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Abstract The objective of the study was to examine the

factor structure of attention-deficit/hyperactivity disorder

(ADHD) symptoms in a representative population survey

of adults and the association of these factors with health

outcomes. Hierarchical and correlated factor analysis

models were compared, and regression analyses with these

models were used to determine the associations with psy-

chological distress and substance use problems. A total of

1449 adults 18–65 years of age participated in a cross-

sectional survey over the phone. ADHD symptom data

came from an ADHD screener (10 items), and health out-

comes were assessed using a questionnaire measuring

psychological distress and two measures of substance use

problems. The hierarchical general factor models with

specific factors best represented the structure of ADHD in

this representative population survey. The general factor

and residual inattention factor were significantly associated

with psychological distress, and the general factor was

associated with substance use problems. From the corre-

lated factor models, the inattention factor was associated

with psychological distress and the hyperactivity factor

was related to substance use problems. The hierarchical

and correlated factor models explained similar levels of

variance in outcomes. The results replicate previous studies

indicating that a model of ADHD symptoms with a unitary

dimension and separable dimensions of residual inattention

and hyperactivity/impulsivity demonstrates a better fit than

correlated factor models. The ADHD general factor was

consistently significantly related to outcomes.

Keywords ADHD � Hierarchical models � Bifactor

model � Health outcomes � Representative population

survey

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neu-

rodevelopmental disorder which begins in childhood and

tends to persist into adolescence and adulthood. ADHD is

characterized by problems with attention, impulsivity, and

hyperactivity. The current diagnosis derives from 18 be-

havioral symptoms [American Psychiatric Association

(APA), DSM-5 2013], which is consistent with the previ-

ous criteria (APA, DSM-IV-TR 2000). Hierarchical and

correlated factor analysis models have been used to char-

acterize the association between symptoms. Several studies
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have demonstrated that hierarchical models, which are

characterized by a general factor underlying all 18 symp-

toms, better explain the pattern of relationships than

symptoms than models with correlated factors (Dumenci

et al. 2004; Gibbins et al. 2012; Gomez 2014; Martel et al.

2010; Morin et al. 2013; Normand et al. 2012; Toplak et al.

2009, 2012). The utility of these models can be further

assessed by examining whether the individual factors in

these models are differentially correlated with outcomes. In

this study, we examined hierarchical and correlated factor

models to examine the factor structure of ADHD symptoms

using a 10-item screener in a representative population

survey. In addition, we examined whether the factors in

these models were differentially related to general health

and substance abuse behaviors.

Factor analytic models and ADHD symptoms

Correlated factor models and hierarchical models have

been used to examine the factor structure of ADHD

symptoms. Hierarchical models provide a way to simul-

taneously conceptualize both the coherence and separa-

bility of symptoms. These models include a single general

factor accounting for covariation among all symptoms

along with separate, residual factors that capture aspects

of inattention, hyperactivity, and impulsivity symptoms

that are orthogonal to the general factor. These models are

also termed bifactor models because the variance of any

given symptom is simultaneously explained by two fac-

tors: the general factor and a specific, residual factor.1 On

the other hand, correlated factor models only have factors

for the symptom domains of inattention and hyperactivity

and/or impulsivity; here, each symptom is explained by

only one symptom domain factor (see Fig. 1). Several

studies have shown that hierarchical models with a gen-

eral factor have a better fit to the pattern of correlations

between the 18 ADHD symptoms than correlated factor

models (e.g., Dumenci et al. 2004; Gibbins et al. 2012;

Gomez 2014; Martel et al. 2010; Morin et al. 2013;

Normand et al. 2012; Toplak et al. 2009, 2012). These

papers span clinical and community samples, and child,

adolescent, and adult samples with ADHD. A one-factor

model has also been considered, but thus far it has no

empirical support (Dumenci et al. 2004; Toplak et al.

2012).

The utility of hierarchical models is that they provide a

measurement model that explicitly acknowledges the sub-

stantial commonality between the domains of inattention

and hyperactivity–impulsivity that has been documented in

the empirical literature. Inattentive symptoms tend to be

more highly correlated with hyperactivity and impulsivity

than with other domains of psychopathology (Adams et al.

1997; Conners 2008; Strickland et al. 2011), with the ex-

ception of oppositional behaviors (Lahey et al. 2008).

Current models of ADHD also highlight how the symptom

domains of inattention, hyperactivity, and impulsivity

likely combine to give rise to the heterogeneous expression

of ADHD (Nigg and Casey 2005; Sagvolden et al. 2005;

Sonuga-Barke 2005; Sonuga-Barke et al. 2008).

The first purpose of this paper was to test hierarchical

and correlated factor models of ADHD symptoms in a

representative population survey of adults to replicate

previous findings. Based on previous research, we exam-

ined four factor structures: (a) a non-hierarchical two-fac-

tor model with correlated inattention and hyperactivity/

impulsivity factors (the correlated two-factor model); (b) a

non-hierarchical three-factor model with correlated inat-

tention, hyperactivity, and impulsivity factors (the corre-

lated three-factor model); (c) a hierarchical model of a

general ADHD factor with two specific factors for residual

inattention and hyperactivity/impulsivity (the hierarchical

two-factor model); and (d) a hierarchical model of a gen-

eral ADHD factor with three specific factors for residual

inattention, hyperactivity, and impulsivity (the hierarchical

three-factor model). A logical next step for understanding

the utility of different factor structures of ADHD symptoms

was to examine their associations with measureable

outcomes.

Outcomes and ADHD symptoms

There is convergence in the literature to suggest that adults

with ADHD or adults who report ADHD symptoms display

more functional impairments than adults who do not report

ADHD symptoms (Biederman et al. 2006), particularly

substance use and abuse (Baker et al. 2012; Burke et al.

2007; Groenman et al. 2013; Huntley and Young 2014;

Katusic et al. 2005; Kessler et al. 2006; Kousha et al. 2012;

Wilens 2011; Wilens et al. 2011). Substance-related (use

and abuse) and antisocial behaviors are commonly reported

outcomes in longitudinal studies of ADHD (Barkley 2006).

Substance-related outcomes include the number of alco-

holic beverages consumed per week, the number of times

getting drunk or having passed out from alcoholic bever-

ages, and the use of a variety of drugs, including cannabis

and hallucinogens. Several other common complaints in-

clude work performance, interpersonal skills, emotional

difficulties, financial management, and neglect of health

1 In these bifactor models, it is important to recognize that the

specific factors represent residual covariation among items, which is

the relationships between items that remain with covariation due to

the general factor removed. Therefore, the specific factor for the

inattention items, for example, does not necessarily represent the

construct of inattention itself or an inattention subscale; instead, it

represents the relationships between these items that remains while

accounting for a broader ADHD construct.

G. B. Sorge et al.

123

Author's personal copy



behaviors (Barkley 2006). The association between ADHD

symptoms and outcomes is complex, as these outcomes

may be correlates or consequences of these symptoms.

Childhood self-control, as indexed by ratings that in-

clude inattention, hyperactivity, and impulsivity, has also

been found to longitudinally predict outcomes in a large

community sample of adults (Moffitt et al. 2011).

Specifically, less self-control was associated with poorer

health, less wealth, and more crimes than for adults with

higher self-control. Health outcomes were indexed by us-

ing indicators of physical health (such as cardiovascular,

respiratory, dental, and sexual health) and clinical inter-

views to assess tobacco, alcohol, and cannabis dependence.

Higher ratings of ADHD symptoms in university students

have also been associated with lower life satisfaction

(Gudjonsson et al. 2009). Furthermore, ADHD symptoms

have been associated with greater health risk indicators

(e.g., weight, body mass index, etc.; Spencer et al. 2014)

and adult mental health problems (Meinzer et al. 2013; Ng

et al. 2014). Adults with ADHD also report a lack of at-

tention to health conscious behaviors, such as exercise and

diet, and risky sexual behaviors (Barkley 2006). Across

both clinical and community samples, several domains

related to health have been implicated with ADHD symp-

toms. Indeed, many different outcomes and risky correlates

have been associated with ADHD behaviors, and the re-

lations between these variables are complex and need

consideration in models of ADHD, including factor

analytic models of the type examined in this study.

In the current study, our first purpose was to assess

whether correlated or hierarchical factor analytic models

would provide a better fit of the ADHD symptoms using

the 10-item screener from a community sample. Our sec-

ond purpose was to examine whether the factor analytic

models would be related to outcome correlates, specifically

psychological distress ratings and substance use problems.

Based on previous research, we expected that a hierarchical

model with a general ADHD factor would provide the best

fit to the relationships between reported ADHD symptoms

in this representative population survey of adults. We then

examined whether the factors in each model would be as-

sociated with outcomes related to psychological distress

and substance use problems.

Methods

Participants and procedure

The current study used a population-based sample, repre-

sentative of residents of Ontario, Canada, using a stratified

two-stage probability selection procedure. The sample in-

cluded participants aged 18 and older who participated in

the Centre for Addiction and Mental Health (CAMH)

Ontario Monitor for the 2011 collection period. The

CAMH Ontario Monitor is an annual cross-sectional sur-

vey that is primarily concerned with questions of substance

use and abuse, problem behaviors, and mental health

concerns. Households are contacted via random digit di-

aling of households included. Once a household is con-

tacted, the adult who has the closest birthday to the date of

the call is selected to participate provided that she or he

could complete the survey in either English or French.

The total sample consisted of 1449 individuals who

completed the measures included in the current study; there

were 864 females (59.6 %) and 585 males (40.4 %). Age

of participants ranged from 18 to 65 with the mean age of

46.1 (SD = 12.4). With respect to education, 27.5 % of the

sample completed high school or less, 34.2 % completed

some or all of a community college or technical diploma,
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Fig. 1 Path diagrams for model with three correlated factors (left

box) and hierarchical model with three specific factors (right box).

Rectangles labeled ASRS1 to ASRS10 represent individual ASRS

symptom items. Ovals represent latent factors. Straight arrows

represent factor loadings (regression coefficients). Curved arrows

represent interfactor correlations
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27.8 % completed some or all of the requirements for a

bachelor degree, while 11.1 % completed post-under-

graduate training or held a professional degree. Information

on the education achievement of six (0.4 %) participants

was not obtained. Regarding marital status, 965 were

married (66.6 %), 266 were single (18.4 %), 174 were di-

vorced or separated (12.0 %), and 38 participants were

widowed (2.6 %), with six individuals not reporting marital

status (0.4 %). Household income was also assessed, with

8.9 % earning less than $30,000, 11.6 % earning between

$30,000 and $50,000, 20.4 % earning between $50,000 and

$80,000, and 39.8 % earning more than $80,000 (19.3 %

did not provide information on household income).

Thirty-two participants (2.2 %) reported having a diag-

nosis of ADHD at some point in their lives. Of those di-

agnosed with ADHD, 24 reported being prescribed

medication, with five reporting being prescribed medica-

tion within the last year.

Regarding the representativeness of this sample, the

Monitor sample is drawn so that the weighted sample

should be representative of the adult population of Ontario.

Periodic checks are conducted to confirm this. The 2013

weighted Monitor sample was compared to Ontario census

data from 2013 (Ialomiteanu et al. 2014). The samples

were compared on age, sex, marital status, and region. The

results showed generally good agreement between the

Monitor sample and the census data. There were no sig-

nificant differences on measures of age and sex. However,

the Monitor sample was somewhat overrepresentative of

those married or living with a partner (67.3 vs. 54.5 % in

the census) and those living outside Toronto (80.0 vs.

78.2 % in the census).

Measures

Adult ADHD Self-Report Scale version 1.1 screener

(ASRS)

The ASRS was developed by Kessler et al. (2005) and is

based on symptoms of ADHD described in the Diagnostic

and Statistical Manual of Mental Disorders (4th edition).

Of the 18 symptoms, Kessler et al. (2005) found six items

to be highly predictive of ADHD, and these six items

comprise the screener. Within the six items of the

screener, four are based on symptoms of inattention with

the other two based on hyperactivity. In an effort to in-

clude symptoms of each of the three domains described in

the DSM-5, all three impulsivity symptoms (finishing

other’s sentences, difficulty waiting turn, and interrupting

others) were added to assess this domain of ADHD.

Furthermore, one additional item to assess hyperactivity

(difficulty remaining seated) was added so that equal

numbers of hyperactivity and impulsivity items were

included. These additional impulsivity and hyperactivity

items were also taken from the full version of the ASRS.

These additions permitted a more comparable analysis of

the factor analytic studies that have examined correlated

and hierarchical models. A five-point Likert-type scale

was used (scores per item ranging from 0 to 4) with

higher scores indicating increased ADHD-related

symptoms.

General Health Questionnaire (GHQ-12)

The 12-item GHQ by Goldberg and Williams (1988) is a

screener of general psychological distress in a non-psy-

chiatric adult population. There are several versions that

vary in length (e.g., 60, 30, and 28 items), but the current

GHQ-12 has been widely validated within adult samples,

exhibiting both solid reliability and validity (Donath 2001;

Hardy et al. 1999; Navaro et al. 2007). Each of the 12 items

is phrased as a question which asks the participant to reflect

on the previous few weeks with respect to self-reports of

well-being, including stress, happiness, confidence, and

self-worth. Each item was rated using a four-point Likert-

type scale with scores per item ranging from 0 to 3. Factor

analytic studies have suggested that the GHQ-12 is com-

posed of two six-item factors: depression/anxiety and so-

cial functioning (Campbell et al. 2003). Internal

consistency of the total score was good (a = .86), as were

the social functioning and depression/anxiety subscales

(.77, and .84, respectively). Higher scores reflected more

psychological distress.

Alcohol Use Disorders Identification Test (AUDIT)

The AUDIT was developed by the World Health Organi-

zation to detect less severe problem drinking behavior

(Babor et al. 2001; Saunders et al. 1993). The AUDIT

consists of 10 items forming three subscales to assess al-

cohol consumption (e.g., number of drinks consumed

during a day of drinking; three items), alcohol dependence

(e.g., how often have you needed a first drink in the

morning to get yourself going after a night of heavy

drinking; three items), and adverse consequences (e.g., how

often have you felt guilt or remorse over your drinking;

four items). Eight of the 10 items are rated using a five-

point Likert-type scale (scores per item ranging from 0 to

4), with the two remaining items rated using a three-point

Likert-type scale (scores per item ranging from 0 to 2).

Internal consistencies for the total as well as the con-

sumption subscale were good (.76 and .75, respectively);

however, the dependence and adverse consequences sub-

scale reliability estimates were somewhat lower (.65 and

.61, respectively). Test–retest reliability (.88) and internal

consistency (.85) for the AUDIT have been reported to be

G. B. Sorge et al.
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high (Daeppen et al. 2000). Higher scores indicate more

problem drinking behavior.

Cannabis use

The ASSIST (Alcohol, Smoking, and Substance Involvement

Screening Test (WHO ASSIST Working Group 2002)) was

developed to screen for substance use and possible associated

problems. Six questions included in the ASSIST specific to

cannabis use problems were used in the current study (e.g.,

‘‘How often has your use of cannabis led to health, social,

legal, or financial problems?’’). Reliability and validity of the

ASSIST have been established (Humeniuk et al. 2008; WHO

ASSIST Working Group 2002). Internal consistency in the

current study was also adequate (.80). A total score based on

cannabis use problems was derived based on the scoring

described by the WHO ASSIST Working Group (2002).

Higher scores indicate more cannabis use.

Data analysis

The 10 items from the ASRS were used for confirmatory

factor analysis (CFA) to determine the factor structure that

best fits the pattern of relationships between the ASRS

items. Given the population was a non-ADHD sample,

several items were heavily skewed (i.e., many participants

not endorsing the symptom). The items, which were rated

on a five-point scale, were treated as continuous, and to

account for their non-normality, CFA models were esti-

mated using maximum likelihood with robust fit statistics

and standard errors (i.e., the MLR estimator in MPlus

version 6.1; Muthén and Muthén 2010), following the

recommendations of Rhemtulla et al. (2012).2

Four models were estimated and compared, including:

(1) a model with two correlated factors of inattention and

hyperactivity/impulsivity symptoms; (2) a model with

three correlated factors of inattention, hyperactivity, and

impulsivity symptoms; (3) a hierarchical, bifactor model

with a general ADHD factor that was orthogonal (i.e.,

uncorrelated) to two specific factors based on residual co-

variation among inattention and hyperactivity/impulsivity

symptoms; and (4) a hierarchical model with a general

ADHD factor orthogonal to three specific factors repre-

senting residual covariation among inattention, hyperac-

tivity, and impulsivity symptoms. Diagrams of the model

with three correlated factors and the hierarchical model

with three specific factors are displayed in Fig. 1. The fit of

each model was evaluated using the root mean square error

of approximation (RMSEA), the comparative fit index

(CFI), the Tucker–Lewis index (TLI), the Bayesian infor-

mation criterion (BIC), and the standardized root mean

square residual (SRMR). Good model fit was indicated by

RMSEA and SRMR values of .08 or lower along with CFI

and TLI values of .95 or higher. BIC was used to compare

models such that the model with lowest BIC is considered

the best fitting. After determining the best-fitting model to

represent the structure of ADHD symptoms within this

adult population, the models were expanded to examine

how each factor relates to various outcome measures (i.e.,

overall psychological distress and substance use problems).

Figure 2 provides a path diagram of the hierarchical model

with the AUDIT Total Score outcome measure.

Results

Descriptive statistics

Descriptive statistics are presented in Table 1. As expect-

ed, the participants endorsed few symptoms of inattention,

hyperactivity, and impulsivity related to ADHD because

they represent a general community sample rather than a

clinical sample. With respect to the various outcome

measures, participants also endorsed few items related to

psychological distress, alcohol use problems, and cannabis

use problems. On measures of alcohol dependence, adverse

consequences related to alcohol use problems, and canna-

bis use problems, the majority of participants had scores of

0. As such, the results in Table 1 reflect those with nonzero

scores on these measures. To increase variability related to

problem drinking behavior, the dependence and adverse

consequences subscales were summed to create a single

score (problem subscale).

Model selection

Model fit statistics for the four CFA models indicated that

the hierarchical models fit the data better than the non-

hierarchical, correlated factor models (see Table 2).

Although the fit statistics for the two hierarchical models

are relatively consistent, the factor loadings from the model

with three specific factors are described below because the

fit improved with the addition of the third specific factor.

All ten symptoms from the ASRS screener had sig-

nificant, positive loadings on the general factor, with

standardized loadings ranging from .37 to .58 (see Table 3

for loadings). In terms of the specific factors, all four

inattention items positively loaded on their specific factor,

all three hyperactivity symptoms had positive loadings on

their specific factor, and all three impulsivity symptoms

loaded positively on their respective factor. Overall, these

2 Consistent results were obtained when the items were treated as

categorical, and the CFA models were estimated using a robust

weighted least-squares method (i.e., the WLSMV estimator in

Mplus).
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results continue to highlight the presence of a dominant

general factor underlying the symptoms of ADHD ac-

cording to behavioral reports, consistent with previous re-

search. More specifically, these results support the presence

of a general factor within an adult sample while using 10

items from the ASRS as an ADHD screener.

Factor model associations with outcome measures

The models with two and three correlated factors and the

hierarchical models were further compared with respect to

the ability of their individual factors to predict several

behavioral outcome variables (i.e., psychological func-

tioning and substance use problems). For the subscales

with reduced variability (alcohol-related problems and

ASSIST total), two regression models were estimated.

First, a logistic regression was used to predict group

membership: those who did versus those who did not en-

dorse any items related to the construct. Second, linear

regressions involving only participants who endorsed items

were estimated to determine whether ADHD factors were

related to the amount of alcohol problems or cannabis use

problems.

In general, across the various regression models, the

hierarchical model with three specific factors explained

slightly more variance in the outcome variables than the

models without a general ADHD factor. Furthermore,

within the hierarchical model with three specific factors,

the general factor had the strongest association with the

majority of outcome variables (with the exception of the

Fig. 2 Hierarchical factor analytic model including the AUDIT:

Total Score outcome measure

Table 1 Mean scores on scales Variable Mean (SD) Possible range Kurtosis Skewness

ADHD: Total (n = 1392) 8.31 (5.74) 0–40 .78 .79

Inattention 3.22 (3.00) 0–16 1.27 1.08

Hyperactivity 2.32 (2.26) 0–16 .82 1.02

Impulsivity 2.79 (2.10) 0–12 1.20 .85

GHQ: Total (n = 1449) 9.05 (4.59) 0–36 5.22 1.89

Depression 3.03 (3.21) 0–18 3.38 1.65

Social functioning 6.02 (1.98) 0–18 6.32 1.12

AUDIT: Total (n = 1420) 3.91 (3.93) 0–36 7.46 2.06

Consumption 3.27 (2.66) 0–16 -.24 .65

Dependence (n = 103) 2.08 (1.79) 0–16 10.08 2.78

Adverse consequences (n = 271) 2.75 (2.23) 0–14 3.24 1.82

ASSIST: Total (n = 122) 7.74 (7.09) 0–25 2.47 1.59

ADHD attention-deficit/hyperactivity disorder, GHQ General Health Questionnaire, AUDIT Alcohol Use

Disorders Identification Test, ASSIST Alcohol, Smoking, and Substance Involvement Screening Test.

AUDIT subscales Dependence and Adverse Consequences and ASSIST: Total are based on individuals

endorsing at least one item related to the construct measured

Table 2 Model fit statistics for ASRS items

Model df v2 CFI TLI RMSEA (90 % CI) SRMR BIC

Two correlated factors 34 189.56 .933 .912 .056 (.049–.064) .042 36327.55

Three correlated factors 32 97.80 .972 .960 .038 (.029–.046) .031 36217.79

Hierarchical with two specific factors 25 40.99 .993 .988 .021 (.008–.032) .016 36189.00

Hierarchical with three specific factors 25 35.35 .996 .992 .017 (.000–.029) .015 36181.39
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amount of cannabis use problems among those participants

reporting such use).3 For example, the general factor was

significantly, positively related to psychological distress,

including the depression/anxiety and social functioning

subscales (see Table 4). In addition, the general factor was

significantly associated with the various variables related to

alcohol consumption (see Table 5). Lastly, the specific

factors were inconsistent in their associations with various

outcomes, though there were a few significant relations.

The residual inattention factor was highly related to total

psychological distress and the depression/anxiety and so-

cial functioning subscales. Furthermore, the residual hy-

peractivity and impulsivity factors were related to

difficulties in social functioning.

In contrast, the inattention factor in the correlated factor

models was related to the total psychological distress on the

General Health Questionnaire and the depression/anxiety

and social functioning subscales. Then, the hyperactivity and

hyperactivity/impulsivity factors in the correlated factor

models were significantly associated with alcohol and can-

nabis use problems (see Table 6). Finally, the factors of the

correlated factor models accounted for similar amounts of

variance in outcomes as the hierarchical model factors. All of

the models accounted for modest amounts of variance in

psychological distress outcomes (25–27 %) and little vari-

ance in substance use problems (3–5 %).

Discussion

The major purpose of this study was to examine the as-

sociations between factor analytic models of ADHD ratings

and outcomes in a representative population survey using a

cross-sectional design. The hierarchical models provided a

better fit to the ADHD symptom rating items than the

correlated factor models. When the factors of the hierar-

chical models were regressed on outcomes, the general

factor and residual inattention factors were significantly

related to psychological distress, and the general factor was

related to alcohol and cannabis use problems. When the

factors of the correlated factor models were regressed on

outcomes, the inattention factor was significantly associ-

ated with psychological distress outcomes and the hyper-

activity factor was associated with alcohol and cannabis

use problems.

The current findings replicate previous research that has

shown that hierarchical, or bifactor, models fit ADHD

symptom data better than correlated factor models (e.g.,

Dumenci et al. 2004; Gibbins et al. 2012; Gomez 2014;

Martel et al. 2010; Morin et al. 2013; Normand et al. 2012;

Toplak et al. 2009, 2012). The current replication further

validates these findings. In particular, we used a smaller set

of 10 ADHD symptom items and tested this model using a

Table 3 Factor loadings for the hierarchical with three specific factors model

Symptom General Residual

inattention

Residual

hyperactivity

Residual

impulsivity

R2

1. How often do you have trouble wrapping up the final details of a project, once

the challenging parts have been done?

.564 .543 .612

2. How often do you have difficulty getting things in order when you have to do a

task that requires organization?

.522 .675 .728

3. How often do you have problems remembering appointments or obligations? .551 .194 .341

4. When you have a task that requires a lot of thought, how often do you avoid or

delay getting started?

.573 .370 .465

5. How often do you fidget or squirm with your hands or feet when you have to sit

down for a long time?

.576 .404 .495

6. How often do you feel overly active and compelled to do things, like you were

driven by a motor?

.457 .287 .291

7. How often do you leave your seat in meetings or other situations in which you

are expected to remain seated?

.390 .164 .179

8. When you’re in a conversation, how often do you find yourself finishing the

sentences of people you are talking to, before they can finish them themselves?

.367 .499 .384

9. How often do you have difficulty waiting your turn in situations when turn

taking is required?

.506 .291 .341

10. How often do you interrupt others when they are busy? .452 .454 .411

All factor loadings are significant (p \ .05)

3 Due to technical estimation issues, it was not possible to regress the

binary problem score outcome on all four factors from the bifactor

model with three specific factors simultaneously. Therefore, this

outcome was first regressed on the general factor and the residual

inattention and hyperactivity factors in one model, and then a separate

model was used to regress the binary outcome on the general factor

and the residual inattention and impulsivity factors.

Using factor analytic models to examine the association between attention-deficit…

123

Author's personal copy



representative population survey of adults. All of the factor

loadings were positive, with the highest loadings most

consistently on the general factor. The hierarchical model

with the three residual factors displayed a better fit than the

hierarchical model with two residual factors. This result is

consistent with Gibbins et al. (2012) who also found that a

Table 4 Prediction of general health outcome scales from ASRS factors

Total score Depression/anxiety Social functioning

R2 B* p R2 B* p R2 B* p

Hierarchical model—3 specific factors .27 .28 .13

General 0.47 \.001 0.50 \.001 0.28 \.001

Residual inattention 0.19 .006 0.18 .013 0.15 .012

Residual hyperactivity -0.07 .201 -0.03 .616 -0.13 .026

Residual impulsivity -0.05 .267 -0.01 .845 -0.11 .029

Hierarchical model—2 specific factors .25 .27 .12

General 0.31 \.001 0.37 \.001 0.13 .001

Residual inattention 0.39 \.001 0.36 \.001 0.32 \.001

Residual hyperactivity/impulsivity -0.03 .538 0.00 .967 -0.07 .207

Three correlated factors model .26 .27 .13

Inattention 0.54 \.001 0.50 \.001 0.44 \.001

Hyperactivity -0.02 .748 0.01 .888 -0.07 .377

Impulsivity -0.04 .494 0.02 .676 -0.14 .041

Two correlated factors model .26 .27 .13

Inattention 0.55 \.001 0.49 \.001 0.46 \.001

Hyperactivity/impulsivity -0.06 .306 0.04 .480 -0.21 .001

B* is the completely standardized regression coefficient

Table 5 Prediction of Alcohol Use Disorders Identification Test (AUDIT) scales from ASRS factors

Total score Consumption

score

Problem score (binary;

absence vs. presence)

Problem score

(continuous; extent of

present problems)

R2 B* p R2 B* p R2 B* OR p R2 B* p

Hierarchical model—3 specific factors .03 .01 .07 .09

General 0.14 .001 0.06 .135 0.27 1.66 \.001 0.21 .008

Residual inattention -0.04 .491 -0.05 .362 -0.01 0.99 .918 0.00 .982

Residual hyperactivity 0.09 .122 0.03 .628 0.04 1.07 .731 0.21 .101

Residual impulsivity 0.04 .452 0.03 .436 0.02 1.03 .825 0.03 .732

Hierarchical model—2 specific factors .03 .01 .07 .10

General 0.17 \.001 0.08 .033 0.26 1.62 \.001 0.30 .002

Residual inattention -0.02 .622 -0.04 .293 0.03 1.06 .451 -0.02 .820

Residual hyperactivity/impulsivity 0.01 .912 0.03 .589 0.02 1.03 .779 -0.06 .548

Three correlated factors model .03 .01 .07 .10

Inattention -0.02 .705 -0.04 .359 0.06 1.11 .321 -0.03 .777

Hyperactivity 0.15 .036 0.07 .314 0.17 1.37 .038 0.30 .035

Impulsivity 0.05 .425 0.05 .423 0.06 1.13 .391 0.04 .741

Two correlated factors model .03 .01 .06 .10

Inattention -0.02 .762 -0.04 .380 0.06 1.12 .317 -0.02 .879

Hyperactivity/impulsivity 0.18 .012 0.10 .061 0.21 1.48 .001 0.31 .063

B* is the completely standardized estimated regression coefficient. OR odds ratio
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model with three specific factors fit their adult data better

than a hierarchical model with two specific factors, except

that Gibbins et al. differentiated motor and verbal hyper-

activity/impulsivity instead of hyperactivity and impul-

sivity. Hierarchical models explicitly acknowledge the

common covariation among all ADHD symptoms, which is

consistent with current models of ADHD that highlight

how the symptom domains of inattention, hyperactivity,

and impulsivity likely combine to give rise to the hetero-

geneous expression of ADHD (Nigg and Casey 2005;

Sagvolden et al. 2005; Sonuga-Barke 2005; Sonuga-Barke

et al. 2008). These results reinforce that symptoms of

inattention, hyperactivity, and impulsivity consistently load

onto a general factor instead of separate latent factors,

based on informant reports. Informants may not be able to

differentiate the behavioral experience of these symptoms

in the domains of inattention, hyperactivity, and impul-

sivity. That is, using informant reports of behavior may be

inadequate for trying to parse these complex symptom

domains. For example, an informant may recognize that a

strong impulse leads to using a substance but this informant

may not recognize that executive attentional processes may

have failed to successfully inhibit the impulse. Informants

may not recognize the unique contributions of such do-

mains to the actual behavior that is experienced and

observed.

The next step was to determine how the individual

factors from the different factor analytic models were

related to outcomes including psychological distress and

substance use problems. The total psychological distress

score was significantly associated with the general and

residual inattention factors of the hierarchical model,

whereas psychological distress was related to the inatten-

tion factor in the correlated factor models. Total scores

from the alcohol and cannabis use problem measures were

significantly associated with the general factor of the

hierarchical models and with hyperactivity and impulsivity

factors of the correlated factor models. Both sets of factor

analytic models explained comparable amounts of variance

in the outcomes. Between 25 and 27 % of the variance was

explained in the general health outcome measure, and a

more modest amount of variance was explained in the al-

cohol and cannabis use measures, between 3 and 5 % of the

variance. The results of the correlated models suggest that

inattention may have a relatively larger contribution than

hyperactivity and impulsivity for the general health out-

come, but the hierarchical models indicate that all of these

symptom domains contribute to these behaviors. Similarly,

hyperactivity and impulsivity from the correlated models

may be more strongly related to alcohol and cannabis use,

but symptoms of inattention were also associated with

these outcomes.

Participants in the current study were not assessed for a

diagnosis of ADHD. In a clinical sample, we might expect

an even stronger association between ADHD symptoms

and the outcome variables used in this study. One question

Table 6 Prediction of ASSIST

cannabis use from ASRS factors
Total score (binary; use

vs. nonuse)

Total score (continuous;

amount of nonzero use)

R2 B* OR p R2 B* p

Hierarchical model—3 specific factors .05 .06

General 0.16 1.34 .023 0.06 .754

Residual inattention -0.01 0.98 .900 0.18 .307

Residual hyperactivity 0.17 1.36 .236 0.07 .768

Residual impulsivity -0.06 0.94 .727 0.14 .516

Hierarchical model—2 specific factors .05 .03

General 0.20 1.46 \.001 0.12 .180

Residual inattention -0.03 0.94 .615 0.12 .230

Residual hyperactivity/impulsivity -0.05 0.91 .557 0.08 .601

Three correlated factors model .05 .03

Inattention -0.04 0.93 .668 0.12 .373

Hyperactivity 0.26 1.62 .037 -0.05 .761

Impulsivity -0.03 0.95 .803 0.13 .562

Two correlated factors model .04 .03

Inattention -0.02 0.96 .818 0.10 .478

Hyperactivity/impulsivity 0.20 1.45 .028 0.08 .564

B* is the completely standardized regression coefficient. OR odds ratio
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for future studies is whether ADHD symptoms in con-

junction with antisocial behaviors are more potent predic-

tors of outcomes such as substance use and abuse (Barkley

2006). Consideration of the joint contribution of these risk

variables may further validate the factor analysis models

that were examined in this study. This study provides a

basis for examining the association between ADHD

symptoms and various outcomes using structural equation

modeling techniques, specifically with using the well-

replicated hierarchical model. Clinically, this study vali-

dates the relationships between ADHD symptoms and

outcomes, suggesting that the combination of inattention,

hyperactivity, and impulsivity likely contributes together to

the associated outcomes.

Future directions should include examination of other

outcomes, including smoking and cocaine use, which were

not examined in the present study. A limitation of the

current study is that all questionnaires were administered at

a single time. Longitudinal models would permit the

prospective prediction of important outcomes from ADHD

latent variables.

The current study demonstrated that the hierarchical

factor model fits ADHD symptom data better than corre-

lated factor models using a representative population sur-

vey of adults. The individual factors of both the

hierarchical and correlated factor models were significantly

associated with psychological distress and substance use

problems. While the hierarchical factor analysis model of

ADHD provides a useful conceptual framework for ac-

knowledging the joint contribution of inattention, hyper-

activity, and impulsivity, further research is needed to

determine the utility of this model for understanding other

behavioral correlates of ADHD.
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