotyic and homotypic continuity: the moderating effects of age and gender. J Abnorm Child Psychol. (2008) 36(7):1109–21. doi: 10.1007/s10802-008-9236-6

13. Herman KC, Reinke WM, Parkin J, Traylor KB, Agarwal G. Childhood depression: rethinking the role of the school. Psychol Sch. (2009) 46(5):433–46. doi: 10.1002/pits.20388

14. Bauermeister JJ, Barkley R, Martínez J, McBurnett K. Validity of the sluggish cognitive tempo, inattention, and hyperactivity symptom dimensions: neuropsychological and psychosocial correlates. J Abnorm Child Psychol. (2012) 40:683–97. doi: 10.1007/s10802-011-9602-7

15. Lahey BB, Willcutt EG. Predictive validity of a continuous alternative to nominal subtypes of attention-deficit/hyperactivity disorder for DSM–V. J Clin Child Adolesc Psychol. (2010) 39(6):761–75. doi: 10.1080/15374416.2010.517173

16. Chen TJ, Ji CY, Wang SS, Lichtenstein P, Larsson H, Chang Z. Genetic and environmental influences on the relationship between ADHD symptoms and internalizing problems: a Chinese twin study. Am J Med Genet B Neuropsychiatr Genet. (2016) 171(7):931–7. doi: 10.1002/ajmg.b.32411

17. Cole J, Ball HA, Martin NC, Scourfield J, McGuffin P. Genetic overlap between measures of hyperactivity/inattention and mood in children and adolescents. J Am Acad Child Adolesc Psychiatry. (2009) 48(11):1094–101. doi: 10.1097/CHI.0b013e3181b7666e

18. Lahey BB, Van Hulle CA, Singh AL, Waldman ID, Rathouz PJ. Higher-order genetic and environmental structure of prevalent forms of child and adolescent psychopathology. Arch Gen Psychiatry. (2011) 68(2):181–9. doi: 10.1001/archgenpsychiatry.2010.192

19. Liu C-Y, Li Y, Viding E, Asherson P, Pingault J-B. The developmental course of inattention symptoms predicts academic achievement due to shared genetic aetiology: a longitudinal twin study. Eur Child Adolesc Psychiatry. (2019) 28:367–75. doi: 10.1007/s00787-018-1200-6

20. Pesenti-Gritti P, Scaini S, D’ippolito C, Fagnani C, Battaglia M. A genetically informed study of the covariation between the CBCL/6-18 DSM-oriented problem scales and the competence scales. Behav Genet. (2011) 41(4):522–32. doi: 10.1007/s10519-010-9420-7

21. de Zeeuw EL, van Beijsterveldt CEM, Ehli EA, de Geus EJC, Boomsma DI. Attention deficit hyperactivity disorder symptoms and low educational achievement: evidence supporting a causal hypothesis. Behav Genet. (2017) 47:278–89. doi: 10.1007/s10519-017-9836-4

22. Willcutt EG, Pennington BF. Psychiatric comorbidity in children and adolescents with reading disability. J Child Psychol Psychiatry. (2000) 41(8):1039–48. doi: 10.1111/1469-7610.00691

23. Lahey BB, Rathouz P, Van Hulle C, Urbano R, Krueger R, Applegate B, et al. Testing structural models of DSM-IV symptoms of common forms of child and adolescent psychopathology. J Abnorm Child Psychol. (2008) 36(2):187–206. doi: 10.1007/s10802-007-9169-5

24. Sterba SK, Copeland W, Egger HL, Jane Costello E, Erkanli A, Angold A. Longitudinal dimensionality of adolescent psychopathology: testing the differentiation hypothesis. J Child Psychol Psychiatry. (2010) 51(8):871–84. doi: 10.1111/j.1469-7610.2010.02234.x

25. Galera C, Melchior M, Chastang JF, Bouvard MP, Fombonne E. Childhood and adolescent hyperactivity-inattention symptoms and academic achievement 8 years later: the GAZEL youth study. Psychol Med. (2009) 39(11):1895–906. doi: 10.1017/S0033291709005510

26. Nakamoto J, Schwartz D. Is peer victimization associated with academic achievement? A meta-analytic review. Soc Dev. (2010) 19(2):221–42. doi: 10.1111/j.1467-9507.2009.00539.x

27. Vitaro F, Boivin M, Brendgen M, Girard A, Dionne G. Social experiences in kindergarten and academic achievement in grade 1: a monozygotic twin difference study. J Educ Psychol. (2012) 104(2):366–80. doi: 10.1037/a0026879

28. Baker JA. Contributions of teacher–child relationships to positive school adjustment during elementary school. J Sch Psychol. (2006) 44(3):211–29. doi: 10.1016/j.jsp.2006.02.002

29. Greene RW, Beszterczey SK, Katzenstein T, Park K, Goring J. Are students with ADHD more stressful to teach? J Emot Behav Disord. (2002) 10(2):79–89. doi: 10.1177/10634266020100020201

30. Boivin M, Brendgen M, Dionne G, Ouellet-Morin I, Dubois L, Pérusse D, et al. The Quebec Newborn Twin Study at 21. Twin Res Hum Genet. (2019) 22(6):475–81. doi: 10.1017/thg.2019.74

31. Goldsmith HH. A zygosity questionnaire for young twins: A research note. Behav Genet. (1991) 21:257–69.1863259

32. Forget-Dubois N, Pérusse D, Turecki G, Girard A, Billette J-M, Rouleau G, et al. Diagnosing zygosity in infant twins: physical similarity, genotyping, and chorionicity. Twin Res. (2003) 6(6):479–85.14965457

33. Tremblay RE, Loeber R, Gagnon C, Charlebois P, Larivée S, LeBlanc M. Disruptive boys with stable and unstable high fighting behavior patterns during junior elementary school. J Abnorm Child Psychol. (1991) 19(3):285–300. doi: 10.1007/bf00911232

34. Broidy LM, Nagin DS, Tremblay RE, Bates JE, Brame B, Dodge KA, et al. Developmental trajectories of childhood disruptive behaviors and adolescent delinquency: a six-site, cross-national study. Dev Psychol. (2003) 39(2):222–45. doi: 10.1037/0012-1649.39.2.222

35. Nagin D, Tremblay RE. Trajectories of boys’ physical aggression, opposition, and hyperactivity on the path to physically violent and nonviolent juvenile delinquency. Child Dev. (1999) 70(5):1181–96. doi: 10.1111/1467-8624.00086

36. Pingault JB, Tremblay RE, Vitaro F, Carbonneau R, Genolini C, Falissard B, et al. Childhood trajectories of inattention and hyperactivity and prediction of educational attainment in early adulthood: a 16-year longitudinal population-based study. Am J Psychiatry. (2011) 168(11):1164–70. doi: 10.1176/appi.ajp.2011.10121732

37. Rutter M. A children behaviour questionnaire for completion by teachers: preliminary findings. J Child Psychol Psychiatry. (1967) 8(1):1–11. doi: 10.1111/j.1469-7610.1967.tb02175.x

38. Behar L, Stringfield S. A behavior rating scale for the preschool child. Dev Psychol. (1974) 10(5):601–10. doi: 10.1037/h0037058

39. Demaray MK, Elliot SN. Teachers’ judgments of students’ academic functioning: a comparison of actual and predicted performances. Sch Psychol Q. (1998) 13(1):8–24. doi: 10.1037/h0088969

40. Feinberg AB, Shapiro ES. Accuracy of teacher judgments in predicting oral reading fluency. Sch Psychol Q. (2003) 18(1):52–65. doi: 10.1521/scpq.18.1.52.20876

41. Südkamp A, Kaiser J, Möller J. Accuracy of teachers’ judgments of students’ academic achievement: a meta-analysis. J Educ Psychol. (2012) 104(3):743. doi: 10.1037/a0027627

42. Kovacs M. Children’s depression inventory (CDI) manual. North Tonawanda, NY: Multi-Health Systems (1992).

43. Twenge JM, Nolen-Hoeksema S. Age, gender, race, socioeconomic status, and birth cohort difference on the children’s depression inventory: a meta-analysis. J Abnorm Psychol. (2002) 111(4):578–88. doi: 10.1037/0021-843x.111.4.578

44. Hodges K. Depression and anxiety in children: a comparison of self-report questionnaires to clinical interview. Psychol Assess. (1990) 2(4):376–81. doi: 10.1037/1040-3590.2.4.376

45. Pianta RC, Steinberg MS, Rollins KB. The first two years of school: teacher-child relationships and deflections in children’s classroom adjustment. Dev Psychopathol. (1995) 7(02):295–312. doi: 10.1017/S0954579400006519

46. Muthén LK, Muthén BO. Mplus user’s guide. 8th ed. Los Angeles, CA: Muthén & Muthén (1998–2023).

47. Graham JW. Adding missing-data-relevant variables to FIML-based structural equation models. Struct Equ Modeling. (2003) 10(1):80–100. doi: 10.1207/s15328007sem1001_4

48. Bowen NK, Guo S. Structural equation modeling. New York: Oxford University Press (2011).

49. Miočević M, O’Rourke HP, MacKinnon DP, Brown HC. Statistical properties of four effect-size measures for mediation models. Behav Res Methods. (2018) 50(1):285–301. doi: 10.3758/s13428-017-0870-1

50. Kohler H-P, Behrman JR, Schnittker J. Social science methods for twins data: integrating causality, endowments, and heritability. Biodemography Soc Biol. (2011) 57(1):88–141. doi: 10.1080/19485565.2011.580619

51. Tu Y-K, Gunnell D, Gilthorpe M. Simpson’s paradox, Lord’s paradox, and suppression effects are the same phenomenon—the reversal paradox. Emerg Themes Epidemiol. (2008) 5(1):2. doi: 10.1186/1742-7622-5-2

52. Polderman TJC, Boomsma DI, Bartels M, Verhulst FC, Huizink AC. A systematic review of prospective studies on attention problems and academic achievement. Acta Psychiatr Scand. (2010) 122:271–84. doi: 10.1111/j.1600-0447.2010.01568.x

53. Rapport MD, Scanlan SW, Denney CB. Attention-deficit/hyperactivity disorder and scholastic achievement: a model of dual developmental pathways. J Child Psychol Psychiatry. (1999) 40(8):1169–83. doi: 10.1111/1469-7610.00534

54. Willcutt EG, Betjemann RS, McGrath LM, Chhabildas NA, Olson RK, DeFries JC, et al. Etiology and neuropsychology of comorbidity between RD and ADHD: the case for multiple-deficit models. Cortex. (2010) 46(10):1345–61. doi: 10.1016/j.cortex.2010.06.009

55. Johnson W, McGue M, Iacono WG. How parents influence school grades: hints from a sample of adoptive and biological families. Learn Individ Differ. (2007) 17(3):201–19. doi: 10.1016/j.lindif.2007.04.004

56. Turkheimer E, Waldron M. Non-shared environment: a theoretical, methodological, and quantitative review. Psychol Bull. (2000) 126(1):78–108. doi: 10.1037/0033-2909.126.1.78

57. Herman KC, Lambert SF, Reinke WM, Ialongo NS. Low academic competence in first grade as a risk factor for depressive cognitions and symptoms in middle school. J Couns Psychol. (2008) 55(3):400–10. doi: 10.1037/a0012654

58. De Los Reyes A, Augenstein TM, Wang M, Thomas SA, Drabick DAG, Burgers DE, et al. The validity of the multi-informant approach to assessing child and adolescent mental health. Psychol Bull. (2015) 141(4):858–900. doi: 10.1037/a0038498

59. Cole DA, Jacquez FM, Maschman TL. Social origins of depressive cognitions: a longitudinal study of self-perceived competence in children. Cognit Ther Res. (2001) 25(4):377–95. doi: 10.1023/a:1005582419077

60. Arseneault L, Milne BJ, Taylor A, Adams F, Delgado K, Caspi A, et al. Being bullied as an environmentally mediated contributing factor to children’s internalizing problems: a study of twins discordant for victimization. Arch Pediatr Adolesc Med. (2008) 162(2):145–50. doi: 10.1001/archpediatrics.2007.53

61. Brendgen M, Boivin M, Vitaro F, Girard A, Dionne G, Pérusse D. Gene–environment interaction between peer victimization and child aggression. Dev Psychopathol. (2008) 20(02):455–71. doi: 10.1017/S0954579408000229

62. O'Connor TG, McGuire S, Reiss D, Hetherington EM, Plomin R. Cooccurrence of depressive symptoms and antisocial behavior in adolescence: a common genetic liability. J Abnorm Psychol. (1998) 107(1):27–37. doi: 10.1037/0021-843x.107.1.27

63. Trzesniewski KH, Moffitt TE, Caspi A, Taylor A, Maughan B. Revisiting the association between Reading achievement and antisocial behavior: new evidence of an environmental explanation from a twin study. Child Dev. (2006) 77(1):72–88. doi: 10.1111/j.1467-8624.2006.00857.x

64. Costello EJ, Copeland W, Angold A. Trends in psychopathology across the adolescent years: What changes when children become adolescents, and when adolescents become adults? J Child Psychol Psychiatry. (2011) 52(10):1015–25. doi: 10.1111/j.1469-7610.2011.02446.x



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Inattention, academic underachievement, and depressive symptoms: uncovering environmental and genetic pathways from middle to late childhood

		1. Introduction



		1.1. The roles of genetic and environmental factors as underlying factors



		1.2. The present study











		2. Materials and methods



		2.1. Sample



		2.2. Measures



		2.2.1. Inattention and hyperactivity/impulsivity



		2.2.2. Academic achievement



		2.2.3. Depressive symptoms



		2.2.4. Control variables











		2.3. Analyses











		3. Results



		3.1. Phenotype-to-phenotype associations



		3.2. Robustness to covariates











		4. Discussion



		5. Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Child and Adolescent Psychiatry

Inattention, academic underachievement,
and depressive symptoms: uncovering
environmental and genetic pathways
from middle to late childhood





OPS/images/frcha-02-1113938-g003.jpg
Inattention Achievement
K-G1 G3-G4
51 .86 .61 79
1.33,.62) .79, .94] [00,.75] (.66, 1.00]






OPS/images/frcha-02-1113938-g002.jpg
Inattention
K-G1

65
160,.69]

Hyp./imp.
K-G1

-60
(-68,-53]

Achievement
G2-G3






OPS/images/frcha-02-1113938-g001.jpg
.00 .00 1.00 .00 =7 .82 59 .00 .81
[00,.49]  [00,.51] [82,1.00] 100,.77)  (00,.77)  (64,1.00) (36,75]  [00,.63] [66,.93]

®O©®









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Child and Adolescent Psychiatry





OPS/images/frcha-02-1113938-t001.jpg
1. Inattention 082 062
2. Academic achievement -051" 305 102
3. Depressive symptoms 013 -017" 125 028
4. Hyperactivity-impulsivity 065" -025" 012 052 053
5. Victimization 0.36% -0.24* —0.24* 043 0.28 0.37
6. Teacher-child relationship —0.29" 0.19* -0.01 —0.28* -0.26* 4.24 0.62
7. Disruptive behaviors 0.42* -0.22* 0.07 0.66* 0.54% —0.45* 031 0.32

*n<0.05.





OPS/images/frcha-02-1113938-t002.jpg
Measure (4

Estimate | 95% CI Estimate

Cross-twin
Inattention 0.49 10 0.69 0.26 10 0.47
Hyp./Imp. X 0.56 10 0.77 020 10 0.42
Achievement 070 10 085 2 035 10 0.56
Dep. Sx. 0.18 10 050 0.03 10 0.36

Cross-trait twil
Inattention—Hyp./Imp. 037 10 056 016 10 0.34

Inattention—Achievement ~051t0~0.31 ~0.38 10 ~0.19
Inattention—Dep. Sx. X ~0.06 10 0.18 0,00 10 0.20

Hyp./Imp.—Achievement ~026 10 ~0.04 ~0.2910 -0.11
Hyp./Imp.—Dep. Sx. X —0.04 t0 0.21 X ~004 10 0.16
Achievement—Dep. Sx. ~0.15 10 0.13 —0.25 10 —0.08

Hyp./Imp. = Dep. Sx.=depr symptoms;  MZ
monozygotic; DZ, dizygotic.
*p < 05.





OPS/images/frcha-02-1113938-t003.jpg
Y-B x* | Scaling | df | CFI | TLI | RMSEA

Model 1: baseline model 86.159" | 116 | 61 | 0973 0976 0039
Model 2: final model 92923* | 110 | 68 | 0973 0979 | 0037
Model 3: model 2 + 123846 | 109 |95 0970 0976 0034

covariates

Y-8 * = Yuan-Bentler 3*; CFI, Comparative Fit Index; TLI, Tucker-Lewis Index;

RMSEA, Root-Mean Square Error of Approximation
*p<.05.
Al rcidets coniiol for ypeactityrmauliin:





