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Abstract

A population-based longitudinal sample of 489 twin pairs was assessed at six time points over ten 

years to examine the measurement invariance and stability of attention-deficit/hyperactivity 

disorder (ADHD) symptoms, as well as the developmental relations between inattention (IN), 

hyperactivity-impulsivity (HI), and multiple aspects of functional impairment. Parent ratings of 

ADHD symptoms and functional impairment were obtained in preschool and after the completion 

of kindergarten, first, second, fourth, and ninth grades. Results of the temporal and sex invariance 

models indicated that parent ratings of the 18 ADHD symptoms function in the same manner for 

females and males from early childhood into adolescence. In addition to establishing this 

prerequisite condition for the interpretation of longitudinal and between-sex differences in the IN 

and HI symptom dimensions, cross-lagged models indicated that both IN and HI were associated 

with increased risk for both concurrent and future overall, social, and recreational impairment, 

whereas only IN was uniquely associated with later academic impairment. Taken together, the 

current results demonstrate that IN and HI are highly stable from preschool through ninth grade, 
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invariant between females and males, and indicative of risk for impairment in multiple areas, 

thereby providing strong support for the validity of the symptom dimensions among both sexes.
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In order to comprehensively evaluate the internal and external validity of attention-deficit/

hyperactivity disorder (ADHD) during the transition between the fourth and fifth editions of 

the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV & DSM-5; American 

Psychiatric Association, 1994 & 2013), Willcutt and colleagues conducted a meta-analysis 

of 546 studies, including over 60,000 children and adolescents. Exploratory and 

confirmatory factor analyses of parent and teacher ratings indicated that inattention (IN) and 

hyperactivity-impulsivity (HI) are best conceptualized as distinct but highly correlated 

symptom dimensions (Willcutt et al., 2012). Although the optimal parameterization and 

nosology of ADHD continues to be debated, strong support exists for the measurement 

specification of the ADHD symptom dimensions using either two correlated factors (e.g., 

Willcutt et al., 2012) or a bi-factor model (Willoughby, Blanton, & Family Life Project 

Investigators, 2015), even across at least 15 countries (Bauermeister, Canino, Polanczyk, & 

Rohde, 2010).

Confidence in this dimensional view is limited by the fact that only a handful of studies have 

directly compared the IN and HI factor structure of ADHD symptoms in males and females 

(e.g., Burns, Walsh, Gomez, & Hafetz, 2006) or examined samples of children prior to the 

beginning of school (e.g., Friedman-Weieneth, Doctoroff, Harvey, & Goldstein, 2009), with 

Bauermeister et al. (2010) even reporting that the two-factor model was not upheld for 

preschool children. The paucity of studies means that questions remain regarding the 

measurement properties of these items across childhood, the IN and HI dimensions’ 

differential trajectories and predictive validity, and the existence of item bias between males 

and females.

The current study addresses these open questions by analyzing parent ratings of DSM-IV 

ADHD symptoms and functional impairment collected at six time points over a 10-year 

period starting in preschool. In addition to replicating and extending results of earlier cross-

sectional studies, these results provide new longitudinal results regarding the measurement 

qualities and longer-term risk associated with IN and HI. To set the stage for these analyses, 

we next summarize the existing literature on the developmental course of ADHD and 

associated functional impairment, highlighting several important gaps in knowledge that we 

are able to test directly using a longitudinal design and a large, population-based sample.

Developmental trajectories of IN and HI and risk for concurrent and future 

impairment

Results of cross-sectional studies indicate that both IN and HI symptoms are significantly 

associated with multiple domains of functional impairment (Willcutt et al., 2012), arguably 
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the most critical criterion for a mental disorder to be considered valid (e.g., Spitzer & 

Wakefield, 1999). Further, the discriminant validity of the IN and HI symptom dimensions is 

supported by studies that directly compared the functional correlates of the two dimensions. 

These studies suggest that IN is more closely associated with academic impairment, social 

withdrawal, and poor adaptive functioning, whereas HI has a stronger association with overt 

peer rejection, relational aggression, and frequency of accidental injuries (e.g., Lahey et al., 

1998; Reynolds & Kamphaus, 2004; Willcutt et al., 2011, 2012).

Longitudinal studies have also reported that in comparison to children without ADHD, 

groups of children who met criteria for DSM-IV ADHD in childhood exhibited higher levels 

of global, social, and academic impairment five to nine years later (e.g., Hinshaw et al., 

2006; Lahey & Willcutt, 2010; Owens, Hinshaw, Lee, & Lahey, 2009). However, less is 

known about the long-term functional outcomes associated with the IN and HI symptom 

dimensions. In one study that reported longitudinal results separately for IN and HI, Lahey 

and Willcutt (2010) found that levels of IN and HI in preschool predicted parent and teacher 

ratings of need for treatment and overall impairment nine years later, and levels of IN but not 

HI were associated with increased math difficulties and a greater likelihood that the child 

would be ignored by peers. Results of these longitudinal studies of clinic-referred samples of 

children suggest that IN and HI may be associated with different developmental outcomes, 

but the degree to which these distinctions generalize to unselected samples or the broader 

population is understudied.

Furthermore, although parent and teacher ratings of IN and HI have adequate test-retest 

reliability over periods less than one year (Willcutt et al., 2012), longitudinal studies of 

individuals who first received a clinical diagnosis of DSM-IV ADHD during childhood 

suggest that IN and HI symptoms may follow different developmental trajectories. Over the 

first nine years of a prospective longitudinal study, children first diagnosed with DSM-IV 

ADHD in preschool exhibited a significant age-related decline in HI behaviors that was not 

related to pharmacologic or psychosocial treatment, whereas levels of IN symptoms did not 

change significantly (Lahey et al., 2004; Lahey et al., 2005; Lahey et al., 1998; Lahey & 

Willcutt, 2010). A similar pattern was reported in a five-year follow-up study of a sample of 

females with DSM-IV ADHD who were first assessed between 6 and 12 years of age (e.g., 

Hinshaw, 2002; Hinshaw, Owens, Sami, & Fargeon, 2006).

Although these previous studies provide important support for the validity of the distinction 

between IN and HI symptoms, several key questions remain. Many key studies recruited 

participants through clinics, which could potentially overestimate the relation between 

ADHD symptoms and functional impairment due to the extensive and severe range of 

difficulties often observed in clinical samples. In addition, only a handful of clinical studies 

have examined the extent to which early IN and HI are associated with increased risk for 

negative outcomes later in development (e.g., Lahey, Pelham, Loney, Lee, & Willcutt, 2005; 

Lahey et al., 1998; Lahey & Willcutt, 2010), and even fewer studies have systematically 

tested for the potential influence of demographic variables such as sex (e.g., Burns et al., 

2006).
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Sex differences in ADHD symptoms

Meta-analyses of population-based samples indicate that males are 2 – 3 times more likely 

than females to meet DSM-IV diagnostic criteria for ADHD (Willcutt, 2012). Similarly, 

males exhibit higher mean levels of IN and HI than females in both selected and unselected 

samples (e.g., Burns et al., 2006; Gaub & Carlson, 1997; Gershon, 2002). However, the 

reasons for these sex differences remains largely unknown.

One possible explanation is that the symptoms of ADHD might be less internally valid for 

females than males, which may then be reflected in lower reliability and a less robust factor 

structure of ADHD symptoms in females. Alternatively, ADHD might be identified more 

frequently in males due to a stronger association with specific aspects of impairment or 

concurrent psychopathology that lead parents and teachers to more frequently endorse 

ADHD symptoms. Consistent with this hypothesis, two meta-analyses found that males with 

ADHD exhibited slightly higher levels of externalizing behaviors than females, whereas 

females were more likely to exhibit internalizing symptoms (Gaub & Carlson, 1997; 

Gershon, 2002). However, effect sizes were small for both of these comparisons (d = .1 – .

2), and the meta-analyses reported no sex differences in the small number of studies that 

compared males and females with ADHD on measures of other psychopathology or 

academic, social, or neuropsychological functioning. Both reviews concluded by calling for 

additional research to better understand the etiology of the robust sex difference in the 

prevalence of ADHD, and highlighted a particular need for more studies of population-based 

samples to avoid potential biases due to differential rates of referral for clinical services in 

males and females.

The current study

This study was designed to clarify the measurement properties and developmental course of 

IN, HI, and associated functional outcomes over a ten-year period between preschool and 

the end of ninth grade. Ratings of IN, HI, and functional impairment were collected six 

times during this period from the parents of an unselected population-based sample of 489 

twin pairs (i.e., 978 children). Structural equation modeling (SEM) was utilized to address 

three questions regarding the measurement properties, developmental trajectory, and risks 

associated with ADHD:

1. Is the factor structure of ADHD stable across development?

Initial confirmatory factor analyses tested whether parent ratings of ADHD symptoms fit the 

bi-dimensional DSM-IV model at each assessment point. We then examined temporal 

measurement invariance was examined across the full ten-year period. We predicted that the 

DSM-IV model with correlated dimensions of IN and HI symptoms would provide a good 

fit to the data at each time point as well as showing temporal measurement invariance across 

the six assessment points. Although we expected the population mean of HI ratings to 

decline more than the mean of IN ratings, we anticipated that the rank order of individuals 

would be consistent over time, leading to high IN and HI stability correlations across time.
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2. Does the factor structure or developmental course of ADHD differ between males and 
females?

Expanded multiple group SEMs were fit with sex as a grouping variable to test whether the 

factor structure of ADHD symptoms and the overall pattern of results could be equated in 

males and females. Though most studies have compared males and females on clinical 

correlates of groups defined with ADHD, few have factor analyzed sex differences in ADHD 

at either a single time point or across development. Consistent with these previous reports of 

relatively few sex differences in analyses of total ADHD symptoms, we hypothesized that 

the measurement of ADHD would be invariant across sex, despite elevated ratings of males’ 

behavior.

3. Are IN and HI symptoms associated with concurrent and future risk for negative 
functional outcomes?

Following an initial series of cross-sectional analyses on the relations between IN, HI, and 

different aspects of functional impairment, latent cross-lagged models provided a novel and 

stringent test of whether earlier levels of IN and HI uniquely predicted subsequent 

impairment. Although we expected both dimensions to be associated with all aspects of 

functional impairment, we predicted that IN symptoms would be more strongly associated 

with academic difficulties, whereas elevations of HI would be more strongly associated with 

early social impairment.

Method

Participants

The participants in the present study were 978 individuals drawn from 224 monozygotic 

(MZ; i.e., identical) and 265 dizygotic (DZ; i.e., fraternal) same-sex twin pairs first assessed 

during the summer prior to starting kindergarten (Npairs = 482, Mage = 4.9 years, SDage = 0.2 

years; 49.7% male; note: the term sex is used instead of gender throughout the manuscript, 

as parents were initially asked to indicate the twins’ biological sex). For all analyses, one 

randomly selected member from each pair was used to control for the non-independence of 

individuals within each twin pair. All participants were part of the Colorado component of 

the International Longitudinal Twin Study of Early Reading Development (ILTSERD; e.g., 

(Byrne et al., 2002; Christopher et al., 2013; Olson et al., 2011), and were recruited from the 

Colorado Twin Registry based on birth records. The Colorado Twin Registry includes 

information on over 90% of all twin births in Colorado, 60% of whom were able to be 

contacted, and comparisons with available normative data on several measures suggest that 

the current sample is representative of the overall population in the state (e.g., Christopher et 

al., 2015).

After the initial preschool assessment, participants were assessed again in the summers 

following kindergarten (Npairs = 453, Mage = 6.3 years, SDage = 0.3 years), first grade (Npairs 

= 442, Mage = 7.4, SDage = 0.3), second grade (Npairs = 451, Mage = 8.5, SDage = 0.3), fourth 

grade (Npairs = 445, Mage = 10.5, SDage = 0.3), and ninth grade (Npairs = 453, Mage = 15.5, 

SDage = 0.3). Retention was excellent from preschool through the end of ninth grade (92 – 

94%).
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Procedures

Overall testing procedures for the ILTSERD are described in detail in previous papers (e.g., 

Byrne et al., 2002; Christopher et al., 2013; Willcutt et al., 2007). Briefly, at each wave the 

twins completed a battery of measures related to reading development in an individual 

testing session while one parent or caregiver completed a battery of questionnaires that 

included the measures described in this report. All study procedures were fully approved by 

the Institutional Review Boards of the University of Colorado Boulder. Informed consent or 

assent was obtained from all participants and their parents at initial enrollment and at each 

follow-up assessment.

Measures

DSM-IV ADHD symptoms

The Disruptive Behavior Rating Scale (DBRS; Barkley & Murphy, 1998) was used to obtain 

parent ratings of the 18 symptoms of DSM-IV ADHD. The majority of ratings were 

completed by mothers at all time points (90 – 95%). On the DBRS, the parent is asked to 

indicate how often in the last 6 months each of the 18 DSM-IV ADHD symptoms is true on 

a 4-point Likert scale (0 = never or rarely, 1 = sometimes, 2 = often, and 3 = very often). 

This scale has been widely used for the assessment of ADHD symptoms, demonstrating 

strong internal and test-retest reliability among children and adolescents, as well as a robust 

literature of correlations with both internalizing and externalizing psychopathology. 

Cronbach’s alphas for the IN and HI dimensions ranged from .89 to .93 and .86 to .88, 

respectively. All internal reliability and test-retest reliability estimates between the six 

assessment points can be found in Table 1.

Functional Impairment

Seven items measuring functional impairment (interferes with home life and family; 

interferes with child interactions; interferes with adult interaction; interferes with 

community activities; interferes with educational activities; interferes with recreational 

activities; and interferes with daily responsibilities) were also administered in the same 

format as the ADHD items described above, with slight changes to the 4-point Likert scale 

(0 = not at all; 1= just a little; 2 = quite a bit; 3 = very much). Parents were again asked to 

complete their ratings regarding the past six months. Cronbach’s alphas for the functional 

impairment scale ranged from .86 to .90. Internal and test-retest reliability estimates can be 

found in Table 1.

Analytic Strategy

Advantages of a latent trait approach

While many studies have used correlations or linear regressions to assess the stability of 

ADHD and the relation between ADHD symptoms and a range of external correlates, SEM 

and confirmatory factor analyses have several unique advantages for analyses that are 

designed to investigate issues of temporal stability and predictive utility. By first exploring 

whether individual items have statistically equivalent factor loadings and intercepts across 

time, stronger claims can be made about the relevant constructs and the extent to which they 
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change between measurement occasions. Furthermore, by using unobserved (i.e., latent) 

constructs composed of the shared, reliable variance of measured items or symptoms rather 

than the simple sum or mean of related items, both internal and external relationships can be 

explored with reduced measurement error.

Structural equation models

Structural and measurement model analyses were conducted using the Mplus statistical 

software package (Version 7.4; Muthen & Muthen, 2012). For item-level analyses, items 

were treated as ordered categorical manifest variables using the robust weighted least 

squares estimator (WLSMV). For analyses using parcels, parcels were treated as 

approximately continuous manifest variables using the robust maximum likelihood estimator 

(MLR). Robust estimation was used for both types of analyses in order to adjust for the non-

normality that is characteristic of symptom ratings data (i.e., positively skewed and 

leptokurtotic). Model fit was assessed with the robust comparative fit index (CFI; study 

criteria of at least .90, with ≥ .95 being ideal), the Tucker-Lewis Index (TLI; study criteria 

≥ .90), and the robust root-mean-square error of appoximation (RMSEA; study criteria ≤ .

08).

Parcels as manifest variables—An additional benefit of SEM is the use of parcels, 

whereby individual items are combined (e.g., taking the mean of multiple items) and the new 

composites are used as manifest variables. Parceling reduces the amount of unreliable (i.e., 

error) and item-specific variance and decreases the likelihood of Type II errors (Little, 2013; 

Little, Rhemtulla, Gibson, & Schoemann, 2013). Item-level analyses were first used to 

establish like-item loading (weak) and threshold (strong) invariance across time points. If 

weak and strong invariance was upheld, parcels were used to simplify estimation of 

longitudinal cross-lag models.

The ADHD-IN and ADHD-HI factors were each defined by three parcels of three items per 

parcel. Following the procedures recommended by Little (2013), unstandardized loadings 

from the strong invariant model were used to assign items to a parcel that would maximize 

the likelihood of homogenous parcels (see also Burns, Servera, Bernad, Carrillo, & Geiser, 

2014). Specifically, the items with the highest and lowest unstandardized loadings were 

assigned to parcel 1, followed by the next highest and next lowest items to parcel 2, and so 

on until all items were assigned to a parcel. IN Parcel 1 involved the attention to details, 
follow through, and easily distracted symptoms; IN Parcel 2 the sustaining attention, 
organization, and mental effort symptoms; IN Parcel 3 the does not listen, loses things, and 

forgetful symptoms. HI Parcel 1 involved the fidgets/squirms, runs/climbs, and talks 
excessively symptoms; HI Parcel 2 the leaves seat, blurts answers, and awaiting turn 
symptoms; and HI Parcel 3 the playing quietly, on the go/driven, and interrupts/intrudes 
symptoms. Overall Impairment Parcel 1 consisted of the interferes with child interactions 
and interferes with daily responsibilities items; Overall Impairment Parcel 2 the interferes 
with adult interactions and interferes with educational activities items; and Overall 

Impairment Parcel 3 the interferes with home life and family, interferes with community 
activities, and interferes with recreational activities items. Each parcel was then used as a 
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manifest variable. Thus, each latent construct (IN, HI, or Overall Impairment) was 

represented by three manifest variables.

Criteria and procedure for invariance tests—Because the chi-square difference test is 

known to detect small discrepancies of no theoretical or practical consequence in large 

samples (Chen, Sousa, & West, 2005), changes in CFI, TLI, and RMSEA were used to 

assess the invariance of model constraints at the level of the indicators (i.e., loadings and 

thresholds). Specifically, if the decrease in CFI was less than 0.01, and the TLI and RMSEA 

showed little change (Chen, 2007; Little, 2013), the imposed constraints were assumed to be 

invariant. In order to test for measurement invariance of the three constructs across time, we 

first evaluated the 25 items (i.e., nine IN, nine HI, and seven functional impairment items) 

by constraining like-item loadings and thresholds to be equal across the four time points 

covering the largest time frame with evenly spaced assessments (i.e., pre-K, post 1st, post 

4th, and post 9th grade). The post kindergarten and post 2nd grade waves were excluded to 

simplify model estimation with manifest variables. These analyses included correlated 

residuals for like-items across all occasions. Using the same 25 manifest variables at the four 

occasions, multiple group tests were then carried out to determine if the individual items 

showed measurement invariance across sex.

Following the recommendation by Little (2013), multiple group models of configural, 

strong, and latent mean, variance, and covariance invariance were then tested between 

females and males using parceled indicators, as described above. For these analyses, chi-

square difference tests using the scaling correction factor as outlined by Muthén and Muthén 

(2012) were used to evaluate the invariance of structural parameters. Given sample size 

considerations and the higher power associated with longitudinal SEM models, a more 

stringent p-value was used to determine significance of these comparisons (p < .005) (Little, 

2013). For latent factor mean comparisons, an omnibus test constraining all factor means 

between groups was first performed, followed by tests individually releasing constraints on 

the HI, IN, and then functional impairment factors between males and females. These 

multiple group comparisons test whether the IN, HI, and functional impairment constructs 

are factorially invariant across sex. If the variance-covariance matrices can be equated for 

males and females, the entire sample can then be analyzed as a single group in subsequent 

analyses.

Longitudinal cross-lagged analyses—Upon establishing the temporal and sex 

measurement invariance of IN, HI, and overall functional impairment across all 

measurement occasions, the three latent simplex models (i.e., autoregressive models in 

which, for example, each latent IN factor is regressed onto the IN factor from the prior 

occasion) were estimated. A latent cross-lagged model was then estimated, combining the 

three latent simplex models into a single model and regressing each occasion’s constructs 

onto those of the previous occasion. To examine separately the relations between ADHD 

symptoms and social, academic, and recreational impairment while maintaining an identified 

model, three additional three-level cross-lagged models were estimated in which each of 

these impairment domains was modeled as a single item or mean of items. The social 

impairment model included the interferes with home life and family, interferes with child 
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interactions, and interferes with adult interactions items; the academic impairment model 

included the interferes with educational activities item; and the recreational impairment 

model included the interferes with recreational activities item.

Missing data

Due to the high rate of retention across all waves of the study (>92%), data were missing for 

a relatively small proportion of observations at each wave (mean = 9%, range for individual 

items = 1 - 24%). Covariance coverage for parents’ ratings ranged from 0.58 to 0.99. The 

percentage of missing data for each variable ranged from 1.4% to 29.0%, with a mean 

(standardized deviation) of 12.3% (8.6%). Analyses of individual items used the WLSMV 

estimator with a pairwise approach to missing data. Analyses using item parcels used the 

MLR estimator with a full information maximum likelihood approach to missing data.

Results

Descriptive information on manifest variables

Developmental changes in levels of IN, HI, and functional impairment—Table 1 

provides the descriptive results for the manifest variables. The mean level of HI symptoms in 

the population declined significantly across development (Table 1), with medium to large 

effect sizes for paired t-tests of the differences between ratings obtained in preschool and 

kindergarten and ratings obtained after 4th and 9th grade (d = .4 - 1.0). In contrast, mean 

levels of IN and functional impairment generally remained stable (d < .2 for all changes 

between years). Mean ratings of IN, HI, and overall impairment were all higher for males 

than females (see Table 1; mean d for IN, HI, and impairment = .32, .35., and .27, 

respectively).

Table 1 also shows the bivariate correlations between the mean ratings of IN, HI, and 

functional impairment at each of the six assessment points. All correlations were significant 

and medium to large in magnitude for IN, HI, and overall functional impairment, and all 

results followed the expected longitudinal pattern in which ratings at adjacent time points 

correlate more highly with one another than with ratings at more distant time points. Results 

were similar when functional impairment was subdivided into measures of academic and 

social impairment, with slightly lower longitudinal correlations observed for the single-item 

measure of impairment during recreational activities (see online supplementary material, 

Supplemental Table 1).

The relation between IN and HI and risk for concurrent functional impairment
—Bivariate correlations between manifest IN and HI were moderate at all time points (r = .

52 - .59), and IN and HI were also significantly associated with all aspects of functional 

impairment at each assessment (Table 2). When measures of each aspect of functional 

impairment were regressed onto both symptom dimensions simultaneously, both IN and HI 

were independently associated with overall impairment, social impairment, and recreational 

impairment at all six assessments. In contrast, only IN was independently associated with 

academic impairment after the beginning of first grade (i.e., both dimensions were 
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independently associated with concurrent academic impairment prior to and after 

kindergarten).

Factor structure and reliability—Individual IN, HI, and functional impairment items 

loaded strongly on the corresponding latent trait at each of the assessment points (mean 

standardized loading = .80 for IN, .77 for HI, and .82 for impairment), providing strong 

initial support for the internal validity of the DSM-IV model. Similarly, estimates of internal 

consistency were high for composite measures of IN, HI, and each aspect of functional 

impairment at all time points (α = .86 – .93; Table 1).

Analyses using individual items

Temporal and sex invariance—Due to the different developmental trajectories of IN 

and HI, as well as mean differences between females and males, separate temporal and sex 

invariance models were fitted to test whether ratings of ADHD symptoms and functional 

impairment measured the same constructs across development and sexes. Table 3 

summarizes the results of the invariance analyses for like-item loadings and thresholds 

across the six time points. The configural model demonstrated an acceptable and close fit to 

the data (CFI = .94; TLI = .94; RMSEA = .030), and the strong invariant model with 

loadings and thresholds constrained to be equal at all time points did not result in a 

significant decrease in fit. The baseline model for the multiple groups sex invariance tests 

also yielded an acceptable and close fit (CFI = .94; TLI = .94; RMSEA = .028), and the 

strong invariant model did not result in a meaningful decrement of fit. These results indicate 

that these constructs are consistent across both development and sex, and that any 

differences over time or between males and females are not due to changes in the constructs’ 

measurement properties.

Analyses using parceled items

Sex invariance—Finally, a multiple group model with sex as a grouping variable 

demonstrated very good and close fit (Table 3; CFI = .96; TLI = .95; RMSEA = .037), and 

the strong invariant and latent variance-covariance invariant models did not result in 

significant decrement of fit. Therefore, although mean ratings on IN, HI, and functional 

impairment were higher for males than for females, these results indicate that the covariance 

structure is similar for both sexes. Table 4 presents the latent factor means and standard 

deviations for the full sample, as well as separately for females and males. The latent effect 

sizes for sex differences were generally small in magnitude for the IN, HI, and overall 

impairment factors (d̄ = .32, .37, and .23, respectively). Thus, although latent mean 

invariance was not upheld, sex only accounted for 10%, 13% and 5% of the variance in IN, 

HI, and overall impairment factor means, respectively. For the remainder of the analyses 

reported in this paper, the entire sample was analyzed as a single group (to confirm that this 

did not bias the results, analyses were also completed separately in males and females, and 

the overall pattern of results was nearly identical to the analyses of the full sample).

Developmental stability of ratings of ADHD symptoms and functional 
impairment—Latent trait models were then used to examine simultaneously the overall 

stability of IN, HI, and functional impairment from preschool through ninth grade. Mean 
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standardized loadings of the parcels on the IN, HI, and functional impairment factors were 

high (IN M = .89; HI M = .84; and functional impairment M = .86), and the composite 

reliability coefficients (true-score variance) across occasions were excellent for all three 

factors (IN M = .95; HI M = .95; and functional impairment M = .93). These results 

confirmed that the models with parcels as manifest variables also displayed excellent 

psychometric properties. These parcels were then used to construct latent factors at each 

time point for the estimation of both simplex and cross-lagged models, maintaining the 

loading and intercept constraints of the strong invariant model.

The simplex models of ratings of IN, HI, and functional impairment from preschool through 

post 9th grade each displayed very good and close fit (CFIs >.97, TLIs >.96, and RMSEAs 

<.054; Supplemental Table 2). Furthermore, the standardized stability coefficients indicate 

significant temporal stability for both IN and HI (r̄ = .70 and .74, respectively). Stability 

coefficients were also significant but marginally lower for the functional impairment latent 

trait (r̄ = .62), with the strongest evidence of stability in mid to late childhood.

Longitudinal models—Finally, the developmental relationships between IN, HI, and 

functional impairment were examined by fitting a full, latent cross-lagged model with the 

IN, HI, and functional impairment parcels (Figure 1). The full cross-lagged model for IN, 

HI, and overall functional impairment provided a very good and close fit to the data 

(X2(1249) = 1875.3, p < .001; CFI = .97; TLI = .96; RMSEA = .032 [.029–.035]. In order to 

simply this figure, the factor correlations and disturbance parameters can be found in 

Supplemental Table 3. The significant cross-lagged paths, which represent standardized 

partial regression coefficients, indicate cumulative increases in overall impairment if one is 

rated highly on IN after kindergarten, first, second, and fourth grades (i.e., increases in IN at 

these time points predict increases in impairment at the next measurement occasions above 

and beyond the predictive power of earlier increases in HI and impairment). Although only 

at one time point, this same result holds true if one is rated highly on HI after kindergarten. 

Of note, cumulative increases in IN were also evident if one is rated highly on overall 

impairment after first and fourth grades.

Similar cross-lagged models were then fit to mean values for ratings of social impairment, 

academic impairment, and impairment in recreational activities. Each of these models also 

displayed a very good and close fit (Supplemental Table 4). After accounting for previous 

social impairment, HI predicted new elevations of social impairment after kindergarten, first, 

and second grade, and IN predicted new elevations of social impairment after first, second, 

and fourth grades (Supplemental Figure 1). IN symptoms also predicted new academic 

impairment at each subsequent assessment, even over the five-year span from the summer 

after fourth grade to the end of ninth grade (Supplemental Figure 2). In contrast, HI 

symptoms were not uniquely associated with elevated risk for future academic impairment at 

any of the assessment points. Prior academic impairment, however, was significantly 

associated with IN elevations after kindergarten, first, and ninth grades. Finally, earlier HI 

symptoms predicted a unique increase in impairment in recreational activities at the first 

three outcome assessments (i.e., after kindergarten, first, and second grades), and prior 

elevations of IN symptoms predicted new recreational impairment elevations over the 

remaining years (i.e., at the end of fourth and ninth grades; Supplemental Figure 2).
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Discussion

A ten-year longitudinal study of 489 individuals first assessed prior to kindergarten was used 

to examine the temporal and sex invariance of the 18 ADHD symptoms, as well as their 

associations with multiple aspects of functional impairment. To our knowledge, the results 

demonstrate the measurement invariance of the ADHD symptoms across both age and sex in 

a more comprehensive manner than any prior study. After summarizing the implications of 

the current results for developmental models of impairment related to ADHD, we discuss the 

results’ consequences for diagnostic models of ADHD. We then describe several important 

limitations of the current study and highlight key directions for future research on ADHD 

symptom dimensions and their relations with different aspects of functional impairment.

Structure and stability of individual differences in ADHD symptom 
dimensions—Separate confirmatory factor analyses at each assessment point provided 

strong support for the distinction between the DSM-IV IN and HI symptom dimensions 

from preschool through early adolescence, and simultaneous SEM of ratings at all six time 

points indicated that parent ratings of IN and HI measure the same constructs across 

development. Further, high stability correlations for both IN and HI in the current 

longitudinal analyses add to a growing literature that suggests that the rank order of 

individuals in the population remains relatively stable for both IN and HI despite a decline in 

mean levels of HI across development.

The decline in HI symptoms as children get older is consistent with the results of earlier 

longitudinal studies of children with a clinical diagnosis of ADHD (Hinshaw et al., 2006; 

Lahey & Willcutt, 2010), indicating that this pattern is present in the overall population and 

is not restricted to individuals with ADHD. The different developmental trajectories of the 

symptom dimensions may also help explain why some individuals appear to shift 

systematically from the combined presentation of ADHD to the inattentive presentation over 

time (Willcutt et al., 2012).

Sex differences (and similarities)—The current results also replicate the well-

established finding that males are rated higher on the IN and HI symptoms than females 

(e.g., Gaub & Carlson, 1997; Gershon, 2002; Willcutt, 2012). The consistency of this pattern 

across six assessment points in an unselected population-based sample provides additional 

confirmation that the higher rate of ADHD in males is not simply a clinical selection artifact 

or the result of item bias. Multiple group SEM also indicated that the factor structure of 

ADHD symptoms could be equated between both sexes. The finding of both measurement 

and structural invariance across the sexes is of arguably greater importance than mean 

differences in symptom ratings. The results demonstrate that the ADHD symptoms function 

in the same manner for both males and females. This important prerequisite not only 

provides support for the common practice of combining male and female samples for 

research purposes, but also indicates that the mean differences between sex are true 

differences in the ADHD construct (i.e., not due to item bias, differential item functioning, 

or changes in the rating scale’s measurement properties over time). These results replicate 

prior sex invariance findings for the DSM-IV ADHD dimensions (Burns et al., 2006), 
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reproduce null results reported by earlier meta-analyses of sex differences in impairment 

(Gaub & Carlson, 1997; Gershon, 2002), and extend these findings by demonstrating that 

these results hold over a ten-year period from early childhood through early adolescence.

The current results thus provide important additional support for the validity of the IN and 

HI symptom dimensions in both males and females, but they do not explain the higher 

prevalence of ADHD in males beyond establishing that this difference is not due to 

differential item functioning or changes in the symptoms’ measurement properties between 

sex or over time. Furthermore, despite the higher prevalence and mean ratings for males, sex 

only accounts for 10% of the variance in IN factor means and 13% for HI. One recent paper 

suggests that a small proportion of the difference in ADHD symptoms between males and 

females may be mediated by females’ stronger performance on measures of processing 

speed, but this effect is relatively small and most of the sex difference remained unexplained 

(Arnett, Pennington, Willcutt, DeFries, & Olson, 2015). Further research is needed to 

understand sex differences in the prevalence of ADHD.

IN and HI as risk factors for concurrent and future negative outcomes—IN and 

HI were associated with multiple aspects of functional impairment in cross-sectional 

analyses at all time points, and latent cross-lagged models indicated that both symptom 

dimensions were associated with significant impairment at future assessments even after 

controlling for earlier levels of impairment. In contrast to elevated IN ratings’ association 

with subsequent overall impairment at four of the five possible waves (i.e., after 

kindergarten, first, second, and fourth grades), only increases in HI ratings after kindergarten 

were uniquely associated with cumulative increased in later overall impairment. At the level 

of specific aspects of concurrent and future impairment, however, important differences 

emerged between the dimensions. Only IN was independently associated with concurrent 

and future academic difficulties, suggesting that the significant bivariate association between 

HI and academic impairment is explained by variance shared with IN rather than a unique 

association with HI per se. This pattern of results is highly consistent with earlier cross-

sectional studies of various academic measures (see review by Willcutt et al., 2012) and 

underscores the unique importance of early IN symptoms as predictors of reading difficulties 

in early (Dittman, 2016) and middle (Pham, 2016) elementary school and critical targets for 

early identification and intervention. Furthermore, the significant cross-lagged paths from 

earlier overall impairment, and especially academic impairment, to IN may reflect the 

effects of early academic demands on IN behaviors (Brosco & Bona, 2017). These paths 

may also reflect the finding that, at least for a subset of individuals, academic impairment – 

and in particular reading difficulties – may either cause later attentional difficulties or be 

related to IN symptoms through shared genetic and cognitive risk factors (McGee, Prior, 

Williams, Smart, & Sanson, 2002; Willcutt, Betjemann, Pennington, Olson, DeFries, & 

Wadsworth, 2007).

In contrast to the results for academic functioning, both HI and IN were independently 

associated with social and recreational impairment in cross-sectional analyses at all six 

assessment points. Both IN and HI also predicted significant new impairment in these 

domains at several later assessments. However, consistent with recent meta-analytic results 

(Ros & Graziano, 2017), the effects were strongest for HI at the earlier assessments, whereas 

Leopold et al. Page 13

J Abnorm Child Psychol. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



levels of IN were only associated with future recreational impairment after fourth and ninth 

grade. Although the reasons for these differences are unclear, they may reflect the impact of 

early impulsivity on social and recreational functioning or changes in the nature of 

recreational activities later in development to include more significant attentional demands. 

Future studies that examine the relations between IN and HI and a wider range of measures 

of recreational and social functioning would provide a useful extension of the current results 

to test these and other possibilities.

Implications for diagnostic models of ADHD—The current results replicate and 

extend results from previous cross-sectional studies of the validity of the DSM-IV model of 

ADHD (see Willcutt et al., 2012). Importantly, results indicate that the symptoms of ADHD 

are invariant and function similarly between males and females and from early childhood 

through adolescence. As put forth in the DSM-IV, the IN and HI dimensions are correlated 

but clearly separable constructs that are independently associated with both concurrent 

impairment and increased risk for important negative outcomes later in development.

Although the current results do not have direct implications for decisions regarding the 

inclusion of nominal diagnostic subtypes as part of the ADHD diagnosis, the marked 

developmental instability of the DSM-IV subtypes and other results continue to call into 

question the utility of a subtype model to describe heterogeneity among individuals with 

ADHD (Lahey & Willcutt, 2010; Willcutt et al., 2012). Furthermore, the nominal subtypes 

offered little in the way of optimizing intervention efforts or clarifying causal pathways. The 

DSM-5 symptom presentations were thus intentionally framed to reflect potential 

developmental changes over time while retaining “subtype-like” categories. This use of 

presentations rather than subtypes appears to be consistent, for example, with the 

developmental declines in HI mentioned above.

As an alternative, the current results, as well as those from recent bi-factor analyses of 

ADHD symptoms in childhood and a recent study of the dimensionality of ADHD in 

adulthood (Hartung et al., 2016), provide additional empirical support for a model that 

would incorporate dimensional modifiers that reflect the number of IN and HI symptoms at 

the time of assessment (e.g., mild, moderate, and severe for 0–2, 3–5, and 6 or more current 

symptoms; see Willcutt et al., 2012). Such a model might also encourage research on the 

developmental course and biobehavioral underpinnings of these presentations. At a 

minimum, the current results argue strongly that separate IN and HI dimensions should be 

retained in the diagnostic criteria for ADHD. These results also underscore the impairing 

nature of IN across development and the clinically salient effects of HI, especially during the 

earliest educational years.

Limitations and future directions

A primary strength of the current study is the use of a large community sample that was first 

assessed prior to the beginning of school and then tested five times over a ten-year period 

ending after ninth grade. The same measures of ADHD and functional impairment were 

obtained at all assessments, and the low rate of attrition (approximately 92% retention 

through ninth grade) helped to minimize bias and maximize statistical power. Despite these 
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strengths, the current study also has several limitations that should be considered when 

interpreting the results.

Use of twins—All participants in the current study were members of same-sex twin pairs 

that were recruited through a community twin registry. While this sampling procedure 

facilitated the recruitment of a sample that is generally representative of the overall 

population of twins in Colorado, any unique effects of being a member of a twin pair may 

limit generalization to the larger population of singletons. Therefore, the current conclusions 

would be strengthened if they were replicated in a longitudinal sample of nontwins.

Measurement of ADHD—As part of the aims of the larger study, the measures of ADHD 

and functional impairment were added as one part of a battery of parent report 

questionnaires designed to assess a range of factors that might covary with individual 

differences in academic development. Due to time and budget constraints, DSM-IV ADHD 

was defined by parent ratings on the DBRS rather than a full structured diagnostic interview. 

In a previous study we found excellent agreement between parent ratings on the DBRS and a 

DSM-IV structured interview, suggesting that these methods are likely to yield similar 

results (Willcutt et al., 2010).

A second important measurement limitation is the fact that all ratings were completed by 

parents. Teacher ratings were not included in the current longitudinal analyses because they 

were only available after second grade. However, secondary analyses of the data collected 

after second grade indicated that correlations were moderate between parent and teacher 

ratings of IN (r = .55) and HI (r = .42), and the magnitudes of these correlations are similar 

to the pooled correlations reported in the recent meta-analysis of previous studies of DSM-

IV ADHD (Willcutt et al., 2012). Further, the overall pattern of results when teacher ratings 

of functional impairment at the end of second grade were predicted by parent ratings of IN 

and HI was very similar to the results based only on parent ratings. Consistent with cross-

setting invariance findings for the ADHD symptom dimensions (Burns et al., 2014; 2016), 

these results collectively suggest that the overall pattern of results are likely to have been 

similar if teacher ratings were included.

Nonetheless, the parent ratings available for all waves in the current study cannot rule out 

the potential influence of rater effects. Future studies that include both parent and teacher 

ratings and other functional impairment measures would provide a useful extension of the 

current results. By incorporating information from multiple raters, future studies could test 

the extent to which any observed within-trait stability or cross-trait prediction is due to rater- 

versus trait-specific variance.

Measures of functional impairment—The criteria for ADHD in DSM-IV and DSM-5 

include detailed operational definitions of the nine symptoms of IN and HI. In contrast, little 

specific guidance is provided regarding the measurement of functional impairment. 

Although the seven impairment items in the current study were drawn from a widely-used 

rating scale (Barkley & Murphy, 1998), relatively little was known about the psychometric 

characteristics of these impairment measures prior to the current study. The significant 

stability of all four impairment measures over a ten-year period provides important evidence 
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that parent ratings of impairment are reliable and stable over time, and the relation between 

ADHD symptoms and these impairment measures provides critical support for the 

concurrent and predictive validity of IN and HI.

While these results support the utility of the current measures of functional impairment, it is 

also important to acknowledge the limitations of these ratings. Whereas the seven-item scale 

allowed us to create a latent measure of overall impairment, the social, academic, and 

recreational impairment measures were composites of measured items that were not free of 

measurement error or item-specific variance. Further, while stability correlations were 

significant for all impairment measures over the ten-year period of the study, the stability of 

several of the functional impairment measures was lower than the stability of the ratings of 

IN and HI. The lower stability of the functional impairment measures may simply reflect the 

weaker psychometric properties of these scales, or could potentially indicate that levels of 

impairment may be more malleable over time than symptoms of ADHD.

Future studies of ADHD and functional impairment should employ measures that assess 

specific aspects of functional impairment with a larger pool of items or alternative 

approaches to measure functional impairment. More broadly, systematic research is needed 

to develop and validate psychometrically sound measures of different dimensions of 

functional impairment, ideally with adequate normative data to facilitate their use in clinical 

practice.

Specific limitations of SEM—An important limitation of any structural equation 

modeling approach is the existence of numerous, equally well-fitting models. The current 

model provides an acceptable, parsimonious description of the data, and is consistent with 

the extensive literature that supports a model with two correlated IN and HI factors to 

describe the structure of ADHD symptoms (Willcutt et al., 2012). However, bi-factor models 

of ADHD (e.g., Toplak et al., 2012) have also grown in popularity and been shown to 

demonstrate comparable or superior fit to two-factor models (Willoughby, Blanton, & 

Family Life Project Investigators, 2015), although recent work questions the validity and 

interpretability of these models (Eid, Geiser, Koch, & Heene, 2017). These models, in which 

a general factor is created from all 18 symptoms and IN- and HI-specific factors are created 

from residual variance in their respective symptoms, have demonstrated, among other things, 

that although the IN and HI factors are dissociable, their respective symptoms have more 

shared than unique variance. This emerging literature emphasizes that two-factor, bi-factor, 

and alternative models are both possible and should be further explored. Finally, it is 

important to note that these models do not intend to make causal claims about the 

relationships between ADHD dimensions and impairment. Instead, causality is only 

implicated by the fact that these reliable predictive effects emerged over time.

Conclusion

Results from a population-based longitudinal sample of 489 twins indicated that the parent-

rated IN, HI, and overall impairment constructs were invariant between females and males, 

as well as across the ten-year period from preschool through the end of ninth grade. Despite 

small mean differences between males and females, as well as decreasing HI levels over 
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development, the IN and HI dimensions were highly stability. Latent cross-lagged models 

indicated that both IN and HI were independently associated with increased risk for 

concurrent and future overall, social, and recreational impairment, whereas only IN was 

uniquely associated with later academic impairment. These results underscore the 

importance of the distinction between symptoms of IN and HI, and suggest that early 

elevations of IN and HI symptoms may provide key information regarding risk for 

impairment later in development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Structural equation model of the latent cross-lagged relationships between inattention (IN), 

hyperactivity/impulsivity (HI), and overall functional impairment. N = 489. All cross-lagged 

paths of IN and HI predicting the impairment domain, and the impairment domain 

predicting IN and HI were included, but only significant (p < .05) paths are depicted. Lines 

with single arrowheads represent directed regression paths, whereas lines with double 

arrowheads represent bivariate correlations. The disturbance terms at each time point after 

preschool are significantly correlated with one another (see Supplemental Table 3). IN = 

inattention; HI = hyperactivity/impulsivity; FI = functional impairment; Imp. = impairment; 

T1 – T6 = preschool, post K, post 1st, post 2nd, post 4th, and post 9th grade.
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