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Abstract

In this article, we review evidence from recent behavior genetic studies that examined the 

covariance among common childhood psychopathological conditions and tested specific 

hypotheses regarding common and broadband-specific underlying features of childhood 

psychopathology. Specifically, we review the distinction between internalizing and externalizing 

disorders, the support for the generalist genes and specialist environments model, negative 

emotionality as a heritable underlying feature common to both internalizing and externalizing 

disorders, and daring as a heritable broadband-specific underlying feature that distinguishes 

externalizing disorders from internalizing disorders. We also discuss the implications of research 

in the search for specific genes that influence childhood psychopathology and suggest avenues for 

new research.
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Comorbidity in Childhood Psychopathology

Comorbidity, or the co-occurrence of two disorders in the same individual, is the norm 

rather than the exception across common psychiatric disorders and development. 

Comorbidity among childhood psychiatric disorders often exceeds the rate expected by 

chance, with a meta-analysis reporting odds ratios ranging from 3.0 to 10.7, and noting that 

comorbidity cannot be attributed to methodological artifacts such as referral bias, rater 

expectancies, or nonspecific symptoms (1). Significant comorbidity appears as early as the 

preschool years—odds ratios of 1.81 to 18.44 in one study (2) and 4.4 to 26 in another (3), 

with few exceptions of nonsignificant comorbidity. Comorbidity is associated with greater 

impairment and less optimal course and prognosis. For example, comorbid symptoms of 

oppositional defiant disorder or conduct disorder (CD) in children with attention deficit 
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hyperactivity disorder (ADHD) are associated with less optimal course and prognosis of 

ADHD itself, family dynamics, and educational outcomes, and greater risk for other 

disorders (4).

Researchers have posed alternative hypotheses for comorbidity (e.g., 5–6) and used different 

methods designed to identify the correct model (e.g., 7–8). Genetically informative research 

(e.g., twin and adoption studies) is useful in examining the etiology and comorbidity among 

psychiatric disorders. In this article, we review recent behavior genetic studies that 

examined the covariance among common childhood psychopathological conditions and 

tested specific hypotheses regarding common and broadband-specific underlying features of 

childhood psychopathology, and we explore how these results inform the search for specific 

genes that influence childhood psychopathology.

Twin studies take advantage of the fact that monozygotic (MZ) twins share 100 percent of 

their genes, whereas dizygotic (DZ) twins share 50 percent of segregating genes on average. 

Comparing the similarity of a trait in MZ versus DZ twins allows us to estimate the 

magnitude of variance of that trait in a population that is explained by genes (i.e., 

heritability), environmental influences leading to similarity between siblings (shared 

environment), and environmental influences leading to differences between siblings 

(nonshared environment). The magnitude of these influences on the covariance among 

disorders can be estimated by examining in MZ and DZ twins the correlation between the 

first disorder in one twin and the second disorder in the other twin. The hypothesis of 

genetic influences on the covariance between two disorders is supported if the correlation is 

greater in MZ than in DZ twins. In interpreting findings such as these, we must remember 

that twin studies are limited in their ability to detect nonadditive genetic influences and 

assume that the environment of MZ twin pairs is no more similar than that of DZ twin pairs.

Heritability increases significantly with age (e.g., see 9 for a meta-analysis), which may 

reflect individuals’ increasing ability and tendency to select their own environments as they 

grow older (i.e., active genotype-environment correlation). We should also consider the 

interaction between genotype and the environment because unrecognized interactions may 

lead to overestimating heritability in twin studies (10).

Evidence for the Internalizing-Externalizing Model

Multivariate studies of behavior problems provided the first evidence for the internalizing-

externalizing model of psychopathology, supporting two broadband syndromes: 

internalizing or overcontrolled behavior characterized by anxiety and depression, and 

externalizing or undercontrolled behavior characterized by hyperactivity, aggression, and 

delinquency (e.g., 11). Much of the early work on the factor structure of psychiatric 

disorders examined adults. For example, one meta-analysis (12) reported separate but 

moderately correlated internalizing and externalizing latent factors. More recently, studies 

examining psychiatric disorders in children and adolescents (e.g., 13–14), including 

preschool children (15), have distinguished internalizing from externalizing disorders.

Two behavior genetics studies tested alternative models explaining comorbidity among 

many common psychiatric disorders in childhood and adolescence (13–14). Despite 
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differences in the methods used and the specific phenotypes examined, they reached similar 

conclusions. One study examined three internalizing and three externalizing disorders in 12- 

to 18-year-old twins (13). A bivariate common factor model fit the data well, with a large 

genetic correlation between the latent internalizing and externalizing factors (r = .72) that 

was mostly due to common genetic influences (62 percent). Disorder-specific causes were 

mostly nonshared environmental influences. Another study, of 9- to 17-year-old twins that 

examined scores for 11 disorders, found separate but highly correlated (r = .89) internalizing 

and externalizing genetic factors (14). An alternative model including a general factor 

reflecting global genetic risk for psychopathology fit the data significantly better. As in the 

study of 12- to 18-year-old twins (13), dimension-specific genetic influences typically were 

modest. The results of both studies are consistent with the view of significant common 

genetic influences on all psychopathology but mostly nonshared environmental influences 

on specific disorders, which has been called the generalist gene and specialist environments 

model (16). Researchers examining common psychiatric disorders in adults have concluded 

similarly (e.g., 17).

Seemingly Paradoxical Results Regarding the Covariance Between 

Internalizing and Externalizing Disorders

Associations between internalizing and externalizing disorders sometimes differ. The meta-

analysis mentioned earlier (1) suggests greater comorbidity between depression and 

externalizing disorders (odds ratios of 5.5 to 6.6) than between anxiety disorders and 

externalizing disorders (odds ratios of 3.0 to 3.1), and studies examining co-occurrence of 

diagnoses in preschool children found nonsignificant comorbidity between anxiety disorders 

and ADHD (2–3). Having an internalizing disorder, particularly anxiety disorders and 

symptoms, may protect against externalizing disorders. In two other studies, boys with 

comorbid CD and anxiety symptoms had fewer conduct problems than boys with CD alone 

(18), and inhibited and fearful children were at greater risk of developing internalizing 

symptoms but at decreased risk for developing externalizing symptoms (19). Also, the 

presence of internalizing symptoms predicted less risk of reoffending among juvenile 

delinquents (20). In two other studies, children with reduced levels of anxiety had more 

callous-unemotional traits, a strong predictor of antisocial behavior (21), and social anxiety 

was associated negatively with symptoms of conduct disorder among children and 

adolescents with ADHD (22).

A Hierarchical Model of the Etiology of Childhood Psychopathology

Weiss, Süsser, and Catron (23) conceptualized the underlying causal factors influencing 

childhood psychopathology in three levels: common features distinguishing both 

internalizing and externalizing disorders from normality, broadband-specific features 

distinguishing internalizing disorders from externalizing disorders, and narrow-band-

specific features that discriminate disorders within the internalizing and externalizing 

categories. Lilienfeld (24) suggested that the disposition toward negative emotionality, or 

the pervasive disposition to experience unpleasant affective states of many kinds, is a 

common underlying feature that increases the risk for both internalizing and externalizing 

disorders. Broadband-specific underlying features that may distinguish internalizing from 
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externalizing disorders include child unadaptability for internalizing disorders (e.g., 19), 

peer rejection for externalizing disorders and peer neglect for internalizing disorders (e.g., 

19), and behavioral disinhibition for externalizing disorders (e.g., 25).

Lahey and Waldman (26) proposed similar hypotheses. Their model also suggests negative 

emotionality (also referred to as neuroticism) as a common feature underlying all childhood 

psychopathology. Daring, characterized by being adventurous and enjoying loud, rough, and 

risky activities, may be a broadband-specific underlying feature for externalizing disorders 

that is either unrelated to or associated negatively with internalizing disorders. Daring is 

similar to behavioral disinhibition and novelty seeking, and is associated inversely with 

harm avoidance, shyness, and behavioral inhibition. This model may explain the seemingly 

paradoxical relations between internalizing and externalizing disorders. That is, internalizing 

problems that reflect negative emotionality may be associated positively with externalizing 

problems, whereas internalizing problems that reflect low daring may protect against 

developing conduct problems. Lahey et al. (27) expanded their hypotheses to differentiate 

depression from anxiety, with anxiety symptoms predicted to be associated negatively with 

daring, whereas depressive symptoms were predicted to be uncorrelated with daring.

Negative Emotionality as a Common Underlying Feature and Daring as a 

Broadband-Specific Underlying Feature

Studies of children, adolescents, and adults support Lahey and Waldman’s (26) model. 

Negative emotionality or neuroticism has been associated significantly with both 

internalizing and externalizing behavior or disorders in several studies (e.g., 19, 28–29), 

whereas daring and similar constructs have been associated significantly with externalizing 

behavior or disorders in other studies (e.g., 25). Also, other studies have found common 

genetic influences between neuroticism and both internalizing and externalizing disorders, 

including a significant genetic correlation between negative emotionality or neuroticism and 

depression (e.g., 30–31), neuroticism and symptoms of anxiety (e.g., 30), and negative 

emotionality and externalizing behaviors and disorders (e.g., 32–33). Studies have also 

found common genetic influences between novelty seeking/daring and externalizing 

disorders (32–33).

Studies examining the degree to which temperament and personality traits explain the 

comorbidity between internalizing and externalizing disorders provide additional support for 

the Lahey and Waldman model (26). Children with high levels of neuroticism have higher 

rates of comorbid internalizing and externalizing behaviors (19), and negative emotionality 

predicted more accurately having both internalizing and externalizing disorders than pure 

internalizing or externalizing disorders in children (28). In a study of adults, neuroticism 

explained 20–45 percent of the comorbidity among internalizing disorders, 10–12 percent of 

the comorbidity among externalizing disorders, and 19–88 percent of the comorbidity 

between internalizing and externalizing disorders (34). In contrast, novelty seeking 

accounted for 7–14 percent of the comorbidity among externalizing disorders, but not 

among internalizing disorders or between internalizing and externalizing disorders. Also, in 

a study of 6- to 18-year-old twins, genetic influences on the comorbidity between major 
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depressive disorder (MDD) and CD were shared entirely with those influencing negative 

emotionality, at least for males (31).

Three recent twin studies examined the covariance between personality dimensions and 

many internalizing and externalizing disorders. The first, a study of 7- to 13-year-old twins, 

examined negative affect and symptoms of six internalizing disorders and three 

externalizing disorders (35). The negative affect, internalizing, and externalizing latent 

factors had significant common genetic, shared environmental, and nonshared 

environmental influences. The study also found unique shared environmental influences on 

the negative affect factor, unique genetic influences on the internalizing factor, and unique 

genetic and shared environmental influences on the externalizing factor.

A second twin study examined parent and self reports of personality and psychopathology 

symptoms in 6- to 17-year-olds (36). The model included a general factor influencing all 

psychopathology and specific externalizing and internalizing factors. Negative emotionality 

was associated significantly with the general factor at the phenotypic level, and genetic 

influences on the general factor correlated significantly with those influencing negative 

emotionality for both parent and self reports. Daring was associated positively with the 

specific externalizing factor and negatively with the specific internalizing factor for both 

parent and self reports. Results from the genetic models were not as consistent across parent 

and self reports. The correlation between the genetic influences on the general factor and 

daring was significant only for parent reports, whereas the correlation between genetic 

influences on the specific externalizing factor and daring was significant only for self 

reports. Genetic influences on the specific internalizing factor did not correlate with those on 

daring.

A third twin study, of 12- to 18-year-olds, examined the covariance among self-reported 

neuroticism, novelty seeking, and six psychiatric disorders (37). Genetic and nonshared 

environmental influences on neuroticism explained the covariance among internalizing 

disorders, among externalizing disorders, and between internalizing and externalizing 

disorders. Genetic influences shared in common with novelty seeking explained the 

covariance among externalizing disorders and the covariance between major depressive 

disorder and externalizing disorders, but not covariances within internalizing disorders or 

between anxiety disorders and externalizing disorders. Influences shared by neuroticism and 

novelty seeking explained completely the covariance among the six psychiatric disorders.

The results of these three studies support the hypothesis that neuroticism or negative 

emotionality is a heritable common underlying feature explaining the overlap between 

internalizing and externalizing disorders. In addition, the results support the hypothesis that 

daring is a broadband-specific underlying feature that is associated with externalizing 

disorders and differentiates internalizing and externalizing disorders (36). They also support 

the hypothesis that daring may distinguish anxiety and externalizing disorders more than 

depression and externalizing disorders (37). However, results were not as clear as those for 

negative emotionality. In the second twin study (36), genetic influences on the general factor 

were related to daring for parent reports, and in the third study (37), genetic influences on 
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novelty seeking explained the covariance between major depressive disorder and 

externalizing disorders.

Summary and Looking Ahead

Comorbidity among psychiatric disorders is the norm rather than the exception across 

development. The nature of this comorbidity has been clarified by examining temperament 

or personality dimensions as predictors of psychopathology in genetically informative 

samples. Several lines of evidence converge across studies examining comorbidity in 

childhood psychopathology. First, studies support distinguishing internalizing from 

externalizing disorders from the preschool years to adulthood. Second, research also 

supports the model of generalist genes and specialist environments, with disorder-specific 

influences being mostly nonshared environmental influences. Third, negative emotionality is 

a heritable common underlying feature explaining the overlap between internalizing and 

externalizing disorders. Fourth, although evidence is less consistent, daring is a heritable 

broadband-specific underlying feature that distinguishes externalizing from internalizing 

disorders.

Looking ahead, several lines of research will increase our understanding of the covariance 

between internalizing and externalizing disorders. First, additional studies need to examine 

whether fear and distress disorders can be distinguished in childhood and adolescence. 

Second, we need additional studies examining broadband-specific underlying features for 

internalizing disorders. Third, we need to learn more about narrow-band-specific underlying 

features differentiating specific disorders within the internalizing and externalizing classes, 

although studies suggest that these are likely influenced by the nonshared environment.

The evidence from the twin studies reviewed in this article is starting to be confirmed by 

other research designs that do not have the same assumptions, such as genome-wide 

association scans (GWAS) and sequencing studies. Several studies suggest that single 

nucleotide polymorphisms on current GWAS platforms explain a significant proportion of 

genetic variance for both internalizing (e.g., 38) and externalizing (e.g., 39) phenotypes and 

neuroticism, a common feature underlying both internalizing and externalizing disorders 

(e.g., 40). Also, GWAS data have demonstrated common additive genetic influences on 

many psychiatric disorders, including a modest overlap between those influencing MDD and 

ADHD (41).

The search for genes that influence psychopathology may be facilitated by a hierarchical 

perspective (e.g., 14), in which some genes are hypothesized to influence risk for 

psychopathology nonspecifically through underlying common features such as negative 

emotionality, whereas others are hypothesized to be specific to a certain dimension. The 

focus on dispositional traits is consistent with the National Institute of Mental Health’s 

Research Domain Criteria initiative, which was motivated in part by the understanding that 

common genetic influences underlie many psychiatric disorders (e.g., 42). The initiative 

aims to shift research from clinical description toward identifying trait-like psychological 

constructs that cut across psychiatric disorders (e.g., 43). It also endorses genetic studies that 

use a dimensional approach agnostic to contemporary diagnostic classifications, starting 
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with major domains hypothesized to link directly to psychopathological mechanisms, 

including negative affect (e.g., 44).

Acknowledgments

This work was supported by National Institutes of Health grants HD050346, DA011015, and P50MH94267.

References

1. Angold A, Costello JE, Erkanli A. Comorbidity. Journal of Child Psychology and Psychiatry. 1999; 
40:57–87. [PubMed: 10102726] 

2. Bufferd SJ, Dougherty LR, Carlson GA, Klein DN. Parent-reported mental health in preschoolers: 
Findings using a diagnostic interview. Comprehensive Psychiatry. 2011; 52:359–369. [PubMed: 
21683173] 

3. Egger HL, Angold A. Common emotional and behavioral disorders in preschool children: 
presentation, nosology, and epidemiology. Journal of Child Psychology and Psychiatry, and Allied 
Disciplines. 2006; 47:313–337.

4. Connor DF, Steeber J, McBurnett K. A review of attention-deficit/hyperactivity disorder 
complicated by symptoms of oppositional defiant disorder or conduct disorder. Journal of 
Developmental and Behavioral Pediatrics. 2010; 31:427–440. [PubMed: 20535081] 

5. Klein, DN.; Riso, LP. Psychiatric disorders: Problems of boundaries and comorbidity. In: Costello, 
CG., editor. Basic issues in psychopathology. New York, NY: Guilford Press; 1993. p. 19-66.

6. Lilienfeld SO, Waldman ID, Israel AC. A critical note on the use of the term and concept of 
“comorbidity” in psychopathology research. Clinical Psychology: Science and Practice. 1994; 1:71–
83.

7. Neale MC, Kendler KS. Models of comorbidity for multifactorial disorders. American Journal of 
Human Genetics. 1995; 57:935–953. [PubMed: 7573055] 

8. Rhee SH, Hewitt JK, Corley RP, Willcutt EG, Pennington BF. Testing hypotheses regarding the 
causes of comorbidity: Examining the underlying deficits of comorbid disorders. Journal of 
Abnormal Psychology. 2005; 114:346–362. [PubMed: 16117572] 

9. Bergen SE, Gardner CO, Kendler KS. Age-related changes in heritability of behavioral phenotypes 
over adolescence and young adulthood: A meta-analysis. Twin Research and Human Genetics. 
2007; 10:423–433. [PubMed: 17564500] 

10. Plomin R, DeFries JC, Loehlin JC. Genotype-environment interaction and correlation in the 
analysis of human behavior. Psychological Bulletin. 1977; 84:309–322. [PubMed: 557211] 

11. Achenbach TM, Edelbrock CS. Psychopathology of childhood. Annual Review of Psychology. 
1984; 35:227–256.

12. Krueger RF, Markon KE. Reinterpreting comorbidity: A model-based approach to understanding 
and classifying psychopathology. Annual Review of Clinical Psychology. 2006; 2:111–133.

13. Cosgrove VE, Rhee SH, Gelhorn HL, Boeldt D, Corley RC, Ehringer MA, Young SE, Hewitt JK. 
Structure and etiology of co-occurring internalizing and externalizing disorders in adolescents. 
Journal of Abnormal Psychology. 2011; 39:109–123.

14. 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. Archives of 
General Psychiatry. 2011; 68:181–189. [PubMed: 21300945] 

15. Olino TM, Dougherty LR, Bufferd SJ, Carlson GA, Klein DN. Testing models of psychopathology 
in preschool-aged children using a structured interview-based assessment. Journal of Abnormal 
Child Psychology. 2014; 42:1201–1211. [PubMed: 24652485] 

16. Eley T. General genes: A new theme in developmental psychopathology. Current Directions in 
Psychological Science. 1997; 6:90–95.

17. Kendler KS, Aggen SH, Knudsen GP, Røysamb E, Neale MC, Reichborn-Kjennerud T. The 
structure of genetic and environmental risk factors for syndromal and subsyndromal common 

Rhee et al. Page 7

Child Dev Perspect. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DSM-IV Axis I and Axis II disorders. American Journal of Psychiatry. 2011; 168:29–39. 
[PubMed: 20952461] 

18. Walker JL, Lahey BB, Russo MF, Frick PJ, Christ MAG, McBurnett K, Loeber R, Stouthamer-
Loeber M, Green SM. Anxiety, inhibition, and conduct disorder in children: I. Relations to social 
impairment. Journal of the American Academy of Child and Adolescent Psychiatry. 1991; 30:187–
191. [PubMed: 2016220] 

19. Keiley MK, Lofthouse N, Bates JE, Dodge KA, Pettit GS. Differential risks of covarying and pure 
components in mother and teacher reports of externalizing and internalizing behavior across ages 5 
to 14. Journal of Abnormal Child Psychology. 2003; 31:267–283. [PubMed: 12774860] 

20. Quay HC, Love CT. The effect of a juvenile diversion program of rearrests. Criminal Justice and 
Behavior. 1977; 4:377–396.

21. Polier GG, Herpertz-Dahlmann B, Matthias K, Konrad K, Vloet TD. Associations between trait 
anxiety and psychopathological characteristics of children at high risk for severe antisocial 
development. Attention Deficit and Hyperactivity Disorders. 2010; 2:185–193. [PubMed: 
21432605] 

22. Bilgiç A, Türkoğlu S, Ozcan O, Tufan AE, Yılmaz S, Yüksel T. Relationship between anxiety, 
anxiety sensitivity and conduct disorder symptoms in children and adolescents with attention-
deficit/hyperactivity disorder (ADHD). European Child & Adolescent Psychiatry. 2013; 22:523–
532. [PubMed: 23460041] 

23. Weiss B, Süsser K, Catron T. Common and specific features of childhood psychopathology. 
Journal of Abnormal Psychology. 1998; 107:118–127. [PubMed: 9505044] 

24. Lilienfeld SO. Comorbidity between and within childhood externalizing and internalizing 
disorders: Reflections and directions. Journal of Abnormal Childhood Psychology. 2003; 31:285–
291.

25. Young SE, Friedman NP, Miyake A, Willcutt EG, Corley RP, Haberstick BC, Hewitt JK. 
Behavioral disinhibition: Liability for externalizing spectrum disorders and its genetic and 
environmental relation to response inhibition across adolescence. Journal of Abnormal 
Psychology. 2009; 118:117–130. [PubMed: 19222319] 

26. Lahey, BB.; Waldman, ID. A developmental propensity model of the origins of conduct problems 
during childhood and adolescence. In: Lahey, BB.; Moffit, TE.; Caspi, A., editors. Causes of 
conduct disorder and juvenile delinquency. New York, NY: Guilford Press; 2003. p. 76-117.

27. Lahey BB, Applegate B, Chronis AM, Jones HA, Williams SH, Loney J, Waldman ID. 
Psychometric characteristics of a measure of emotional dispositions developed to test a 
developmental propensity model of conduct disorder. Journal of Clinical Child & Adolescent 
Psychology. 2008; 37:794–807. [PubMed: 18991130] 

28. Eisenberg N, Valiente C, Spinrad TL, Liew J, Zhou Q, Losoya SH, Cumberland A. Longitudinal 
relations of children’s effortful control, impulsivity, and negative emotionality to their 
externalizing, internalizing, and co-occurring behavior problems. Developmental Psychology. 
2009; 45:988–1008. [PubMed: 19586175] 

29. Rhee SH, Cosgrove VE, Schmitz S, Haberstick BC, Corley RC, Hewitt JK. Early childhood 
temperament and the covariation between internalizing and externalizing behavior in school-aged 
children. Twin Research and Human Genetics. 2007; 10:33–44. [PubMed: 17539363] 

30. Kendler KS, Gardner CO, Gatz M, Pedersen NL. The sources of co-morbidity between major 
depression and generalized anxiety disorders in the Swedish national twin sample. Psychological 
Medicine. 2007; 37:453–462. [PubMed: 17121688] 

31. Tackett JL, Waldman ID, Van Hulle CA, Lahey BB. Shared genetic influences on negative 
emotionality and major depression/conduct disorder comorbidity. Journal of the American 
Academy of Child and Adolescent Psychiatry. 2011; 50:818–827. [PubMed: 21784301] 

32. Taylor J, Allan N, Mikolajewski AJ, Hart SA. Common genetic and nonshared environmental 
factors contribute to the association between socioemotional dispositions and the externalizing 
factor in children. Journal of Child Psychology and Psychiatry, and Allied Disciplines. 2013; 
54:67–76.

Rhee et al. Page 8

Child Dev Perspect. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



33. Waldman ID, Tackett JL, Van Hulle CA, Applegate B, Pardini D, Frick PJ, Lahey BB. Child and 
adolescent conduct disorder substantially shares genetic influences with three socioemotional 
dispositions. Journal of Abnormal Psychology. 2011; 120:57–70. [PubMed: 21142331] 

34. Khan AA, Jacobson KC, Gardner CO, Prescott CA, Kendler KS. Personality and comorbidity of 
common psychiatric disorders. British Journal of Psychiatry. 2005; 186:190–196. [PubMed: 
15738498] 

35. Mikolajewski AJ, Allan NP, Hart SA, Lonigan CJ, Taylor J. Negative affect shares genetic and 
environmental influences with symptoms of childhood internalizing and externalizing disorders. 
Journal of Abnormal Child Psychology. 2013; 41:411–423. [PubMed: 23011215] 

36. Tackett JL, Lahey BB, Van Hulle C, Waldman I, Krueger RF, Rathouz PJ. Common genetic 
influences on negative emotionality and a general psychopathology factor in childhood and 
adolescence. Journal of Abnormal Psychology. 2013; 122:1142–1153. [PubMed: 24364617] 

37. Hink LK, Rhee SH, Corley RP, Cosgrove VE, Hewitt JK, Schulz-Heik RJ, Lahey BB, Waldman 
ID. Personality dimensions as common and broadband-specific features for internalizing and 
externalizing disorders. Journal of Abnormal Child Psychology. 2013; 41:939–957. [PubMed: 
23474797] 

38. Lubke GH, Hottenga JJ, Walters R, Laurin C, de Geus EJC, Willemsen G, Smit JH, Middeldorp 
CM, Penninx BWJH, Vink JM, Boomsma DI. Estimating the genetic variance of major depressive 
disorder due to all single nucleotide polymorphisms. Biological Psychiatry. 2012; 72:707–709. 
[PubMed: 22520966] 

39. Vrieze SI, Feng S, Miller MB, Hicks BM, Pankratz N, Abecasis GR, Iacono WG, McGue M. Rare 
nonsynonymous exonic variants in addiction and behavioral disinhibition. Biological Psychiatry. 
2014; 75:783–789. [PubMed: 24094508] 

40. Vinkhuyzen AAE, Pedersen NL, Yang J, Lee SH, Magnusson PKE, Iacono WG, Wray NR. 
Common SNPs explain some of the variation in the personality dimensions of neuroticism and 
extraversion. Translational Psychiatry. 2012; 2:e102. [PubMed: 22832902] 

41. Cross-disorder Group of the Psychiatric Genomics Consortium. Genetic relationship between five 
psychiatric disorders estimated from genome-wide SNPs. Nature Genetics. 2013; 45:984–994. 
[PubMed: 23933821] 

42. Cuthbert BN, Kozak MJ. Constructing constructs for psychopathology: The NIMH research 
domain criteria. Journal of Abnormal Psychology. 2013; 122:928–937. [PubMed: 24016027] 

43. Simmons JM, Quinn KJ. The NIMH Research Domain Criteria (RDoC) Project: Implications for 
genetics research. Mammalian Genome: Official Journal of the International Mammalian Genome 
Society. 2014; 25:23–31. [PubMed: 24085332] 

44. Sanislow CA, Pine DS, Quinn KJ, Kozak MJ, Garvey MA, Heinssen RK, Cuthbert BN. 
Developing constructs for psychopathology research: Research domain criteria. Journal of 
Abnormal Psychology. 2010; 119:631–639. [PubMed: 20939653] 

Rhee et al. Page 9

Child Dev Perspect. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


