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Abstract
The personality-related construct of behavioral disinhibition is hypothesized to confer a
generalized risk for alcohol and drug dependence. On average, rates of substance use and scores
on measures of disinhibition peak in adolescence and decline as people mature into adulthood. The
present study investigated this developmental change by evaluating the relationship between
disinhibition and substance use disorders using a longitudinal study of 2,608 twins assessed at
ages 17, 24, and 29. These ages include the period of highest risk for substance use disorders (ages
17-24) as well as when substance dependence symptoms typically decline (ages 24-29).
Disinhibition was measured with the Multidimensional Personality Questionnaire higher-order
scale of Constraint, as well as its constituent facet scales of Harm Avoidance, Control, and
Traditionalism. Constraint’s relationship with substance dependence was statistically significant
but small and largely genetic, with the genetic relationship declining from adolescence into
adulthood. However, this result appeared to be almost entirely driven by Traditionalism, a
propensity to hold traditional moral and social values, and not an obvious component of
behavioral disinhibition. The results suggest that personality measures of Control and Harm
Avoidance play only a small role in the development of substance dependence during late
adolescence, and previous findings linking personality measures of disinhibition and substance use
may be driven significantly by social and moral values than deficits in impulse control.

A wealth of research has shown that substance use disorders tend to co-occur with one
another and with antisocial behavior. Dispositional traits such as sensation seeking,
impulsivity, and low constraint have also been shown to be associated with the
psychopathological symptoms that load on what has been termed an ‘externalizing’
spectrum (Kotov, Gamez, Schmidt, & Watson, 2010; Krueger et al., 2002; Sher & Trull,
1994; Young, Stallings, Corley, Krauter, & Hewitt, 2000). Prior research using cross-
sectional data has revealed that both the externalizing spectrum and personality traits
associated with it are heritable (Kendler, Prescott, Myers, & Neale, 2003; McGue, Bacon, &
Lykken, 1993) and can be modeled together as a highly heritable externalizing factor
(Krueger et al., 2002). This idea has gained momentum, considering recent proposals to re-
organize the Diagnostic and Statistical Manual of Mental Disorders (DSM; (American
Psychiatric Association, 2000)) in terms of the empirical covariance structures observed
through factor analysis of disorder co-occurrences. In addition, there has been increasing
interest in linking Axis I and Axis II disorders through various continuum models of
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psychopathology, where specific symptoms or disorders are conceptualized as
manifestations of a few underlying spectra of vulnerability. Among these is the externalizing
spectrum (Krueger, Markon, Patrick, & Iacono, 2005), which is hypothesized to link
disinhibitory personality traits and antisocial personality disorder with substance use
pathology.

It remains to be thoroughly investigated how the traditionally distinct domains of personality
and substance dependence co-evolve from adolescence to adulthood. The purpose of this
study was to examine the associations between the personality construct of constraint
(related to behavioral disinhibition) and the co-occurrence of substance use disorders
longitudinally using a large population-representative twin sample followed from the age of
17 until 29.

Although the trends for males and females are different, rates of substance use disorders in
the U.S. tend to increase from adolescence to young adulthood, and decline thereafter. Male
rates of dependence climb faster and higher than female rates and the correlations between
common substances decline faster in females after age 17 (Vrieze, Hicks, Iacono, & McGue,
2012). Adolescence is also a time of increased impulsiveness and decreased planfulness. It is
thought that these heightened levels of impulsivity contribute to the increased rates of
experimentation with, and misuse of, common substances during the late teens and early
twenties (Iacono, Malone, & McGue, 2008).

It has long been proposed that there are significant links between personality traits and
substance dependence diagnoses (Cloninger, 1987), and that this link has a substantial
genetic basis. In a meta-analysis, Kotov et al. (2010) found a correlation of .24 between
personality measures of disinhibition and alcohol dependence. In a large twin sample
Slutske et al. (2002) found a slightly larger phenotypic correlation of .38, and calculated that
50% of the correlation was due to additive genetic factors in males (70% in females),
implicating a shared genetic etiology among disinhibition and alcohol dependence. Others
have found similar genetic covariances among measures of disinhibition and substance use
or dependence (Krueger et al., 2002; Young et al., 2000), where common factors extracted
from the measures of SUDs and personality disinhibition in these studies were over 80%
heritable. There is recent evidence using genome-wide association studies that the
relationship can be detected at the molecular genetic level of single nucleotide
polymporphisms (SNPs), in that SNP-based genetic scores developed on an indicator of
disinhibition is predictive of scores on substance use measures (Vrieze, McGue, Miller,
Hicks, & Iacono, 2013).

Additional traction for understanding adolescent change and its impact on addiction can be
gained with longitudinal studies of adolescent substance use and personality. While early
adolescent disinhibition is known to predict later substance use and dependence (Caspi et al.,
1997; Chassin, Flora, & King, 2004; Elkins, King, McGue, & Iacono, 2006; Sher & Trull,
1994; Zucker, Heitzeg, & Nigg, 2011), it is less clear how the relationship between
disinhibition and substance use/dependence unfolds during the transition from adolescence
to adulthood. One way to tackle the problem is simply to evaluate how the correlations
among substance use disorders change with age. If disinhibition—a vulnerability factor
predicted to affect risk for all substances—is more important in causing substance use
disorders at young ages then one would expect those disorders to be more highly correlated
at young ages, and less correlated at older ages, all else being equal. This was supported by a
recent study of twins measured longitudinally from 14 to 29, where Vrieze et al. (2012)
found that at ages 14 and 17, a common factor loading onto symptom counts of alcohol,
nicotine, and marijuana accounted for 51-57% of the variance in the symptom counts. By
ages 24 and 29, however, the variance accounted for by the common factor was cut in half,
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indicating that some general liability to substance use—such as disinhibition—is very
important for the development of substance use and conduct problems in adolescence, and
its influence declines with age.

Here we describe a more direct test of the disinhibitory hypothesis, by evaluating patterns of
change in the correlations among measures of personality disinhibition and substance use.
We use substance dependence symptoms along with the Multidimensional Personality
Questionnaire (MPQ; (Tellegen & Waller, 2008)) superfactor of Constraint. The Constraint
scale is itself composed of facet-level scales of behavioral control, harm-avoidance, and
adherence to traditional values. If adolescent substance use and abuse is driven by
disinhibition then we expect measures of constraint to be more highly correlated with
substance use in adolescence (i.e., at age 17 in this sample) and for this relationship to abate
as the adolescents mature into their twenties. To test for this hypothesized trend, we fit a
longitudinal factor model wherein symptom counts of alcohol, nicotine, and marijuana
dependence, as well as the MPQ superfactor Constraint loaded on a single factor. We then
tested whether the loadings for the substance use disorder symptom counts and constraint on
the general factor declined over time. We further evaluated the relationship by testing for
decline with each of Constraint’s component subscales of Traditionalism, Harm Avoidance,
and Control. Facet-level analysis, in this case, has the potential to provide a more nuanced
perspective on the nature of the known relationship among SUDs and constraint.

There already exists some evidence in the literature for a decline in the strength of
association between personality-measured disinhibition and substance use behavior.
Littlefield, Sher, and Wood (2009), for example, reported correlations between impulsivity
measured by a mix of items from the Eyesenck Personality Questionnaire and the
Tridimensional Personality Questionnaire and a problematic drinking sumscore from a brief
questionnaire of drinking behavior. They found a correlation of .28 at age 18 that dropped
to .17 at age 35, although the decline was not tested for statistical significance in their
sample of 483. The present sample of over 2600 twins, with MPQ personality measures and
in-person diagnostic interviews, is well suited to address this question with high power and
clinically relevant diagnostic measures.

Finally, as posited by the disinhibitory hypothesis, since we expect the relationship between
constraint and substance dependence to be genetically influenced, we decomposed the
correlations into their genetic, shared environmental, and non-shared environmental
contributions. Based on the high genetic covariance among measures of disinhibition and
substance use (Krueger et al., 2002; Young et al., 2000), we expect that any observed
correlation is genetically influenced, and that decline in the relationship between constraint
and substance dependence is due to a decline in genetic correlation among these measures.

Method
Sample

The present sample was taken from the Minnesota Center for Twin and Family Research
(Iacono, McGue, & Krueger, 2006), a population representative sample of families of twins.
The sample consists of two cohorts initially assessed in adolescence and followed at 3-5
year intervals. The first cohort (N = 1252; 54% female) was initially assessed at age 17 and
re-assessed for personality and substance use at ages 24 and 29. The second cohort (N =
2510; 51% female) was also assessed for personality and substance use at ages 17, 24, and
29. The age-17 assessment was lifetime; follow-up assessments covered events occurring in
the last 3-4 years. Cohorts were collapsed for all analyses. The results did not change after
statistical correction for cohort status. Zygosity was initially assessed through questionnaire,
which has since been validated through genome-wide genotyping. The sample is primarily
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(>90%) composed of individuals of European descent who self-identify as White (M. B.
Miller et al., 2012). Attrition in the sample has been modest; participation rates ranged from
87.3% to 93.6% across all follow-up assessments. To examine the effect of attrition on
substance use, we compared 17-year-olds who were eligible for and completed later waves
of assessment versus those who did not. For males, Cohen’s d for mean differences in age
17 substance dependence symptoms between those who did versus did not complete the later
assessments were .00, −.08, and .09 for nicotine, alcohol, and marijuana, respectively. For
females, Cohen d’s for similar comparisons were −.19, −.01, and .13 (all p’s>.05). A similar
analysis with the personality measures revealed Cohen’s d’s of .08, .12, −.25, and .01 for
females for Traditionalism, Control, Harm Avoidance, and Constraint, respectively.
Disregarding multiple testing, the only significant difference was for Harm Avoidance (p=.
04), in that females lower on harm avoidance were less likely to return for follow-up. For
males, we observed Cohen’s d’s of .17, −.27, −.11, and −.17 for Traditionalism, Control,
Harm Avoidance, and Constraint, respectively (all p’s>.05).

Measures
Participants were assessed for DSM-III-R (American Psychiatric Association, 1987)
symptoms of nicotine dependence, alcohol dependence/abuse and marijuana dependence/
abuse during in-person interviews with trained interviewers. While intake interviews
diagnosed the presence of lifetime symptoms (i.e., up to the age of 17), follow-up
assessments covered symptoms present since the last assessment (in the case of the age-24
assessment this covers approximately the last three years because twins were also clinically
assessed at age 21, but personality was not measured at this age).

In-person clinical assessments used a modified version of the Substance Abuse Module
(SAM; (Robins, Babor, & Cottler, 1987)) of the Composite International Diagnostic
Interview (CIDI; (Robins et al., 1988)). The SAM had been modified only to provide
sufficient coverage of DSM-IV criteria, while retaining all coverage of DSM-3R criteria.
Diagnoses were verified in a consensus process, wherein graduate students and staff with
advanced training in clinical assessment reviewed cases to verify symptom presence. Inter-
rater reliability of substance use disorder diagnosis was greater than .91 (Iacono, Carlson,
Taylor, Elkins, & McGue, 1999).

The personality trait of constraint was assessed using the MPQ (Tellegen & Waller, 2008).
The MPQ is psychometrically sound, and has been described in great detail elsewhere
(Johnson, Krueger, Bouchard, & McGue, 2002; Tellegen & Waller, 2008). Briefly, it
consists of 3 superfactors – Positive Emotionality, Negative Emotionality, and Constraint.
For the purposes of the current study, we focused on the Constraint superfactor, which has
been linked to externalizing disorders (Krueger et al., 2002), and represents our best
personality measure of behavioral disinhibition. It consists of three subscales – Control
which measures the tendency to plan one’s actions as opposed to acting impulsively; Harm
Avoidance, which indexes the propensity to prefer safe but tedious activities rather than
thrilling but potentially dangerous activities; and Traditionalism, which assesses the degree
to which an individual endorses and engages in conventional beliefs and behaviors.
Constraint on the MPQ is calculated as a weighted sum of all the MPQ subscales (where the
weights have been derived through factor analysis). While all subscales load onto
Constraint, the loadings for Harm Avoidance, Control, and Traditionalism were by far the
most heavily weighted scales, and loadings for the other subscales are very close to zero.

Analysis
We focused on two primary analyses to examine the developmental association between
substance use disorders and the MPQ personality scales. All analyses took advantage of the

Vrieze et al. Page 4

Behav Genet. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



twin sample, and corrected for within-family covariance as a function of twin zygosity
according to standard methods (Martin & Eaves, 1977). First, for each age of assessment
(17, 24, and 29), we estimated the 4×4 correlation matrix among nicotine, alcohol,
marijuana, and personality, separately for each of the four personality measures. Using
knowledge of twin zygosity (monozygotic versus dizygotic) we decomposed the correlation
matrix into A, C, and E components, where A is the additive genetic, C the shared
environmental, and E the non-shared environmental component. Summing the A, C, and E
component matrices (A+C+E) provides the expected phenotypic correlation matrix based on
the model (i.e., the same expected correlation matrix you would get in a non-twin sample of
unrelated individuals, if the twin model is correct). For each ACE model we assumed that
means and variances were equal across both members of twin pair.

Next, we fit confirmatory factor models to the longitudinal data. An example path diagram
is portrayed in Figure 1. As can be seen in the figure, a longitudinal factor model was fit,
with one factor loading onto each of the three substance dependence symptom counts, as
well as a single MPQ scale, at each age of assessment. A separate model was fit for each of
the four MPQ scales (Constraint, Harm Avoidance, Control, and Traditionalism), separately
for males and females, resulting in a total of 8 models. Figure 1 is intentionally incomplete;
if all estimated paths are drawn the figure becomes unwieldy. Factor variances were
decomposed into the A, C, and E components, which were allowed to covary across time at
the factor level. Further, the within-measure residual factors were also decomposed into A,
C, and E, and were allowed to covary across time, to avoid artifactual inflation of the factor
loadings and/or covariances by residual non-independence. For example, nicotine at time 1
will correlate with nicotine at time 2 for reasons not associated with the common factor
(e.g., addictive properties of smoking), and this is accounted for by allowing the nicotine
residuals to correlate.

As a preliminary step, we tested for measurement invariance (Widaman, Ferrer, & Conger,
2010) in Constraint, by fitting a similar longitudinal factor model to the facet MPQ scales of
Control, Harm Avoidance, and Traditionalism. This model is equivalent to that displayed in
Figure 1, except there are only three manifest variables at each age, and those manifest
variables are the three MPQ facet scales. To test for weak invariance, we constrained
loadings to be equivalent across the three ages of assessment, for each MPQ facet scale.
Even weak measurement invariance is known not to hold for the nicotine, alcohol, and
marijuana symptom counts (Vrieze et al., 2012); hence we did not explicitly test for it.

Longitudinal factor models were compared to longitudinal saturated models for fit. All
models used Cholesky decompositions of the variance-covariance matrices, and were fit by
full information maximum likelihood, which allows likelihood ratio tests. Likelihood ratio
tests, and their resulting χ2 distributions are known to be overly sensitive to sample size,
such that useful models are routinely rejected at high levels of significance. Additionally, the
likelihood ratio test is known from theory and simulation to be suboptimal in many ways,
and other criteria have been developed to improve upon the likelihood ratio test (Vrieze,
2012). We therefore used the Akaike Information Criterion (AIC) to determine model fit, as
it is expected to select the model that will minimize common error statistics, such as mean
error of estimation, upon cross-validation (Vrieze, 2012). We note that in our particular case
other fit indices, such as the Bayesian Information Criterion (BIC), produced the same
results. When reporting the AIC, we report the null model AIC minus the alternative model
AIC. Positive values indicate evidence for the alternative model.

Finally, as a direct test of the change in relationship between personality constraint and
substance use comorbidity, we tested for decline in the squared MPQ factor loading over
time. The squared loading represents the amount of variance in the MPQ measure accounted
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for by the common factor. Alternatively, it can be interpreted as the coefficient of
determination (R2) between the common factor and the MPQ measure. If the loading
declines with age, it demonstrates that the relationship between the personality measure and
substance dependence common variance is declining as well, suggesting that etiological
processes common to both SUDs and personality are diminishing over time. The factor
loading can also be decomposed, in a sense, into additive genetic, shared environmental, and
non-shared environmental contributions, by multiplying the squared MPQ factor loading at
each age by the corresponding factor A, C, or E contribution. To test for change over time,
we refit each longitudinal factor model constraining the squared factor loading (or its A, C,
or E contribution) to be equal at all available ages. This constrained model was then
compared to the original model for fit using a likelihood ratio test. The null hypothesis here
is that there is no decline in covariance, with a resulting one-tailed test. We also examined
these tests with an AIC test for no change in covariance. This test was always consistent
with the likelihood ratio test results reported here, except that the female phenotypic decline
for Constraint was determined significant by the AIC. The corresponding likelihood ratio p-
value for this decline was .06, as reported in the Results.

Results
Both substance use and personality showed mean-level change from age 17 to 29, as can be
seen in Table 1 and Figure 2. The trajectory of change is very different between SUDs and
personality. The mean SUD symptoms rose from 17 to 24, and declined thereafter, with the
exception of marijuana dependence symptom counts in females, which declined
continuously after 17. MPQ scales, on the other hand, increased monotonically from age 17
to age 29. Note, however, that the assessment points are not entirely comparable, as the
SUDs were measured over the past ~3 years, whereas no such time frame was specified for
the MPQ. The MPQ therefore represents a more contemporaneous snapshot of each
individual’s personality at his or her age-of-assessment.

Correlations among MPQ scales and SUDs are reported in Table 2. Correlations are reported
separately for males and females, as the longitudinal correlation matrices were quite
different for males and females, according to the chi square test (χ2(78) = 210.2,
p=4.4×10−14), as well as the AIC difference between the models (−54.2). In Table 2 we find
that, for the most part, shared environmental and non-shared environmental correlations
between SUDs and MPQ scales were negligible—i.e., with absolute values generally less
than .1—and showed no discernibly consistent pattern with age. Phenotypic correlations,
and the genetic components, were relatively larger in magnitude. There is no consistent
decline in the magnitude of correlation between alcohol dependence and any personality
measure. Correlations with marijuana dependence and nicotine dependence, on the other
hand, do show decline for Traditionalism in males (p<.05, respectively) and for Constraint
and Traditionalism for females (both p’s<.05), as tested by a likelihood ratio test
constraining the substance-personality correlations to be equal at each age. Note that all
genetic and environmental contributions are scaled such that summing them produces the
phenotypic correlations.

We next tested for factorial invariance in a longitudinal factor model of Control, Harm
Avoidance, and Traditionalism. The male model was weakly invariant (invariance of factor
loadings) according to the AIC difference (0.7) and a chi square difference test (male model
χ2(6)=11.35, p=.08); the female model was not, with an AIC difference of −7.1, and a
significant chi square test (χ2(6)=19.07, p = .004). Strong invariance requires equivalence of
means and loadings, which we know based on prior research is not true for personality
during adolescence, and indeed, strong invariance did not hold in this sample for males
(χ2(6)=531.2, p=5×10−106) or females (χ2(6)=634.64, p=4×10−128). These results indicate
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that Constraint, composed of Control, Harm Avoidance, and Traditionalism, is not entirely
etiologically stable during these ages, for males or females.

Fit statistics for the eight longitudinal factor models of substance dependence symptom
counts and personality are given in Table 3. For each model, the longitudinal factor model
was preferable to the saturated model, as judged by the AIC. Tests of age-related decline in
the squared MPQ loading over time are displayed in Figure 3. Phenotypically, only
Traditionalism showed any decline in its relationship to the other SUDs over time (p=.002
for males and p=.003 for females). Both Traditionalism and Constraint showed decreases in
the additive genetic relationship with SUDs (p=.0005 and p=.04 for males; p=.002 and p=.
04 for females, respectively). No significant decrease was found for any shared or non-
shared environmental relationship.

Discussion
The current study examined genetic and environmental contributions to the relationship
between the personality trait of MPQ Constraint and its subscales, and substance
dependence symptoms from the ages of 17 to 29 in a large twin sample from the general
population. In general, mean level substance dependence symptoms increased until the mid-
twenties then declined over time (Figure 2). Personality measures of constraint continued to
increase with age consistent with previous literature (Hopwood et al., 2011; Littlefield et al.,
2009). Traditionalism was the only facet that showed relatively less mean-level change than
the other personality scales, indicating that individuals on average do not shift to the same
extent in their level of conformity or adherence to traditional moral values. Despite the trend
for Traditionalism, the findings indicate that individuals, on average, are becoming
increasingly constrained, controlled, harm avoidant, and traditional with age, during which
time nicotine, alcohol, and marijuana symptoms are increasing and then declining. While
these mean-level trends are interesting, the main hypothesis tested here is whether the
magnitude of the correlation between personality measures of constraint and substance
dependence symptom counts decreased over time. Such a result would suggest the relative
importance of disinhibition, as measured here by Constraint, in early- to mid-adolescence
for substance problems that abates with maturation into adulthood, regardless of any mean-
level changes, as predicted by the disinhibitory theory.

On the phenotypic level, only the Traditionalism subfactor showed a decreasing correlation
with substance dependence symptoms as the youths aged. However, both Constraint and
Traditionalism showed a decreasing genetic relationship with substance dependence,
consistent with the notion that as individuals age into adulthood the shared etiology among
the substance dependence symptoms is less influenced by genes relevant to personality
constraint and traditionalism. The effects for Constraint were marginally statistically
significant, but reflect an almost 50% decrease in shared additive genetic variance. Despite
this, the substance-specific results reported in Table 2 indicate that these global trends apply
most strongly to marijuana and nicotine symptom counts, and do not appear to apply at all to
alcohol symptom counts.

The most evidence for decline was evident for Traditionalism, which is a bipolar measure of
conformity and religiosity at one pole, and rebelliousness and non-conformist behavior on
the other pole. Harm Avoidance and Control did not show any consistent decline in their
relationship with substance dependence, either to individual substances or to the substance
dependence factor, despite the Control subfactor being more relevant to behavioral
disinhibition as commonly defined (deficits in impulse control). Traditionalism also
correlates with measures of political conservatism (r=.58), whereas Harm Avoidance and
Control do not (r=.05 and .13 (Bouchard et al., 2003)). One interpretation of this finding is
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that substance use is one way to be non-conformist, but only really during adolescence or, in
our case, during the age-17 assessment. Adult substance use is normative, especially for
nicotine and alcohol, but possibly for marijuana too, as a more traditional outlook on
marijuana has been changing. Thus, in adolescence, those high on Traditionalism see it as
inappropriate to use these substances, and this plays a role in whether or not they actually
use them. Conversely, adolescents low on Traditionalism see substances as yet another way
to express their non-conformist attitude. As individuals age, substance use and abuse is no
longer a way to express nonconformity, as the use of alcohol, nicotine, and marijuana is
within normal limits. While intriguing, this interpretation is limited because we did not
observe decline between Traditionalism and alcohol dependence (as seen in Table 2).

While suggestive, the present results do not uniformly support the notion that Constraint or
its constituent scales are differentially relevant for adolescent, compared to adult, substance
use and dependence. Indeed, others (Cyders et al., 2007; Dick et al., 2010; Whiteside &
Lynam, 2001) have suggested that the constraint or impulsivity construct represents an
amalgamation of different traits such as sensation seeking, novelty seeking, boredom
proneness, impulsivity, and so on, and have a number of uncorrelated facets to them
including lack of planning, lack of perseverance, need for stimulation or sensation seeking,
and impulsive actions based on extremely positive or negative moods (or urgency). These
facets may have different correlates as well. For example, while urgency predicted
problematic behaviors such as drinking, gambling and binge eating, sensation seeking was
associated with frequency of gambling and drinking (Cyders, Flory, Rainer, & Smith, 2009;
Smith et al., 2007). Results from the animal literature support a similar, though not
necessarily identical, distinction between the various constructs under the broad umbrella of
impulsivity as well. For example, Belin et al. (2008) suggest that while novelty-seeking is
related to the tendency to initiate cocaine use, that it is specifically high levels of impulsivity
that leads to addiction in rats. Others make a distinction between response inhibition and
delay aversion as well (see Dick et al., 2010 for a review). Similar to the results of this
study, disinhibition does not appear to reflect a single underlying propensity towards
externalizing behaviors. It is not apparent however where MPQ Traditionalism fits, since it
does not appear to have a direct equivalent in the factor model outlined immediately above,
or in the animal literature. It may perhaps be more similar to mood-related impulsivity
facets, rather than others such as sensation seeking or lack of planning, though it is not clear
why this should the case.

What is clear, however, is that personality measures of constraint, whether super- or sub-
factor, are only a small part of the etiological picture in the onset and offset of common
substance use disorders, at least at a population level. Looking only at the phenotypic model,
the largest correlation between a personality measure and a SUD symptom count factor was
for Control, which ranged from −.24 to −.27 for males, and for females from −.33 to −.35.
Squaring this, we can calculate that Control accounts for 6% to 13% of the variance in the
SUD common factor (displayed in the top panels of Figure 3), leaving 87-94% of the
variance unexplained.

Ignoring the longitudinal factor model we see the phenotypic correlations reported in Table
2 lie between −.10 and −.25, indicating that Constraint, Control, Harm Avoidance, and
Traditionalism account for between 1% and 7% of the variance in SUD symptom counts in
this population sample. One issue highlighted in previous studies (Cyders & Smith, 2007;
Krueger et al., 2002) is that the low correlation may be due to method-specific variance.
That is, the high observed correlations between nicotine dependence and alcohol
dependence (e.g., .70), for example, is due in part to method artifacts because they are both
assessed by interview. Since the MPQ is a self-report questionnaire, it may be that this
method of measurement is substantially different from interview, and these differences
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attenuate observed correlations between MPQ and SUD symptoms. In one study of the
effect of method variance, Cyders and Smith (2007) found an average attenuation of r=.01
between interview and questionnaire-based impulsivity measures, suggesting method
artifacts may not play a large role. Another explanation for the low correlations is that
normal-range personality measures, including scales on the MPQ, are not measuring
disinhibitory behavior or impulse control. It is clear, for example, that antisocial personality
disorder correlates quite highly with alcohol, nicotine, and marijuana dependence (Regier et
al., 1990). Researchers might consider using measures of pathological dis-constraint (e.g.,
the PSY-5; (Harkness, Finn, McNulty, & Shields, 2012)) or experimental paradigms of
behavioral control (Bickel, Odum, & Madden, 1999; Green & Myerson, 2004; Holt, Green,
& Myerson, 2003; J. Miller, Flory, Lynam, & Leukefeld, 2003) to more directly test the role
of disinhibition in the development of substance use. Alternatively, it may be that the
etiological overlap between personality and substance use psychopathology is modest at
best. As noted earlier, many other studies (Kotov et al., 2010; Krueger et al., 2002;
Littlefield et al., 2009) have found that personality measures correlate to approximately the
same extent observed here, whether in population or patient samples, indicating that small
correlations, with absolute values often much less than .30, are expected between the
domains of substance use and disinhibitory personality.
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Figure 1.
Longitudinal Factor Model. Part of the longitudinal factor model is shown here. Nd =
Nicotine Dependence; Ad = Alcohol Abuse/Dependence; Md = Marijuana Abuse/
Dependence; CON is the MPQ subfactor of Control. Separate models were fit for each of
constraint, Traditionalism, Control, and Harm Avoidance. Manifest variables are shown in
boxes, factors are in ovals, and the ACE components are in circles. For each age the
covariance among measures were modeled by a single factor. The variance of the factor is
then decomposed into A, C, or E, and those are allowed to covary across all ages. To keep
the figure legible, we show covariances only for the A component; in reality the C and E
components also covaried over time. Within-measure residuals are also allowed to covary.
Again, for simplicity we show only one within-measure across-age covariance, that for
Nicotine Dependence. The same residual covariances were estimated for alcohol, marijuana,
and the MPQ measure.
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Figure 2.
Longitudinal Means for All Measures. Note: all measures are standardized within-measure
by the age 17 mean and standard variation.
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Figure 3.
Age-Related Change in MPQ Loadings on the Substance Use Factor. Males are shown in the
left column and females in the right column. Numbers within each panel are p-values
corresponding to the change observed across age. The p-values are color-coded (e.g., a green
p-value gives the significance of decline in Traditionalism). The additive genetic
contribution is scaled such that adding it to the shared environment and non-shared
environment contributions produces the phenotypic correlation. Non-shared and shared
environmental contributions showed no significant declines, and therefore are not shown
here.
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