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ABSTRACT 37 

Background: A joint, hierarchical structure of psychopathology and personality has been 38 

reported in adults but should also be investigated at earlier ages, as psychopathology often 39 

develops before adulthood. Here, we investigate the joint factor structure of 40 

psychopathology and personality in eight-year-old children, estimate factor heritability and 41 

explore external validity through associations with established developmental risk factors.  42 

Methods: Phenotypic and biometric exploratory factor analyses with bifactor rotation on 43 

genetically informative data from the Norwegian Mother, Father, and Child Cohort (MoBa) 44 

study. The analytic sub-sample comprised 10,739 children (49% girls). Mothers reported 45 

their children’s symptoms of depression (Short Moods and Feelings Questionnaire), anxiety 46 

(Screen for Anxiety Related Disorders), ADHD inattention and hyperactivity, oppositional-47 

defiant disorder, conduct disorder (Parent/Teacher Rating Scale for Disruptive Behaviour 48 

Disorders), and Big Five personality (short Hierarchical Personality Inventory for Children). 49 

Developmental risk factors (early gestational age and being small for gestational age) were 50 

collected from the Medical Birth Registry. 51 

Results: Goodness-of-fit indices favored a p factor model with three residual latent factors 52 

interpreted as negative affectivity, positive affectivity, and antagonism, whereas 53 

psychometric indices favored a one-factor model. ADE solutions fitted best, and regression 54 

analyses indicated a negative association between gestational age and the p factor, for both 55 

the one- and four-factor solutions.   56 

Conclusion: Correlations between normative and pathological traits in middle childhood 57 

mostly reflect one heritable and psychometrically interpretable p factor, although optimal fit 58 

to data required less interpretable residual latent factors. The association between the p 59 

factor and low gestational age warrants further study of early developmental mechanisms.  60 
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INTRODUCTION 61 

In psychopathology, comorbidity is common. Around half of people who meet diagnostic 62 

criteria for one disorder simultaneously meet criteria for other disorders (Newman, Moffitt, 63 

Caspi, & Silva, 1998). The need to understand comorbidity in mental health has inspired 64 

research on the structure of psychopathology using factor-analytic methods. A two-factor 65 

model, encompassing an internalizing factor characterized by negative mood states and 66 

behavioral inhibition, and an externalizing factor, characterized by behavioral disinhibition 67 

explain cross-disorder correlations well in samples of both children (Achenbach, 1992) and 68 

adults (Krueger, 1999). However, the extensive cross-correlation between the internalizing 69 

and externalizing spectra themselves (Cosgrove et al., 2011; B. B. Lahey et al., 2008) has 70 

made the notion of a continuous general factor of psychopathology (often referred to as p; 71 

Caspi et al., 2014) increasingly popular in summarizing and explaining liability to 72 

psychopathology (although other approaches to comorbidity exist – such as severity and 73 

directionality assessments (Marceau & Neiderhiser, 2022)).  74 

Cross-correlations and one overarching p factor of psychopathology suggest that 75 

categorical nosologies of psychopathology falls short of capturing the complexity in 76 

psychopathology. As a response, the Hierarchical Taxonomy of Psychopathology (HiTOP; 77 

Kotov et al., 2017) works towards an alternative nosology based on a dimensional model of 78 

psychopathology. Following this work, there is a growing consensus about the importance of 79 

personality (characteristic ways of thinking, feeling, and behaving) particularly in the form of 80 

the Big Five framework (Goldberg, 1990; McCrae & Costa, 1987), for psychopathology 81 

(Thomas A. Widiger et al., 2019). First, the HiTOP superspectra align closely with the Big Five 82 

personality dimensions (neuroticism, extraversion, openness, agreeableness, and 83 

conscientiousness; Kotov et al., 2017; Thomas A. Widiger et al., 2019), and p factors of 84 
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personality and psychopathology correlate strongly (McCabe, Oltmanns, & Widiger, 2022). 85 

Second, personality contributes substantially to different life outcomes (Ozer & Benet-86 

Martínez, 2006) including common mental disorders (e.g., Kotov, Gamez, Schmidt, & 87 

Watson, 2010). Third, the HiTOP postulates inclusion of personality traits assessment to 88 

predict future psychopathology (Thomas A. Widiger et al., 2019), recently demonstrated by 89 

Waszczuk et al., who found that personality traits better predicted future psychopathology 90 

than previous psychiatric diagnoses (Waszczuk et al., 2021).  91 

We and others have previously shown that correlations between personality and 92 

psychopathology can be rotated to a general behavioral risk factor (McCabe et al., 2022; 93 

Rosenström et al., 2018). However, attempts to investigate the joint factorial structure of 94 

psychopathology and personality have only been preliminary in childhood (Shields, Giljen, 95 

España, & Tackett, 2021). The p factor in childhood is poorly understood (Levin-Aspenson, 96 

Watson, Clark, & Zimmerman, 2020). Some find that p is predominantly linked with 97 

internalizing symptoms (B. B. Lahey, Van Hulle, Singh, Waldman, & Rathouz, 2011; Tackett et 98 

al., 2013), others with externalizing symptoms and inattention (Moore et al., 2020; Olino et 99 

al., 2018), particularly when personality is included (Slobodskaya, 2014). Mixed findings 100 

could be due to variations in content sampling and the age span included (Levin-Aspenson et 101 

al., 2020). In this study, we focus our investigation on middle childhood (age 8 years), a 102 

period marked by dramatic changes in self-regulation, executive functions, and 103 

mentalization (DelGiudice, 2018). As personality traits are more easily identifiable than 104 

psychopathology in prepubertal children, the present research could identify potential 105 

personality trait antecedents of psychopathology that may ultimately be intervened on.   106 

Critiques of the p factor put forward that the p factor is only descriptive, and not 107 

more than the sum of its parts (Fried, Greene, & Eaton, 2021). In the present study, we seek 108 
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to convey that the p factor is a useful construct in understanding etiology, thus moving 109 

beyond mere description, if it (1) captures early genetic and environmental risk for 110 

psychopathology in childhood, (2) demonstrates basic psychometric properties (Bonifay, 111 

Lane, & Reise, 2016), and (3) relates to putative early risk factors for psychopathology, in line 112 

with the nomological network thinking for construct validity (Cronbach & Meehl, 1955).   113 

The p factor and personality traits are heritable (Allegrini et al., 2020; Waldman, 114 

Poore, van Hulle, Rathouz, & Lahey, 2016). There is also evidence of genetic correlations 115 

between psychopathology and personality (Blonigen, Hicks, Krueger, Patrick, & Iacono, 2005; 116 

Bouchard & McGue, 2003; Czajkowski et al., 2018). However, the heritability of a common 117 

childhood p factor, with personality included, has not been estimated.  118 

Gestational age and being small for gestational age (SGA) are associated with poorer 119 

functioning in several domains (Gluckman & Hanson, 2006; Wolke, Johnson, & Mendonça, 120 

2019). For instance, children born preterm or with low birth weight have significantly more 121 

internalizing and externalizing problems in childhood, adolescence, and young adulthood 122 

(Hack et al., 2004; Laerum et al., 2019; Mathewson et al., 2017). SGA has been found to be 123 

associated with a p factor in adults when familial confounding is controlled for (Pettersson, 124 

Larsson, D'Onofrio, Almqvist, & Lichtenstein, 2019). One possible pathway from gestational 125 

risk factors to later psychopathology is through compromised brain development, for 126 

instance due to a lack of oxygen and nutrients during a critical period (Kapellou et al., 2006; 127 

Walhovd et al., 2012), another is through social factors such as parenting (Wolke et al., 128 

2019).  129 

Using a large, population-based birth cohort of eight-year-old children with measures 130 

on a broad range of psychopathology traits as well as on Big Five personality we aim to (1) 131 

explore the joint, hierarchical structure of psychopathology and personality traits in middle 132 



6 
 

childhood; (2) estimate genetic and environmental contributions to the obtained latent 133 

variables; and (3) investigate associations between putative early risk factors (gestational 134 

age and SGA) and the obtained latent variables.      135 

 136 

METHODS 137 

Sample 138 

This study is part of the Norwegian Mother, Father and Child Cohort Study (MoBa), 139 

conducted by the Norwegian Institute of Public Health. MoBa is a prospective, ongoing 140 

pregnancy cohort study (Magnus et al., 2016). Participants were recruited from 1999 to 2008 141 

at a routine ultrasound examination offered to all pregnant women in Norway at gestational 142 

week ≈ 18. The total sample includes >114,500 children, >95,000 mothers and >75,000 143 

fathers. In total, 41% of eligible women participated. The current study is based on the 144 

genetically informative subproject called the Intergenerational Transmission of Risk (ITOR), 145 

where the wider kinship (e.g., twins, siblings, cousins) between participants in both the 146 

parent and the child generation has been identified (eAppendix 1). The present study 147 

consisted of 10,739 children (49% girls) with a relative also participating in the MoBa study. 148 

In the study sample there were 117 monozygotic twin relations, 4,261 dizygotic twin and 149 

sibling relations, 108 half-sibling relations, 2354 cousin relations and 96 half-cousin relations. 150 

The additive genetic correlations between these types of relatives are 1.0, 0.5, 0.25, 0.125 151 

and 0.0625, respectively. Non-additive genetic correlations are 1.0 for monozygotic twins, 152 

0.25 for dizygotic twins and full siblings, and 0.00 for the rest of the relations. Among the 153 

relatives, there were 4,420 shared-mother relations (necessary to model shared 154 

environmental influences as discussed in the biometric modeling procedure below).   155 
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Version 11 of the quality-assured MoBa data files were used, released in 2018. 156 

Written informed consent was obtained from all participants upon recruitment. The 157 

establishment and data collection in MoBa was previously based on a license from the 158 

Norwegian Data protection agency and approval from The Regional Committee for Medical 159 

Research Ethics, and is now based on regulations related to the Norwegian Health Registry 160 

Act. The current study was approved by The Regional Committee for Medical Research 161 

Ethics. 162 

 163 

Measures 164 

Depressive symptoms were reported by mothers using the 13-item Short Moods and 165 

Feelings Questionnaire (SMFQ; Angold et al., 1995). Anxiety symptoms were reported by 166 

mothers using the five-item version of the Screen for Anxiety Related Disorders (SCARED; 167 

Birmaher et al., 1997). ADHD, oppositional-defiant disorder (ODD), and conduct disorder 168 

(CD) symptoms were reported by mothers using the Parent/Teacher Rating Scale for 169 

Disruptive Behaviour Disorders (RS-DBD; Silva et al., 2005). We analyzed inattention and 170 

hyperactivity in ADHD separately due to recent evidence on differential etiologies 171 

(Gustavson et al., 2021). Nine items were each used to measure ADHD inattention and 172 

hyperactivity, and 8 items to measure ODD and CD, respectively. We created sum scores of 173 

the scale items for each of the six traits.  174 

Big Five personality (neuroticism, extraversion, imagination, conscientiousness and 175 

benevolence/agreeableness) was reported by mothers using the short Hierarchical 176 

Personality Inventory for Children (HiPIC-30; Vollrath, Hampson, & Torgersen, 2016). Each 177 

personality trait was constructed using the sum of six items. More information on the 178 
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psychopathology and personality scales (e.g. items and response categories) can be found in 179 

MoBa’s instrument documentation (Jin, 2016).  180 

Measures of gestational age and birth weight were collected from the Medical Birth 181 

Registry, which contains information on all births in Norway from 1967 and onwards (Irgens, 182 

2000). Gestational age was centered on 40 weeks. Birth weight was included as SGA. This 183 

was a binary variable scored 1 for those who weighed less than 2 standard deviations below 184 

expected birth weight and zero otherwise, as defined by Marsál (Marsál et al., 1996). 185 

 186 

Statistical analyses 187 

Horn’s parallel analysis (Horn, 1965) was conducted as an initial test of how many latent 188 

factors to include. We proceeded by fitting several bifactor exploratory factor analysis (EFA) 189 

models to the data, and evaluated each latent factor on both goodness-of-fit and 190 

psychometric indices. Regarding psychometric indices, we emphasized the H-index (H>0.70), 191 

which is a measure of how well the latent variable is defined by its indicators (Rodriguez, 192 

Reise, & Haviland, 2016). Other indices were also included for comprehensiveness (short 193 

descriptions in Table 1). These are discussed thoroughly elsewhere (Rodriguez et al., 2016). 194 

Next, we selected the best fitting model(s) and ran biometric EFA versions of these to 195 

investigate etiology and criterion validity. With respect to the biometric modelling, we 196 

distinguish between additive genetic- (A), non-additive/dominance genetic- (D), common 197 

environmental- (C) and unique environmental influences (E). The correlation structure of A 198 

and D among individuals was specified according to the additive and non-additive genetic 199 

correlations derived from the pedigree structure (described above). We defined C as an 200 

environmental component shared among individuals with the same mother, and E was 201 
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defined as an environmental component unique to the individual. The common factor model 202 

assumes that the responses relating to an individual (𝒚) can be described as 203 

𝒚 = 𝚲𝜼 + 𝝐, 204 

where 𝚲 is the factor loading matrix, 𝜼 a vector of common factors and 𝝐 a vector of unique 205 

factors. In the biometric extension of the factor model we specified that the common and 206 

unique factors are a function of genetic and environmental components, e.g.: 207 

𝜼 = 𝑨𝒄 +𝑫𝒄 + 𝑪𝒄 + 𝑬𝒄, 208 

𝝐 = 𝑨𝒖 +𝑫𝒖 + 𝑪𝒖 + 𝑬𝒖. 209 

Given the current pedigree it is statistically difficult to distinguish C from D effects. We 210 

therefore ran ACE and ADE models separately. The six symptom clusters and five personality 211 

traits were first residualized on child sex. Full information maximum likelihood was used to 212 

fit the models, and the factor loadings matrix was rotated using the Jennrich-Bentler 213 

orthogonal bifactor rotation (Jennrich & Bentler, 2011) with the function bifactorT in the 214 

GPArotation package in R (Bernaards & Jennrich, 2005). Here, a single general factor is 215 

isolated that explains covariance between all symptom clusters and traits, in addition to 216 

residual latent factors that are uncorrelated with the general factor and explain residual 217 

covariance between clusters of variables not accounted for by the general factor (Jennrich & 218 

Bentler, 2011). Genetic and environmental sources of variance on the rotated common 219 

factors were estimated, along with genetic and environmental residual variance for each 220 

trait. We first estimated a full model, in which A, C/D and E influences were allowed both on 221 

the latent factors and the observed traits. We then tested fixing the C/D effects on the 222 

residuals of the observed traits to zero, while retaining them on the latent factors. The most 223 

restricted model was a model where C/D was fixed to zero both on latent factors and 224 

observed-trait residuals. The nested sub-models were compared to the full models using 225 
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Akaike’s Information Criterion (AIC; Akaike, 1987). As bifactor rotation solutions have been 226 

criticized for being unstable, we also simulated how stable the best fitting solution was in 227 

this dataset (eAppendix 2).  228 

To investigate their associations with gestational age and birth weight, the general 229 

psychopathology factor as well as the residual latent factors were each regressed onto 230 

gestational age and SGA in a joint model including the best fitting biometric structure. 231 

Gestational age was allowed both a linear and quadratic association with the latent factors. 232 

The modeling procedures were conducted in R, using the svcmr package (code available at 233 

https://github.com/espenmei/svcmr).  234 

 235 

RESULTS 236 

Model fitting 237 

A correlation matrix of the traits is shown in Figure 1. Horn’s parallel test indicated three 238 

factors (Figure S1). The four-factor model (Figure 2a) had a superior fit according to the 239 

goodness-of-fit indices (Table 1) and was also highly stable in this dataset (eAppendix 2).  240 

However, only a one-factor model (Figure 2b) satisfied psychometric criteria for 241 

interpretability (e.g., H>0.7; Table 1).  242 

Twin- and sibling correlations indicated that an ADE model would fit the data best 243 

(Figure S2). This was confirmed by goodness-of-fit indices for both the four- and one-factor 244 

solution (Table 2). After bifactor rotation on the four-factor solution, a p factor (F1) was 245 

isolated. Similarly to the one-factor solution all symptom clusters and neuroticism had 246 

positive loadings and the other personality dimensions had negative loadings on this general 247 

factor (Table S1). Three residual latent factors also emerged: a negative affectivity factor 248 

(F2), with loadings on depression and anxiety symptoms and neuroticism, along with a 249 

https://github.com/espenmei/svcmr
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positive affectivity factor (F3; loading onto extraversion, imagination and ADHD hyperactivity 250 

symptoms), and a less clear antagonism factor (F4) that resembled rule-breaking behavior 251 

(positive loadings on conduct disorder, oppositional defiant disorder and conscientiousness, 252 

and negative loadings on benevolence and inattention). Variance explained by the p factor 253 

and residual factors along with variance unique to the traits for both models are shown in 254 

Table S2. In the four-factor solution, the p factor explained most variance in ADHD 255 

inattention (70%; only 12% was unique to the trait), whereas for the one-factor model it was 256 

oppositional defiant disorder (57%; 43% unique to the trait).  257 

 258 

Genetic and environmental contributions  259 

The narrow-sense heritability of the p factor in the four-factor solution was .70, and 260 

dominance effects accounted for .05, giving a broad-sense heritability of .75. For the one-261 

factor solution, only additive genetic influences contributed to the heritability (.82). For the 262 

residual latent factors, the narrow-sense heritabilities were .17 for negative affectivity, .56 263 

for positive affectivity, and .02 for antagonism, and dominance effects accounted for .49, 264 

.17, .22, giving broad-sense heritabilities of .67, .73, and .24, respectively. The rest of the 265 

variance in p and the residual latent factors was accounted for by unique environmental 266 

influences and measurement error. Residual broad-sense heritability spanned from .04 for 267 

neuroticism to .46 for anxiety (mean = 0.22; Table S3). Corresponding numbers for the one-268 

factor solution were .11 ADHD inattention and .63 for imagination (mean = .37; Table S3). 269 

The rest of the variance was explained by unique environmental influences and 270 

measurement error.   271 

 As finding evidence for D over C in models of a wide range of psychopathology and 272 

personality traits was unexpected, and these traits were rated by mothers, it is possible the 273 
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dominance effects reflect rater bias to some extent (Derks, Hudziak, & Boomsma, 2009). We 274 

therefore conducted sensitivity analyses on mono- and dizygotic twin pairs only to get an 275 

indication of whether sibling interaction or rater bias (Simonoff et al., 1998) could explain 276 

dominance effects (eAppendix 3). This was done using the method of adding an extra 277 

parameter that allows for feedback loops between siblings (Carey, 1986) on univariate 278 

biometric models of each trait separately as well as on a sum-score of the traits to resemble 279 

a p factor. We then compared goodness-of-fit between ADE models versus AE models with 280 

the added sibling feedback parameter. For most of the phenotypes, the AE + sibling 281 

feedback parameter fitted the data best.  282 

 283 

Associations between gestational age, SGA, p and residual latent factors 284 

In the four-factor solution, children born SGA scored statistically significantly higher on 285 

negative affectivity compared to children not classified as SGA (β=0.26, SE=0.077, p = 0.001; 286 

Table S4). For p there was no difference in scores for SGA compared to non-SGA children (p = 287 

0.838), nor for the two residual latent factors positive affectivity (p = 0.908) and antagonism 288 

(p= 0.160). In the one-factor solution, there was no association between p and SGA.  289 

 Low gestational age had a curvilinear, negative association with p that flattened as 290 

gestational age approached term in both the four-factor (p = 0.036) and one-factor solution 291 

(p = 0.002). For instance, children born in gestational week 28 were predicted to score ≈0.4 292 

standard deviations (SD) higher on p compared to children born in gestational week 40 293 

(Figure 3 and S3). This pattern was very similar for both the one- and four-factor solution. 294 

For the four-factor solution, gestational age had a positive, curvilinear statistically 295 

significantly association with two of the three residual latent factors: positive affectivity (p = 296 

0.046), and antagonism (p = 0.012). Children born in gestational week 28 were predicted a 297 
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≈0.42 SD lower score on antagonism compared to children born full term (week 40). There 298 

was no evidence of an interaction between gestational age and SGA on the factors.  299 

 300 

DISCUSSION 301 

The present study provides insight into the nature of psychopathology risk in middle 302 

childhood. A p factor could be recovered in eight-year-old children when personality was 303 

included in the structure, in line with what has been shown in adults (Kotov et al., 2017; 304 

Rosenström et al., 2018) and a spectrum model of psychopathology and personality (T. A. 305 

Widiger, 2011). According to our findings, the p factor in middle childhood is characterized 306 

by high scores on inattention, oppositional defiant behavior, and hyperactivity as well as low 307 

scores on conscientiousness and agreeableness (Figure 2, Table S2). There are to our 308 

knowledge no other comprehensive, factorial studies on the joint structure of 309 

psychopathology and personality in middle childhood.  310 

 The p factor recovered in the present study fulfilled all criteria we defined for being a 311 

useful construct (capturing genetic and environmental risk, demonstrating psychometric 312 

properties for interpretability, and criterion validity). The p factor was also robust, as it was 313 

almost identical in the one- and four factor solution on loading pattern, heritability, and 314 

strength and direction of association with early putative risk factors.  315 

Our findings contribute to the debate on what constitutes the core of the p factor in 316 

middle childhood. Some find it to be defined by internalizing aspects (B. B. Lahey et al., 2011; 317 

Waldman et al., 2016), some by externalizing and autism aspects (Allegrini et al., 2020; 318 

Martel et al., 2017; Moore et al., 2020; Neumann et al., 2016), and some by borderline 319 

personality traits which sit in between internalizing and externalizing spectra (Gluschkoff, 320 

Jokela, & Rosenström, 2021). Our study adds to the literature by linking established 321 
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developmental risk factors and personality in an etiologically important age period to a 322 

model of the p factor. Here, the constellation of associations between normative personality 323 

traits and the p factor resembled that of normative personality and borderline personality 324 

disorder (Samuel & Widiger, 2008), as observed for adults (Rosenström et al., 2018). In the 325 

four- and one-factor models, the strongest and second strongest loadings, respectively, on 326 

the p factor was for ADHD inattention. ADHD has particularly strong etiological links to 327 

borderline personality disorder (Kuja-Halkola et al., 2021). Furthermore, our p factor was 328 

associated with early gestational age that is also a risk factor for ADHD inattention (Ask et 329 

al., 2018). Thus, we argue that the p factor may be a natural model for psychopathology that 330 

sits between traditional internalizing and externalizing spectra rather than being their re-331 

expression.   332 

It is worth commenting on why both the one- and four-factor solutions were 333 

included. Goodness-of-fit is often used when the main aim is to explore structure rather 334 

than to construct measurement instruments. In confirmatory modeling and when robust 335 

constructs or measures are of interest, the recommendation is to also include psychometric 336 

fit indices (Rodriguez et al., 2016) to ensure that included residual latent factors are 337 

interpretable and replicable. In the present study, none of the models performed well for all 338 

latent factors on both goodness-of-fit and psychometric indices. Thus, we used two models 339 

to show that the p factor was the same across the models and attained good performance 340 

on all indices. As we studied the correlation structure of 11 quite different psychopathology 341 

and personality traits, measured with different scales using an ESEM approach (Asparouhov 342 

& Muthén, 2009), we did not expect a clean psychometric measurement model. The ESEM 343 

strategy has been created precisely because such clean structures are often infeasible when 344 

underlying structures are of interest. Previous studies on the hierarchical structure of 345 



15 
 

psychopathology usually need two residual latent factors in addition to p (e.g., Caspi et al., 346 

2014; B. B. Lahey et al., 2011). When personality is added, no less residual factors should be 347 

needed. From a structural viewpoint, our multifactor model makes sense, and hopefully also 348 

appeal to some applied researchers that may take interest in the evidence for 349 

psychometrically valid scale constructs (as discussed for instance in Benjamin B. Lahey, 350 

Moore, Kaczkurkin, & Zald, 2021).  351 

In the four-factor solution, three residual latent factors in addition to p were 352 

necessary to explain covariance in the data. We interpreted these as a negative affectivity 353 

(F2), a positive affectivity (F3), and a less clear antagonism factor (F4). Contrary to the p 354 

factor, reliability estimates for these factors were sub-optimal (Hancock & Mueller, 2001; 355 

Rodriguez et al., 2016) and their interpretation is more imprecise. We therefore refrain from 356 

closer interpretation of their content.  357 

The high broad-sense heritability of the p factor (75-82%) indicates that early etiology of 358 

psychiatric burden is driven by genetic risks. This is in line with previous studies on p in 359 

childhood and adolescent samples (Allegrini et al., 2020; B. B. Lahey et al., 2011; Waldman et 360 

al., 2016), although the influence of genes seems to be higher in our study. However, it is 361 

unusual to find evidence for non-additive genetic effects in etiological studies of the 362 

hierarchical structure of childhood psychopathology (e.g., B. B. Lahey et al., 2011). As we 363 

have included personality, the finding of D-effects make sense as such effects have been 364 

found for personality traits and ADHD (Derks et al., 2009; Keller, Coventry, Heath, & Martin, 365 

2005). Yet, as all our included traits had substantial D-effects, this finding may to some 366 

extent reflect rater contrast effects (Simonoff et al., 1998). This suspicion was supported by 367 

the sensitivity analyses (eAppendix 3), making this topic a feasible possibility for further 368 

study.  369 
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Understanding how personality relates to psychopathology can be valuable in clinical 370 

settings, since personality traits can be measured in young children before the onset of 371 

psychopathology. We have previously shown that when modeling the joint structure of 372 

psychopathology and personality in adults, all Big Five traits (except openness) load onto the 373 

p factor (Rosenström et al., 2018). The personality profile that best reflected p was a high 374 

score on neuroticism as well as low scores on conscientiousness and agreeableness. In this 375 

sample of eight-year-olds, the findings were similar, but instead low scores on 376 

conscientiousness and benevolence were most characteristic for p. Conscientiousness and 377 

benevolence even had higher loadings on p than many of the psychopathology traits. This 378 

finding extends those of previous studies where neuroticism is typically found to be most 379 

important, but is not surprising considering the centrality of poor self-regulation on 380 

developmental psychopathology (Nigg, 2017). Perhaps children presenting with behavior 381 

that resembles a profile of low conscientiousness and benevolence, along with high 382 

neuroticism should be followed more closely than children with a less risk-prone personality 383 

profile to prevent psychopathology. Our study cannot answer whether these traits predict 384 

risk for later psychopathology as the measurements were conducted at the same time-point, 385 

but personality has been shown to be relatively stable in childhood (Lamb, Chuang, Wessels, 386 

Broberg, & Hwang, 2002).  387 

 The p factor was negatively associated with gestational age, indicating that 388 

prematurely born children scored higher on general psychopathology risk. This finding, along 389 

with the high heritability and interpretability, supports the notion that p is a clinically 390 

relevant construct. We can only speculate on the mechanisms behind the association 391 

between p and gestational age. It is known that preterm birth compromises brain 392 

development (Davis et al., 2011) and is associated with smaller brain volume (Nosarti et al., 393 
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2002). It is biologically plausible that being born with an immature nervous system increases 394 

the risk of developing psychopathology (Nosarti et al., 2012). An immature nervous system 395 

may be more vulnerable to stressors, and it may be harder for parents to correctly interpret 396 

the cues from their preterm babies.  397 

There are notable strengths in our study, such as the large sample size and the rich 398 

measurements of both psychopathology and personality traits. Some limitations also need 399 

to be acknowledged. First, all included traits were reported by mothers, rendering shared 400 

method bias possible (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). Our sensitivity 401 

analyses on a subset of the data indicated that rater bias was likely. We recommend that all 402 

researchers wanting to conduct family studies on MoBa data have this in mind, although 403 

further studies are required to conclude.   404 

The anxiety measure had a low Cronbach’s alpha value (.48), was not significantly 405 

correlated with any of the other included traits and had a lower association with p than 406 

expected. This is possibly due to this instrument being constructed to measure a variety of 407 

anxiety disorders but could also be due to unreliability. 408 

The recruitment rate in MoBa is low (41%; Magnus et al., 2006), and it has been 409 

found that women in MoBa differ from other childbearing women in Norway on several 410 

exposures and outcomes (Nilsen et al., 2009). It is possible that women with severe 411 

psychopathology symptoms did not participate, and that the children of these mothers differ 412 

from children of participating mothers on psychopathology or personality traits. However, 413 

the children, which are the focus of the present study, have not self-selected into the study, 414 

which may give less bias in this generation than in the parent generation. When recruitment 415 

rates are low, bias typically occur in estimates of prevalence, and not in estimates of 416 

associations (Nilsen et al., 2009). 417 
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Analysis indicated that gestational age was associated with both the p factor and 418 

residual factors. However, the standard errors of these estimates were high, indicating that 419 

these estimates are uncertain. Many variables are associated with SGA and gestational age, 420 

such as characteristics about the mothers (weight, medical history, smoking, etc.; McCowan 421 

& Horgan, 2009). Thus, the mechanism explaining the correlation between the p factor and 422 

gestational age require further study. 423 

The bifactor rotation of the included traits provides just one of many possible factor 424 

structures of childhood psychopathology and personality. As this was an exploratory study, 425 

we did not test other solutions. The bifactor rotation is a common and recommended 426 

practice for studies on the hierarchical structure of psychopathology (Levin-Aspenson et al., 427 

2020).    428 

 To sum up, this study extends previous findings on the nature and etiology of general 429 

psychopathology in middle childhood. Personality can be meaningfully placed within a joint 430 

structure of psychopathology risk in this age group. The psychometric properties, high 431 

heritability of p, and its associations with established developmental risk factors lend 432 

support to the usefulness of this construct.  433 

 434 

ACKNOWLEDGEMENTS 435 

The work was supported by a grant from the Medicine, Health Sciences and Biology 436 

Programme at the Norwegian Research Council (Grant Numbers 231105, 262177 and 437 

288083). TE is part-funded by a program grant from the UK Medical Research Council 438 

(MR/V012878/1), and by the National Institute for Health Research (NIHR), the Biomedical 439 

Research Centre at South London, Maudsley NHS Foundation Trust and King’s College 440 

London. The views expressed are those of the author(s) and not necessarily those of the 441 



19 
 

NHS, the NIHR or the Department of Health. TAM is supported by a Wellcome Trust Senior 442 

Research Fellowship (Grant Number 220382/Z/20/Z). TR is supported by the Academy of 443 

Finland (Grant Numbers 334057 and 335901). ER is supported by the Norwegian Research 444 

Council (grant 320709 and 31483). The Norwegian Mother and Child Cohort Study is 445 

supported by the Norwegian Ministry of Health and Care Services and the Ministry of 446 

Education and Research. We are grateful to all the participating families in Norway who take 447 

part in this on-going cohort study. 448 

 449 
CONFLICT OF INTEREST 450 
The authors have no conflicts of interest.  451 



20 
 

REFERENCES 
Achenbach, T. M. (1992). Manual for the Child Behavior Checklist/2-3 and 1992 Profile. Burlington , 

VT: Department of Psychiatry, University of Vermont. 
Akaike, H. (1987). Factor analysis and AIC. Psychometrica, 52, 317-332.  
Allegrini, A. G., Cheesman, R., Rimfeld, K., Selzam, S., Pingault, J.-B., Eley, T. C., & Plomin, R. (2020). 

The p factor: genetic analyses support a general dimension of psychopathology in childhood 
and adolescence. Journal of Child Psychology and Psychiatry, 61(1), 30-39. 
doi:https://doi.org/10.1111/jcpp.13113 

Angold, A., Costello, E. J., Messer, S. C., Pickles, A., Winder, F., & Silver, D. (1995). Development of a 
short questionnaire for use in epidemiological studies of depression in children and 
adolescents. International Journal of Methods in Psychiatric Research, 5(4), 237-249.  

Ask, H., Gustavson, K., Ystrom, E., Havdahl, K. A., Tesli, M., Askeland, R. B., & Reichborn-Kjennerud, T. 
(2018). Association of Gestational Age at Birth With Symptoms of Attention-
Deficit/Hyperactivity Disorder in Children. JAMA Pediatrics, 172(8), 749-756. 
doi:10.1001/jamapediatrics.2018.1315 

Asparouhov, T., & Muthén, B. (2009). Exploratory structural equation modeling. Structural Equation 
Modeling, 16, 397-438. doi:10.1080/10705510903008204 

Bentler, P. M. (1990). Comparative fit indexes in structural models. Psychological Bulletin, 107(2), 
238-246. doi:10.1037/0033-2909.107.2.238 

Bernaards, C. A., & Jennrich, R. I. (2005). Gradient Projection Algorithms and Software for Arbitrary 
Rotation Criteria in Factor Analysis. Educational and Psychological Measurement, 65(5), 676-
696. doi:10.1177/0013164404272507 

Birmaher, B., Khetarpal, S., Brent, D., Cully, M., Balach, L., Kaufman, J., & Neer, S. M. (1997). The 
screen for child anxiety related emotional disorders (SCARED): Scale construction and 
psychometric characteristics. Journal of the American Academy of Child and Adolescent 
Psychiatry, 36(4), 545-553. doi:10.1097/00004583-199704000-00018 

Blonigen, D. M., Hicks, B. M., Krueger, R. F., Patrick, C. J., & Iacono, W. G. (2005). Psychopathic 
personality traits: heritability and genetic overlap with internalizing and externalizing 
psychopathology. Psychological Medicine, 35(5), 637-648. doi:10.1017/s0033291704004180 

Bonifay, W., Lane, S. P., & Reise, S. P. (2016). Three Concerns With Applying a Bifactor Model as a 
Structure of Psychopathology. Clinical Psychological Science, 5(1), 184-186. 
doi:10.1177/2167702616657069 

Bouchard, T. J., Jr., & McGue, M. (2003). Genetic and environmental influences on human 
psychological differences. Journal of Neurobiology, 54(1), 4-45. doi:10.1002/neu.10160 

Carey, G. (1986). Sibling imitation and contrast effects. Behavior Genetics, 16(3), 319-341.  
Caspi, A., Houts, R. M., Belsky, D. W., Goldman-Mellor, S. J., Harrington, H., Israel, S., . . . Moffitt, T. E. 

(2014). The p Factor: One General Psychopathology Factor in the Structure of Psychiatric 
Disorders? Clinical Psychological Science, 2(2), 119-137. doi:10.1177/2167702613497473 

Cosgrove, V. E., Rhee, S. H., Gelhorn, H. L., Boeldt, D., Corley, R. C., Ehringer, M. A., . . . Hewitt, J. K. 
(2011). Structure and etiology of co-occurring internalizing and externalizing disorders in 
adolescents. Journal of Abnormal Child Psychology, 39(1), 109-123. doi:10.1007/s10802-010-
9444-8 

Cronbach, L. J., & Meehl, P. E. (1955). Construct validity in psychological tests. Psychological Bulletin, 
52(4), 281-302. doi:10.1037/h0040957 

Czajkowski, N., Aggen, S. H., Krueger, R. F., Kendler, K. S., Neale, M. C., Knudsen, G. P., . . . Reichborn-
Kjennerud, T. (2018). A twin study of normative personality and DSM-IV personality disorder 
criterion counts: Evidence for separate genetic influences. American Journal of Psychiatry, 
175(7), 649-656. doi:10.1176/appi.ajp.2017.17050493 

Davis, E. P., Buss, C., Muftuler, L. T., Head, K., Hasso, A., Wing, D. A., . . . Sandman, C. A. (2011). 
Children's brain development benefits from longer gestation. Frontiers in Psychology, 2. 
doi:10.3389/fpsyg.2011.00001 



21 
 

DelGiudice, M. (2018). Middle Childhood: An Evolutionary-Developmental Synthesis. In N. Halfon, C. 
B. Forrest, R. M. Lerner, & E. M. Faustman (Eds.), Handbook of Life Course Health 
Development (pp. 95-107). Cham: Springer International Publishing. 

Derks, E. M., Hudziak, J. J., & Boomsma, D. I. (2009). Genetics of ADHD, Hyperactivity, and Attention 
Problems. In Y. Kim (Ed.), Handbook of Behavior Genetics (pp. 361-378). New York: Springer. 

Fried, E. I., Greene, A. L., & Eaton, N. R. (2021). The p factor is the sum of its parts, for now. World 
Psychiatry, 20(1), 69-70. doi:10.1002/wps.20814 

Gluckman, P. D., & Hanson, M. A. (2006). The consequences of being born small - an adaptive 
perspective. Hormone Research, 65 Suppl 3, 5-14. doi:10.1159/000091500 

Gluschkoff, K., Jokela, M., & Rosenström, T. (2021). General psychopathology factor and borderline 
personality disorder: Evidence for substantial overlap from two nationally representative 
surveys of US adults. Personality Disorders: Theory, Research, and Treatment, 12(1), 86.  

Goldberg, L. R. (1990). An alternative "description of personality": The Big-Five factor structure. 
Journal of Personality and Social Psychology, 59(6), 1216-1229. doi:10.1037/0022-
3514.59.6.1216 

Gustavson, K., Torvik, F. A., Eilertsen, E. M., Ask, H., McAdams, T. A., Hannigan, L. J., . . . Gjerde, L. C. 
(2021). Genetic and environmental contributions to co-occurring ADHD and emotional 
problems in school-aged children. Developmental Psychology, 57(8), 1359-1371. 
doi:10.1037/dev0001229 

Hack, M., Youngstrom, E. A., Cartar, L., Schluchter, M., Taylor, H. G., Flannery, D., . . . Borawski, E. 
(2004). Behavioral outcomes and evidence of psychopathology among very low birth weight 
infants at age 20 years. Pediatrics, 114(4), 932-940. doi:10.1542/peds.2003-1017-L 

Hancock, G. R., & Mueller, R. O. (2001). Rethinking construct reliability within latent variable systems. 
In R. Cudeck, S. du Toit, & D. Sörbom (Eds.), Structural equation modeling: Present and future 
- A Festschrift in honor of Karl Jöreskog (pp. 195-216). Lincolnwood, IL: Scientific Software 
International. 

Horn, J. L. (1965). A rationale and test for the number of factors in factor analysis. Psychometrika, 
30(2), 179-185. doi:10.1007/bf02289447 

Irgens, L. M. (2000). The Medical Birth Registry of Norway. Epidemiological research and surveillance 
throughout 30 years. Acta Obstetricia Et Gynecologica Scandinavica, 79(6), 435-439. 
doi:10.1034/j.1600-0412.2000.079006435.x 

Jennrich, R. I., & Bentler, P. M. (2011). Exploratory Bi-factor Analysis. Psychometrika, 76(4), 537-549. 
doi:10.1007/s11336-011-9218-4 

Jin, F. (2016). Questions Documentation 8-year Questionnaire when the child was 8 years old. The 
Norwegian Mother and Child Cohort Study (MoBa). Mother Questionnaire. Retrieved from 
https://www.fhi.no/globalassets/dokumenterfiler/studier/den-norske-mor-far-og-barn--
undersokelsenmoba/instrumentdokumentasjon/instrument-documentation-q-8year.pdf 

Kapellou, O., Counsell, S. J., Kennea, N., Dyet, L., Saeed, N., Stark, J., . . . Edwards, A. D. (2006). 
Abnormal cortical development after premature birth shown by altered allometric scaling of 
brain growth. PLoS Medicine, 3(8), e265. doi:10.1371/journal.pmed.0030265 

Keller, M. C., Coventry, W. L., Heath, A. C., & Martin, N. G. (2005). Widespread evidence for non-
additive genetic variation in Cloninger's and Eysenck's personality dimensions using a twin 
plus sibling design. Behavior Genetics, 35(6), 707-721. doi:10.1007/s10519-005-6041-7 

Kotov, R., Gamez, W., Schmidt, F., & Watson, D. (2010). Linking "big" personality traits to anxiety, 
depressive, and substance use disorders: a meta-analysis. Psychological Bulletin, 136(5), 768-
821. doi:10.1037/a0020327 

Kotov, R., Krueger, R. F., Watson, D., Achenbach, T. M., Althoff, R. R., Bagby, R. M., . . . Zimmerman, 
M. (2017). The Hierarchical Taxonomy of Psychopathology (HiTOP): A dimensional alternative 
to traditional nosologies. Journal of Abnormal Psychology, 126(4), 454-477. 
doi:10.1037/abn0000258 

Krueger, R. F. (1999). The structure of common mental disorders. Archives of General Psychiatry, 
56(10), 921-926.  



22 
 

Kuja-Halkola, R., Lind Juto, K., Skoglund, C., Rück, C., Mataix-Cols, D., Pérez-Vigil, A., . . . Larsson, H. 
(2021). Do borderline personality disorder and attention-deficit/hyperactivity disorder co-
aggregate in families? A population-based study of 2 million Swedes. Molecular Psychiatry, 
26(1), 341-349. doi:10.1038/s41380-018-0248-5 

Laerum, A. M. W., Reitan, S. K., Evensen, K. A. I., Lydersen, S., Brubakk, A. M., Skranes, J., & 
Indredavik, M. S. (2019). Psychiatric symptoms and risk factors in adults born preterm with 
very low birthweight or born small for gestational age at term. BMC Psychiatry, 19(1), 223. 
doi:10.1186/s12888-019-2202-8 

Lahey, B. B., Moore, T. M., Kaczkurkin, A. N., & Zald, D. H. (2021). Hierarchical models of 
psychopathology: empirical support, implications, and remaining issues. World Psychiatry, 
20(1), 57-63. doi:https://doi.org/10.1002/wps.20824 

Lahey, B. B., Rathouz, P. J., Van Hulle, C., Urbano, R. C., Krueger, R. F., Applegate, B., . . . Waldman, I. 
D. (2008). Testing structural models of DSM-IV symptoms of common forms of child and 
adolescent psychopathology. Journal of Abnormal Child Psychology, 36(2), 187-206. 
doi:10.1007/s10802-007-9169-5 

Lahey, B. B., Van Hulle, C. A., Singh, A. L., Waldman, I. D., & Rathouz, P. J. (2011). Higher-Order 
Genetic and Environmental Structure of Prevalent Forms of Child and Adolescent 
Psychopathology. Archives of General Psychiatry, 68(2), 181-189. 
doi:10.1001/archgenpsychiatry.2010.192 

Lamb, M. E., Chuang, S. S., Wessels, H., Broberg, A. G., & Hwang, C. P. (2002). Emergence and 
constructvalidation of the big five factors in early childhood: a longitudinal analysis of their 
ontogeny in Sweden. Child Development, 73(5), 1517-1524. doi:10.1111/1467-8624.00487 

Levin-Aspenson, H. F., Watson, D., Clark, L. A., & Zimmerman, M. (2020). What Is the General Factor 
of Psychopathology? Consistency of the p Factor Across Samples. Assessment, 28(4), 1035-
1049. doi:10.1177/1073191120954921 

Magnus, P., Birke, C., Vejrup, K., Haugan, A., Alsaker, E., Daltveit, A. K., . . . Stoltenberg, C. (2016). 
Cohort profile update: The Norwegian Mother and Child Cohort Study (MoBa). International 
Journal of Epidemiology. , 382-388. doi:10.1093/ije/dyw029 

Magnus, P., Irgens, L. M., Haug, K., Nystad, W., Skjaerven, R., & Stoltenberg, C. (2006). Cohort profile: 
The Norwegian Mother and Child Cohort Study (MoBa). International Journal of 
Epidemiology, 35(5), 1146-1150. doi:10.1093/ije/dyl170 

Marceau, K., & Neiderhiser, J. (2022). Generalist genes and specialist environments for adolescent 
internalizing and externalizing problems: A test of severity and directionality. Development 
and Psychopathology, 34(1), 379-386. doi:10.1017/s0954579420001108 

Marsál, K., Persson, P. H., Larsen, T., Lilja, H., Selbing, A., & Sultan, B. (1996). Intrauterine growth 
curves based on ultrasonically estimated foetal weights. Acta Paediatrica, 85(7), 843-848. 
doi:10.1111/j.1651-2227.1996.tb14164.x 

Martel, M. M., Pan, P. M., Hoffmann, M. S., Gadelha, A., do Rosario, M. C., Mari, J. J., . . . Salum, G. A. 
(2017). A General Psychopathology Factor (P Factor) in Children: Structural Model Analysis 
and External Validation Through Familial Risk and Child Global Executive Function. Journal of 
Abnormal Psychology, 126(1), 137-148. doi:10.1037/abn0000205 

Mathewson, K. J., Chow, C. H., Dobson, K. G., Pope, E. I., Schmidt, L. A., & Van Lieshout, R. J. (2017). 
Mental health of extremely low birth weight survivors: A systematic review and meta-
analysis. Psychological Bulletin, 143(4), 347-383. doi:10.1037/bul0000091 

McCabe, G. A., Oltmanns, J. R., & Widiger, T. A. (2022). The General Factors of Personality Disorder, 
Psychopathology, and Personality. Journal of Personality Disorders, 36(2), 129-156. 
doi:10.1521/pedi_2021_35_530 

McCowan, L., & Horgan, R. P. (2009). Risk factors for small for gestational age infants. Best Practice 
and Research Clinical Obstetrics and Gynaecology, 23(6), 779-793. 
doi:10.1016/j.bpobgyn.2009.06.003 



23 
 

McCrae, R. R., & Costa, P. T. (1987). Validation of the five-factor model of personality across 
instruments and observers. Journal of Personality and Social Psychology, 52(1), 81-90. 
doi:10.1037/0022-3514.52.1.81 

Moore, T. M., Kaczkurkin, A. N., Durham, E. L., Jeong, H. J., McDowell, M. G., Dupont, R. M., . . . 
Lahey, B. B. (2020). Criterion validity and relationships between alternative hierarchical 
dimensional models of general and specific psychopathology. Journal of Abnormal 
Psychology, 129(7), 677-688. doi:10.1037/abn0000601 

Neumann, A., Pappa, I., Lahey, B. B., Verhulst, F. C., Medina-Gomez, C., Jaddoe, V. W., . . . Tiemeier, 
H. (2016). Single Nucleotide Polymorphism Heritability of a General Psychopathology Factor 
in Children. Journal of the American Academy of Child and Adolescent Psychiatry, 55(12), 
1038-1045.e1034. doi:10.1016/j.jaac.2016.09.498 

Newman, D. L., Moffitt, T. E., Caspi, A., & Silva, P. A. (1998). Comorbid mental disorders: Implications 
for treatment and sample selection. Journal of Abnormal Psychology, 107(2), 305-311. 
doi:10.1037/0021-843x.107.2.305 

Nigg, J. T. (2017). Annual Research Review: On the relations among self-regulation, self-control, 
executive functioning, effortful control, cognitive control, impulsivity, risk-taking, and 
inhibition for developmental psychopathology. Journal of Child Psychology and Psychiatry, 
58(4), 361-383. doi:10.1111/jcpp.12675 

Nilsen, R. M., Vollset, S. E., Gjessing, H. K., Skjaerven, R., Melve, K. K., Schreuder, P., . . . Magnus, P. 
(2009). Self-selection and bias in a large prospective pregnancy cohort in Norway. Paediatric 
and Perinatal Epidemiology, 23(6), 597-608. doi:10.1111/j.1365-3016.2009.01062.x 

Nosarti, C., Al‐Asady, M. H. S., Frangou, S., Stewart, A. L., Rifkin, L., & Murray, R. M. (2002). 
Adolescents who were born very preterm have decreased brain volumes. Brain, 125(7), 
1616-1623. doi:10.1093/brain/awf157 

Nosarti, C., Reichenberg, A., Murray, R. M., Cnattingius, S., Lambe, M. P., Yin, L., . . . Hultman, C. M. 
(2012). Preterm Birth and Psychiatric Disorders in Young Adult Life. Archives of General 
Psychiatry, 69(6), 610-617. doi:10.1001/archgenpsychiatry.2011.1374 

Olino, T. M., Bufferd, S. J., Dougherty, L. R., Dyson, M. W., Carlson, G. A., & Klein, D. N. (2018). The 
Development of Latent Dimensions of Psychopathology across Early Childhood: Stability of 
Dimensions and Moderators of Change. Journal of Abnormal Child Psychology, 46(7), 1373-
1383. doi:10.1007/s10802-018-0398-6 

Ozer, D. J., & Benet-Martínez, V. (2006). Personality and the prediction of consequential outcomes. 
Annual Review of Psychology, 57, 401-421. doi:10.1146/annurev.psych.57.102904.190127 

Pettersson, E., Larsson, H., D'Onofrio, B., Almqvist, C., & Lichtenstein, P. (2019). Association of Fetal 
Growth With General and Specific Mental Health Conditions. Jama Psychiatry, 76(5), 536-
543. doi:10.1001/jamapsychiatry.2018.4342 

Podsakoff, P. M., MacKenzie, S. B., Lee, J. Y., & Podsakoff, N. P. (2003). Common method biases in 
behavioral research: A critical review of the literature and recommended remedies. Journal 
of Applied Psychology, 88(5), 879-903. doi:10.1037/0021-9101.88.5.879 

Rodriguez, A., Reise, S. P., & Haviland, M. G. (2016). Evaluating bifactor models: Calculating and 
interpreting statistical indices. Psychological Methods, 21(2), 137-150. 
doi:10.1037/met0000045 

Rosenström, T., Gjerde, L. C., Krueger, R. F., Aggen, S. H., Czajkowski, N. O., Gillespie, N. A., . . . 
Ystrom, E. (2018). Joint factorial structure of psychopathology and personality. Psychological 
Medicine, 1-10. doi:10.1017/S0033291718002982 

Samuel, D. B., & Widiger, T. A. (2008). A meta-analytic review of the relationships between the five-
factor model and DSM-IV-TR personality disorders: A facet level analysis. Clinical Psychology 
Review, 28(8), 1326-1342. doi:10.1016/j.cpr.2008.07.002 

Schwarz, G. (1978). Estimating the Dimension of a Model. The Annals of Statistics, 6(2), 461-464, 464. 
Retrieved from https://doi.org/10.1214/aos/1176344136 



24 
 

Shields, A. N., Giljen, M., España, R. A., & Tackett, J. L. (2021). The p factor and dimensional structural 
models of youth personality pathology and psychopathology. Current Opinion in Psychology, 
37, 21-25. doi:10.1016/j.copsyc.2020.06.005 

Silva, R. R., Alpert, M., Pouget, E., Silva, V., Trosper, S., Reyes, K., & Dummit, S. (2005). A rating scale 
for disruptive behavior disorders, based on the DSM-IV item pool. Psychiatric Quarterly, 
76(4), 327-339. doi:10.1007/s11126-005-4966-x 

Simonoff, E., Pickles, A., Hervas, A., Silberg, J. L., Rutter, M., & Eaves, L. (1998). Genetic influences on 
childhood hyperactivity: contrast effects imply parental rating bias, not sibling interaction. 
Psychological Medicine, 28(4), 825-837. doi:10.1017/s0033291798006886 

Slobodskaya, H. R. (2014). The hierarchical structure of personality and common psychopathology in 
childhood. Journal of Research in Personality, 53, 36-46. doi:10.1016/j.jrp.2014.08.005 

Steiger, J. H. (1990). Structural Model Evaluation and Modification: An Interval Estimation Approach. 
Multivariate Behavioral Research, 25(2), 173-180. doi:10.1207/s15327906mbr2502_4 

Tackett, J. L., Lahey, B. B., van Hulle, C., Waldman, I., Krueger, R. F., & Rathouz, P. J. (2013). Common 
Genetic Influences on Negative Emotionality and a General Psychopathology Factor in 
Childhood and Adolescence. Journal of Abnormal Psychology, 122(4), 1142-1153. 
doi:10.1037/a0034151 

Vollrath, M. E., Hampson, S. E., & Torgersen, S. (2016). Constructing a short form of the hierarchical 
personality inventory for children (HiPIC): the HiPIC-30. Personality and Mental Health, 10(2), 
152-165. doi:10.1002/pmh.1334 

Waldman, I. D., Poore, H. E., van Hulle, C., Rathouz, P. J., & Lahey, B. B. (2016). External Validity of a 
Hierarchical Dimensional Model of Child and Adolescent Psychopathology: Tests Using 
Confirmatory Factor Analyses and Multivariate Behavior Genetic Analyses. Journal of 
Abnormal Psychology, 125(8), 1053-1066. doi:10.1037/abn0000183 

Walhovd, K. B., Fjell, A. M., Brown, T. T., Kuperman, J. M., Chung, Y., Hagler, D. J., . . . Dale, A. M. 
(2012). Long-term influence of normal variation in neonatal characteristics on human brain 
development. Proceedings of the National Academy of Sciences, 109(49), 20089-20094. 
doi:10.1073/pnas.1208180109 

Waszczuk, M. A., Hopwood, C. J., Luft, B. J., Morey, L. C., Perlman, G., Ruggero, C. J., . . . Kotov, R. 
(2021). The Prognostic Utility of Personality Traits Versus Past Psychiatric Diagnoses: 
Predicting Future Mental Health and Functioning. Clinical Psychological Science, 10(4), 734-
751. doi:10.1177/21677026211056596 

Widiger, T. A. (2011). Personality and psychopathology. World Psychiatry, 10(2), 103-106. 
doi:https://doi.org/10.1002/j.2051-5545.2011.tb00024.x 

Widiger, T. A., Sellbom, M., Chmielewski, M., Clark, L. A., DeYoung, C. G., Kotov, R., . . . Wright, A. G. 
C. (2019). Personality in a Hierarchical Model of Psychopathology. Clinical Psychological 
Science, 7(1), 77-92. doi:10.1177/2167702618797105 

Wolke, D., Johnson, S., & Mendonça, M. (2019). The Life Course Consequences of Very Preterm Birth. 
Annual Review of Developmental Psychology, 1(1), 69-92. doi:10.1146/annurev-devpsych-
121318-084804 

 

 

 

 

 

 

 



25 
 

Table 1 

Psychometric and goodness of fit indices for different factor solutions on the phenotypic exploratory 

factor analysis models with bifactor rotation 

 Factors  

Index P factor F1 F2 F3 

 Bifactor model with three specific factors  

H .88 .72 .67 .46 

ECV .58    

Omega .64    

OmegaH .32 .09 .22 .01 

Factor determinacy .96 .98 .85 .84 

PUC .75    

AIC 295739.4    

BIC 296096.2    

RMSEA 0.069 (95% CI = 0.065-0.072)  

CFI 0.97    

     

 Bifactor model with two specific factors  

H .88 .68 .43  

ECV .67    

Omega .59    

OmegaH .37 .22 .00  

Factor determinacy .96 .85 .86  

PUC .76    

AIC 297534.2    

BIC 297832.7    

RMSEA 0.091 (95% CI = 0.088-0.095)  

CFI 0.92    

     

 Bifactor model with one specific factor  

H .86 .69   

ECV .76    

Omega .58    

OmegaH .40 .18   

Factor determinacy .93 .85   

PUC .93    

AIC 302362.6    

BIC 302595.6    

RMSEA 0.1292 (95% CI = 0.1263-0.1320)  

CFI 0.80    

     

 One-factor model  

H .86    

ECV 1    

Omega .40    

OmegaH .40    

Factor determinacy .93    

PUC 1    
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AIC 308187.4    

BIC 308347.6    

RMSEA 0.1534 (95% CI = 0.1508-0.1559)  

CFI 0.66    

Note: only factor loadings >.2 was included in the indices. F1 = first residual/specific latent factor; F2 

= second residual/specific latent factor; F3 = third residual/specific latent factor. H = H index, a 

construct replicability index where high values reflect that the factor is well defined by its indicators. 

Threshold commonly used is >0.70; ECV = Explained common variance, a measure of strength of the 

general factor (the value indicates the proportion of the total variance in the indicators explained by 

the general rather than the specific latent factors); Omega = a measure of reliability, indicating the 

proportion of variance attributable to both the general and specific factors together; OmegaH = 

Omega hierarchical, a measure of reliability that estimates the proportion of variance attributable to 

the general factor only; Factor determinacy = an index of trustworthiness of the latent factor, where 

a high values indicates that the predicted factor scores correspond well with the corresponding 

factor. Threshold commonly used is >0.90; PUC = Percent uncontaminated correlations, an indicator 

of how many percent of all correlations among indicators attributable to the general factor (Hancock 

& Mueller, 2001; Rodriguez et al., 2016). AIC = Akaike’s information criterium, a measure of a 

model’s goodness of fit relative to other models, where parsimony is favored. The preferred model is 

the one with the lowest AIC value (Akaike, 1987); BIC = Bayesian information criterium, a relative 

goodness of fit index, similar to AIC, but with different penalizing of model complexity (Schwarz, 

1978); RMSEA = Root mean square error of approximation, an absolute goodness of fit index, that 

assesses how far a hypothesized model is from a perfect model (Steiger, 1990). Threshold commonly 

used is <0.05; CFI = Comparative fit index (Bentler, 1990), an absolute goodness of fit index, similar to 

RMSEA but often used in exploratory contexts. Threshold commonly used is >0.95.         
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Table 2 

Model fit statistics from bifactor exploratory factor analyses 

Model       -2LL  ep AIC  ∆df  ∆LL  ∆AIC  p 

Phenotypic factor solutions 

Four factor model     295641 49 295739 -  -  -  - 

Three factor model     297452 41 297534 8  -1811  -1795  <0.00 

Two factor model     302298 32 302362 9  -6657  -6623  <0.00 

One factor model     308143 22 308187 10  -12502  -12448  <0.00 

 

Four factor biometric models 

cACE sACE      -146732 79 293621 -  -  -  -  

cACE sAE       -146732 68 293599 11  0  -22  1.00 

cAE sAE      -146733 64 293593 15  1  -28  0.99 

 

cADE sADE      -146688 79 293535 -  -  -  - 

cADE sAE      -146719 68 293574 11  -31  39  <0.00 

cAE sAE      -146733 64 293593 15  -45  58  <0.00 

 

One factor biometric models 

cACE sACE      -152949 46 305990 -  -  -  - 

cACE sAE      -152949 35 305968 11  0  22  1.00 

cAE sAE      -152949 34 305966 1  0  24  1.00 

 

cADE sADE      -152891 46 305873 -  -  -  - 

cADE sAE      -152949 35 305968 11  58  -95  <0.00 

cAE sAE      -152949 34 305966 1  58  -93  <0.00 

Best fitting models are shown in bold. -2LL = two times the negative log likelihood – an estimate of how well the model fits the data; ep = number of estimated parameters 

included in the model; AIC = Akaike’s Information Criterion – an indicator of how well the model fits the data that also penalizes complex models; df = degrees of freedom; 

∆LL = the difference in log likelihood compared to the full model; p = probability value for rejecting the null hypothesis. cACE sACE = Additive genetic (A), shared 

environmental/shared mother effects (C) and unique environmental (E) effects on both common factors (c) and specific traits (s); cACE sAE = shared environmental/shared 
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mother effects only on common factors and not specific traits; cADE sADE = Additive genetic (A), non-additive/dominance effects (D) and unique environmental (E) effects 

on both common factors (c) and specific traits (s); cADE sAE = non-additive/dominance effects only on common factors and not specific traits; cAE sAE = only additive 

genetic and unique environmental effects on both common factors and specific traits.    

 

 
 
 
 
 
 
 
 
 
 


