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Previous research indicates that attention deficit hyperactivity
disorder (ADHD) frequently co-occurs with alcohol dependence;
however, the extent to which shared genetic risk factors underpin
this association remains unclear. The aim of this study is to
investigate the relative importance of genetic, shared, and non-
shared environmental factors for the overlap between ADHD and
alcohol dependence in adults. Almost 18,000 adult twins aged 20—
45 years, from more than 12,000 twin pairs (5,420 complete pairs),
from the population-representative Swedish Twin Registry, were
included. Self-ratings were used to assess symptoms of ADHD and
alcohol dependence. Twin analysis was used to determine the role
of additive genetic (A), shared (C), and nonshared environmental
(E) factors. As a result, we found a significant association between
ADHD and alcohol dependence (odds ratio 3.58; 95% confidence
interval, 2.85-4.49). Twin analysis suggested that shared genetic
risk factors explained 64% of the overlap between ADHD
and alcohol dependence. Nonshared environmental factors
accounted for the remaining 36%, whereas the contribution of
shared environmental factors was minimal. We found no support
for statistically significant sex differences in the overlap between
ADHD and alcohol dependence. In conclusion the overlap be-
tween ADHD and alcohol dependence in adulthood was largely
explained by shared genetic risk factors. This is an important step
toward understanding the underlying nature of the risk of alcohol
dependence in patients with ADHD and suggests that individuals
with ADHD and their family members are important targets for
alcohol prevention and treatment. © 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD), characterized by
persistent and impairing symptoms of inattention, hyperactivity,
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and impulsivity, is highly comorbid with other psychiatric disor-
ders, such as depression, anxiety, and substance-related disorder
[Kessler et al., 2006].

Several studies have demonstrated an increased risk for alcohol
use disorder in both teenagers [Molina et al., 2007] and adults with
ADHD [Schubiner et al., 2000; Faraone et al., 2007; van Emmerik-
van Qortmerssen et al., 2012]. Individuals with both ADHD and
alcohol use disorder are at risk for other psychiatric comorbidities,
such as mood and anxiety disorders, conduct disorder, antisocial
personality disorder [Wilens et al., 2005], as well as poor outcome
and poor quality oflife. Alcohol dependence, the most serious form
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of alcohol use disorder according to the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) (American
Psychiatric Association, 2000), which leads to substantial im-
pairment, low quality of life, and shorter life expectancy, is increased
in individuals with ADHD [Friedrichs et al., 2012; Ameringer and
Leventhal, 2013]. Conversely, in a study on 152 patients with alcohol
dependence, 23% showed evidence of ADHD [Ohlmeier et al.,
2008]. Although there is ample evidence for a genetic contribution
(i.e., heritability) to both ADHD [Faraone et al., 2005; Larsson et al.,
2013b] and alcohol dependence [Hopfer et al., 2003; Agrawal and
Lynskey, 2008], less is known about the genetic and environmental
contribution to the overlap between the two phenotypes.

Previous family and twin studies have generated conflicting
results regarding the etiologic overlap between ADHD and alcohol
dependence. A family study on young adolescents with ADHD
and their first-degree relatives [Biederman et al., 2008] suggested
independent familial transmission of ADHD and alcohol depen-
dence. In contrast, a recent longitudinal twin study found that the
association between hyperactive/impulsive symptoms in childhood
ADHD and substance use in adolescence was largely due to shared
genetic risk factors [Chang et al., 2011]. Similarly, a study on 1,775
male twins reported shared genetic risk factors for hyperactivity
(not inattention) in adolescence, assessed with retrospective
self-report and alcohol dependence in adulthood [Edwards and
Kendler, 2012].

Most of the previous family and twins studies have focused on the
overlap between ADHD and alcohol use problems in adolescence.
The only previous twin study on adults reported a statistically
significant genetic overlap between ADHD and problem drinking
[Derks et al., 2014], which suggests that shared genetic risk factors
are also important in adulthood. This study found no evidence for
sex differences in the genetic and environmental contribution to the
overlap between ADHD and alcohol-related problems. The results
of this previous study need to be replicated and further studies
are necessary to explore whether a similar pattern of results emerges
for more serious aspects of problem drinking, such as alcohol
dependence.

The aim of this study is to investigate the relative importance of
genetic, shared environmental, and nonshared environmental fac-
tors in the overlap between adult ADHD and alcohol dependence
using twin analysis and to elucidate possible sex differences in the
role of these factors.

This study is based on data collected in the STAGE (Study of
Twin Adults: Genes and Environment) [Lichtenstein et al., 2006]
from the population-representative Swedish Twin Registry. The
project has been reviewed and approved by the regional
ethics committee of the Karolinska Institutet. A target population
of 42,582 twins born in Sweden between 1959 and 1985 was
invited to participate in the STAGE data collection conducted
in 2005. Participants were given a personal login to the
study’s Website, containing a questionnaire with 1,300 questions
[Furberg et al., 2008]. Nonresponders were approached with
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up to three reminders and offered the choice of a telephone
interview with a trained interviewer using a computer-based
data collection method supplemented with a self-administered
paper questionnaire, instead of the Web questionnaire. A total of
25,321 (59.5%) twins participated, of whom 18,167 (72%) pro-
vided information about ADHD symptoms; 7,281 (40.1%)
were male, mean age was 34.0 years (standard deviation [SD],
7.6 years; range, 19—47 years), and 10,886 (59.9%) were female,
mean age was 33.6 years (SD, 7.6 years; range, 19-47 years). All
participants provided informed consent.

Zygosity was established using standard physical similarity
questions that had previously been validated through genotyping.
A subsample of 200 twin pairs also provided DNA to determine
zygosity [Lichtenstein et al., 2006]. It was not possible to assign
zygosity with certainty to 456 individuals, resulting in a sample of
17,711 twins with known zygosity; 2,667 were monozygotic male
(MZ), 2,209 were dizygotic (DZ) male, 4,223 were MZ female, 3,153
were DZ female, and 5,459 were DZ opposite-sex twins. All 17,711
individuals, 12,291 twin pairs, of which 5,420 were complete pairs,
were included in the analyses.

ADHD symptoms were assessed using the 18 symptom criteria
(nine inattentive and nine hyperactive-impulsive items) in DSM-IV
(American Psychiatric Association, 2000), with a 3-point answer
format (0 =no; 1 =yes, to some extent; and 2 =yes). In the twin
analysis, symptoms were summed up to create a total score for
ADHD symptoms [Larsson et al., 2013a].

For descriptive purposes, DSM-IV ADHD subtypes were defined
using a cut-off at 2.0SD above the mean (i.e., above the 98th
percentile) on the symptom count scales of inattention and
hyperactivity-impulsivity, according to a method suggested by
Barkley and coworkers [Barkley et al., 2002; Friedrichs et al.,
2012]. Specifically, the norm-based primarily inattentive subtype
(IN) was set at 2SD above the mean on the inattention scale, but
below 2SD above the mean on the hyperactive-impulsive
scale. The corresponding criterion for the primarily hyperactive-
impulsive subtype (HI) was 2SD above the mean on the hyperac-
tive-impulsive scale but not on the inattentive scale. The combined
subtype (CO) was set if 2SD above the mean was reached for both
scales. ADHD any was defined if any of the above (IN, HI, or CO)
was positive.

Questions regarding alcohol use disorder were based on SCID I
(Structured Clinical Interview for DSM-IV) (First et al., 1996) with
response alternatives: yes, no, don’t know/don’t wish to answer.
Alcohol dependence was set when at least three of seven criteria
from DSM-IV (American Psychiatric Association, 2000) were
positive: (i) development of tolerance, such as an increased amount
of the substance necessary for the same effect; (ii) symptoms of
withdrawal or avoidance of withdrawal symptoms by means of
continued substance use; (iii) substance consumption for a longer
time or higher amounts than intended; (iv) persistent desire to
control substance use; (v) great amount of time spent on obtaining



416

the desired substance; (vi) decrease in social activity due to the
substance use; and (vii) continued use of the substance despite
proven negative effects.

Each criterion was defined by several questions and was set as
positive if the answer to at least one of the questions was yes. For
example, the criterion tolerance (i) was approached by: “During
this period, did you notice you needed to drink more to get the same
effect?” and “Did you notice being less affected by the same amount
of alcohol during this period?”.

Descriptive statistics were used to characterize the study popula-
tion (Table I). Prevalence odds ratios (OR) and 95% confidence
intervals (CI), as measures of phenotypic association between
ADHD and alcohol dependence, were obtained from age-, sex-,
and socioeconomic status-adjusted mixed effect logistic regres-
sion, accounting for the random effect of twins, using Stata 11.2
(StataCorp LP, College Station, TX). We used the “lincom”
command in Stata to analyze difference between HI, IN, and
CO subtypes and alcohol dependence.

The twin method was used to investigate the relative importance
of genetic and environmental factors. The twin method relies on the
different within-pair similarities between genetically identical MZ
twin pairs who share 100% of their genes and DZ, i.e., fraternal, twin
pairs, who share an average 50% of their segregating alleles. This
information is used to decompose the variance of a phenotype, as
well as the covariance between phenotypes, into additive genetic
(A), shared environmental (C), and nonshared environmental (E)
factors (ACE-model, Neale and Cardon, 1992).

Twin correlations assessing twin similarity for a trait allowed
for an initial examination of the relative contributions of A, C,
and E. In general, MZ correlations higher than DZ correlations
indicate A. DZ correlations higher than half the MZ correlations
suggest C. The extent to which MZ correlations are less than 1
suggests E. Cross-twin cross-trait correlations (CTCT), namely
the correlation between twin 1’s status on trait 1 and the co-
twin’s status on trait 2, were used for an initial examination of the
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relative contributions of A, C, and E to the overlap between
ADHD and alcohol dependence.

To assess appropriateness of the data for ACE twin analyses, we
performed a series of tests whereby we fitted a saturated model
(means and covariance matrices were assumed to be different for
MZ female, MZ male, DZ female, DZ male, DZ female-male, and
DZ male-female pairs) and then constrained the mean, regression,
and (co) variance parameters to be equal across groups to test the
assumptions needed for the ACE twin analyses. This initial assess-
ment of the data revealed that (i) adjustment for age could be done
linearly (a quadratic effect was nonsignificant), but that regression
coefficients differed between males and females and between same-
sex and opposite-sex twin pairs; (ii) means and prevalence could be
assumed to be the same within gender in same-sex pairs but
different in opposite-sex pairs; (iii) covariances within individuals
could be assumed to be the same for all zygosity types and genders;
and (iv) covariances across twins in a pair could be assumed to be
the same across gender, for same-sex MZ and DZ pairs, but
opposite-sex DZ pairs were borderline significantly different com-
pared with same-sex DZ pairs (P = 0.049). This assessment proved
that the data were suitable for ACE twin modeling, and revealed that
sex differences could potentially be present. In subsequent models,
we allowed for these mean/prevalence differences.

We used structural equation modeling to perform maximum
likelihood model-fitting analyses with raw data using OpenMx
[Boker et al., 2011]. This method allows the inclusion of indi-
viduals in the analysis, where information from only one twin in
a pair is available. A bivariate correlated factors model was used
to estimate the additive genetic (r,), shared (rc), and nonshared
(rg) environmental correlations between ADHD and alcohol
dependence. These statistics vary from —1.0 to +1.0 and indicate
the extent to which genetic and environmental influences on one
measure overlap with those on the other. We also calculated the
proportion of the phenotypic overlap between ADHD and alco-
hol dependence explained by A, C, and E. The bivariate corre-
lated factors model was fitted separately for males and females, as
well as collapsed across sex according to the findings in the sex
difference analyses.

Sex, n Age, n
(column % of total number) (column % of total number)
All, n
(column % of total number) Male Female <25 years 26-35 years 36-46 years
Total (n=18,167) 18,167 7,281 10,886 3,478 6,566 8,123
(100.0) (40.08) (59.92) (19.14) (36.14) (44.71)
ADHD (n=18,167)
ADHD any 1,598 (8.80) 637 (8.75) 961 (8.83) 376 (10.81) 608 (9.26) 614 (7.56)
Hyperactive-impulsive 578 (3.18) 229 (3.15) 349 (3.21) 125 (3.59) 211 (3.21) 242 (2.98)
Inattentive 753 (4.14) 298 (4.09) 455 (4.18) 194 (5.58) 286 (4.36) 273 (3.36)
Combined 267 (1.47) 110 (1.51) 157 (1.44) 57 (1.64) 111 (1.69) 99 (1.22)
Alcohol dependence (n=17,734) 1,070 (6.03) 568 (8.01) 502 (4.72) 258 (7.64) 447 (6.97) 365 (4.60)
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Two types of potential sex differences were considered in our
analysis: (i) quantitative sex differences where the magnitude of the
components of A, C, and E was assumed to be different for males
and females and (ii) qualitative sex differences referring to
opposite-sex twin pairs having lower correlation for the A param-
eters than same-sex twin pairs. Three parameters were used to
model qualitative sex differences: two parameters allowing the
overlap of the A parameter in opposite-sex twins to be lower
than for same-sex twins for each of the traits separately, and
one additional parameter allowing the overlap between traits
to be lower between opposite-sex twins than same-sex twins
independently of the other two parameters. These parameters
were bounded between 0 and 1; a value of 1 indicates that oppo-
site-sex twins share the A component to the same extent as same-sex
twins, and a value of 0 indicates that opposite-sex twins share no A
component (i.e., values significantly below 1 support qualitative sex
differences).

The goodness of fit for the different twin models was assessed by a
likelihood ratio Xz test, where submodels were compared with the
full sex difference model, including both quantitative and qualitative
sex differences (for amodelincluding A, C,and E [ACE] and a model
including only A and E [AE] separately). Akaikes Information
Criterion (AIC) was computed (—2 X log likelihood — 2 x degrees
of freedom) and used to assess the overall best-fitting model (in ACE
and AE separately, as well as across all models). Lower AIC values
indicate a better fit of the model to the observed data. To assess
whether sex differences were present, we fitted models where
the quantitative and qualitative sex differences in each trait were
dropped individually and tested whether the model fitted the data
worse. We further fitted models where the quantitative and qualita-
tive sex differences in the covariation between the traits were
dropped separately. In a final model (for ACE and AE separately),
we chose to include the sex differences where a likelihood ratio test
against the full sex differences model showed a significantly worse fit
when excluded (in ACE and AE separately).

Descriptive statistics of the study population are shown in Table I.
ADHD was observed in 1,598 participants (8.8%) and the distri-
bution was similar in males and females (P=0.85). ADHD was
significantly more common in the younger age group (<25 years).
Alcohol dependence was present in 1,070 participants (6.0%), with
asignificantly higher prevalence in men 8.01% (n = 568) compared
with women 4.72% (n=502) (P < 0.001).

We found a strong phenotypic association between ADHD and
alcohol dependence. Individuals with ADHD had a 3.58-fold (95%
CI, 2.85-4.49) increased risk for alcohol dependence (P < 0.001)
compared with those without ADHD. The OR did not differ
significantly for complete and incomplete twin pairs (P=0.12).
All ADHD subtypes were associated with an increased risk for
alcohol dependence; for HI: OR, 2.52; 95%ClI, 1.75-3.63; for IN:
OR, 3.63; 95%ClI, 2.69—4.91; and for CO: OR, 6.29; 95%CI, 4.01—
9.87). The OR for HI and IN did not differ significantly (P=0.108).
However, the OR for IN and CO (P = 0.035), as well as for HI and
CO, did (P=0.001) differ significantly, with higher OR for the CO
subtype.
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All of the following analyses concern ADHD (any ADHD, not
subtypes) and alcohol dependence. Twin correlations are presented
in Table II. Higher MZ correlations compared with DZ correlations
indicated that A was important for both ADHD and alcohol
dependence. For both phenotypes, MZ correlations were lower
than 1 suggesting E. Higher MZ CTCT compared with correspond-
ing DZ correlations suggested A for the overlap between ADHD and
alcohol dependence (Table II).

To further investigate the genetic and environmental influences,
we first fit an ACE model including all sex differences (ACE in
Table I1I), then models excluding the sex differences one by one
(Table III). The only significantly worse-fitting model was when
qualitative sex differences in ADHD were excluded (Table III;
Xz =4.48, degrees of freedom [df] =1, P=0.034). We then fitted
a model including only the qualitative sex difference in ADHD; the
model did not fit the data worse than the full sex difference model
(Table III; )(2 =5.67,df =10, P=0.842). We then proceeded to fita
full sex difference AE model, which did not fit the data worse than
the full sex difference ACE model (Table III; X2:0.82, df=6,
P=0.992), indicating that the C parameters were negligible. Sex
differences were tested as for the ACE models; the only model fitting
the data significantly worse than the full AE model was the one
where the qualitative sex difference for ADHD was dropped
(TableIII; x2 =8.58,df =1, P=0.003). A final AE model, including
only the qualitative sex difference in ADHD, did not fit the data
worse than the full AE model (Table III; X2 =4.85, df=7,
P=10.678). These results suggest that there were no sex differences
present for the overlap between ADHD and alcohol dependence.
The only sex difference present was a qualitative sex difference in
ADHD. Furthermore, shared environmental effects were found to
be negligible, and the best-fitting model according to the AIC was
the AE model allowing only for qualitative sex differences in ADHD
(Table III).

Estimates from the best-fitting model (Table IV) showed mod-
erate heritability estimates for ADHD and for alcohol dependence;
that is, A factors explained 41% (95%CI, 38—44) of the variation in
ADHD and 57% (95%CI, 27-66%) of the variation in alcohol
dependence. E factors explained the remaining 59% (95%ClI, 56—
62) of the variance for ADHD and 43% (95%CI 34-53) of the
variance for alcohol dependence. Parameter estimates from the full
ACE model and sex-stratified results are also shown for descriptive
purposes.

The bivariate estimates for ADHD and alcohol dependence
(e.g., ra, Ic, and rg) are also shown in Table IV. We observed a
statistically significant genetic correlation between the two pheno-
types (ra=0.33; 95%CI, 0.24-0,42) as well as a significant non-
shared environmental correlation (rg = 0.18; 95%CI, 0.10-0.26). A
explained 64% (95%CI, 47-80) of the covariance between ADHD
and alcohol dependence. E was also significant, whereas the role of C
was small and not statistically significant. Parameter estimates from
the ACE model for females, males, and collapsed generated a similar
pattern of results.

This study explored the association between ADHD and alcohol
dependence in a large population-based sample of Swedish adult
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Correlation Adjusted estimate (CI)"
Phenotypic correlation MZ female 0.25 (0.19, 0.30]
MZ male 0.25 (0.19, 0.31)
DZ female 0.26 (0.20, 0.32)
DZ male 0.24 (0.18, 0.31)
DZ opposite sex 0.23 (0.19, 0.28)
Intraclass correlation, ADHD MZ female 0.43 (0.39, 0.47)
MZ male 0.38 (0.32, 0.44)
DZ female 0.24 (0.18, 0.29)
DZ male 0.15 (0.06, 0.23)
DZ opposite sex 0.12 (0.07, 0.17)
Intraclass correlation, alcohol dependence MZ female 0.64 (0.51, 0.74)
MZ male 0.48 (0.29, 0.64)
DZ female 0.34 (0.08, 0.56)
DZ male 0.25 (—0.03, 0.49)
DZ opposite sex 0.23 (0.05, 0.41])
CTCT correlation MZ female 0.17 (0.11, 0.24)
MZ male 0.14 (0.05, 0.22)
DZ female 0.12 (0.03, 0.21)
DZ male 0.06 (—0.04, 0.17)
DZ opposite sex 0.04 (—0.03, 0.11)

Phenotypic correlations between traits (ADHD, alcohol dependence) in the same individual; intraclass correlations within traits between twin pairs.

“Adjusted for age, linear, and quadratic, different for zygosity-gender groups, but symmetric between twin 1 and twin 2 in each group except for opposite-sex twins.

°Means and prevalence are assumed symmetric between twin 1 and twin 2 except for opposite-sex twins. Phenotypic correlation assumed the same in twin 1 and twin 2, CTCT assumed to be the same
between twin 1 and twin 2 as between twin 2 and twin 1.

Fit of model compared to saturated model

Minus 2 X log likelihood Degrees of freedom AIC P-value”
Saturated 56,816.27 34,926 —13,035.73 NA
ACE 56,898.11 35,011 —13,123.89 NA
ACE; no quantitative differences in ADHD 56,900.29 35,014 —13,127.71 0.535
ACE; no quantitative differences in alcohol dependence 56,900.42 35,013 —13,125.58 0.314
ACE; no quantitative differences in overlap 56,899.66 35,014 —13,128.34 0.671
of ADHD and alcohol dependence
ACE; no qualitative differences in ADHD 56,902.58 35,012 —13,121.42 0.034
ACE; no qualitative differences in alcohol dependence 56,898.20 35,012 —13,125.80 0.764
ACE; no qualitative differences in overlap 56,898.14 35,012 —13,125.86 0.867
of ADHD and alcohol dependence
ACE; qualitative differences for ADHD, otherwise no difference 56,903.78 35,021 —13,138.22 0.842
AE 56,898.93 35,017 —13,135.07 NA
AE; no quantitative differences in ADHD 56,900.51 35,019 —13,137.49 0.452
AE; no quantitative differences in alcohol dependence 56,901.18 35,018 —13,134.82 0.133
AE; no quantitative differences in overlap 56,899.67 35,019 —13,138.33 0.691
of ADHD and alcohol dependence
AE; no qualitative differences in ADHD 56,907.51 35,018 —13,128.49 0.0031
AE; no qualitative differences in alcohol dependence 56,899.76 35,018 —13,136.24 0.361
AE; no qualitative differences in overlap 56,899.09 35,018 —13,136.91 0.686
of ADHD and alcohol dependence
AE; qualitative differences for ADHD, otherwise no difference 56,903.78 35,024 —13,144.22 0.678

NA, not applicable.

Lower AIC indicates better fit.

Bold type indicates the best-fitting model within ACE or AE. Bold italic type indicates the best fit of all models (according to AIC).
“Pvalue of likelihood ratio test of model fit against fit of full ACE or AE model.
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twins. We were able to establish a statistically significant genetic
overlap between ADHD and alcohol dependence in adults. Future
studies are needed to further characterize the nature of the shared
genetic factors using both genome-wide association techniques and
neurocognitive approaches. A better understanding of the patho-
physiologic mechanisms underlying the development of alcohol
dependence in ADHD may in turn translate into novel prevention
and treatment targets. Clinically, the genetic overlap highlights the
importance of using a family perspective that acknowledges that
children of adults with alcohol dependence are at higher risk of
ADHD and parents of children with ADHD may be at risk for
developing alcohol dependence.

The main finding of our study is in line with two previous twin
studies supporting a genetic overlap between ADHD and problem
drinking in adults [Derks et al., 2014], as well as between ADHD in
adolescence and alcohol dependence in adulthood [Edwards and
Kendler, 2012]. The limited support for sex differences in the
genetic and environmental overlap is also consistent across the
studies. This indicates that the genetic overlap is robust across
different developmental periods, similar in males and females, and
present for the milder to the more severe alcohol use problems.

Several studies [Young et al., 2000; Kendler et al., 2003; Dick
et al., 2005; Edwards and Kendler, 2012] have found support for
shared genetic risk factors across a broad range of externalizing
disorders, including alcohol dependence, antisocial personality
disorder, and conduct disorder. We were unable to explore
whether the genetic factors for ADHD and alcohol dependence
were shared with other externalizing disorders. However, based
on previous research, we argue that at least part of the genetic
overlap is specific to ADHD and alcohol dependence. For in-
stance, one previous twin study [Edwards and Kendler, 2012]
found that the genetic overlap between hyperactivity and alcohol
dependence remained statistically significant even after control-
ling for other externalizing behaviors, suggesting that impulsive
behaviors that are less destructive/harmful than those manifested
in conduct disorder can be indicative of a genetic risk for adult
alcohol dependence.

Consistent with the previous twin study of ADHD and problem
drinking [Derks et al., 2014], we found that nonshared environ-
ment factors explained the remaining part of the overlap between
ADHD and alcohol dependence, whereas shared environmental
factors were of minimal importance. Future studies exploring
environmental exposures for ADHD and alcohol dependence
may benefit by considering risk factors, such as peer relationships,
low birth weight, and exposure to toxins [Banerjee et al., 2007].
However, the finding that the shared environmental factors were
nonsignificant does not preclude significant shared environmental
factors for alcohol dependence in youths [Knopik et al., 2009] or for
the overlap between other externalizing disorders [Kendler et al.,
2003; Knopik et al., 2009].

Previous studies have produced conflicting evidence about how the
three DSM-IV subtypes of ADHD are associated with alcohol
dependence. The results of our study suggest that all ADHD
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subtypes were associated with increased risk for alcohol depen-
dence, with significantly higher OR for the CO subtype, which may
suggest that the CO subtype represents a severe form of ADHD.
Previous studies have found stronger phenotypic associations with
the HI subtype of ADHD [Elkins et al., 2007; Chang et al., 2011; Lee
et al., 2011; Edwards and Kendler 2012] and with HI symptoms
[Elkins et al., 2007; Ameringer and Leventhal 2013], whereas other
studies have reported a stronger association with the IN subtype of
ADHD |[Friedrichs et al., 2012]. More research is needed to eluci-
date whether DSM subtypes have any clinical relevance in predict-
ing risks for alcohol dependence.

These results should be considered in the context of several lim-
itations. Dropout rates seemed to be due to a general unwillingness
to respond to a lengthy survey [Larsson et al., 2013a]. However,
nonresponders were significantly more often male, had at least one
parent born outside Sweden, and had more often been diagnosed
with a psychiatric disorder and convicted of any type of crime
[Furberg et al., 2008; Friedrichs et al., 2012; Larsson et al., 2013a],
which probably indicate that the most severe cases did not respond
to the questionnaire. This limits generalizations to the more severe
cases of the ADHD spectrum. We compared complete and incom-
plete twin pairs regarding ADHD and alcohol dependence status, as
well as sex, age, and education level, to examine the extent to which
missing values are non-random. No significant difference was
observed regarding ADHD status (P=0.51) and alcohol depen-
dence (P=0.06); however, individuals in complete pair were more
often female (P < 0.001), were slightly younger (mean age: 33.44
compared to 34.26, P < 0.001), and had a higher education level
(P<0.001).

In a previous study, we have shown that our self-rating measure
of ADHD symptoms shows acceptable reliability [Larsson et al.,
2013a], but overlap with clinical diagnosis remains to be investi-
gated. Moderate heritability estimates for ADHD 41% are in line
with twin studies based on self-report epidemiological data, which
do not include childhood onset and functional impairment
[Boomsma et al., 2010], in contrast with clinically diagnosed
ADHD in adults where heritability is higher, around 80% [Larsson
et al., 2013b; Franke et al., 2012].

The prevalence of alcohol dependence in our data was somewhat
lower compared with earlier international studies [Ameringer and
Leventhal, 2013], although it is in line with previous Swedish data
on alcohol use. For instance, in Sweden, serious problem drinking
has been estimated to occur in around 10-15% of men and 3—5% of
women (SOU, 2011:35).

The twin design assumes that the genetic and environmental
factors influence ADHD and alcohol dependence independently of
each other. There is some evidence that genetic and environmental
factors not only exert their influence separately but may also
interact, as for example in a study by [Kiive et al., 2010] who found
that a-2A-adrenoceptor genotype variability and maltreatment in
boys act together to increase the expression of hyperactive and
inattentive symptoms in adolescents. How such possible interac-
tions contribute to the overlap between symptoms of ADHD and
alcohol dependence is unknown. Further studies are necessary to
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elucidate the role of environmental factors and their possible
interplay with genetic factors.

The overlap between ADHD and alcohol dependence in adulthood
was largely explained by shared genetic risk factors; the nonshared
environment also played a significant role in the overlap. This is an
important step toward understanding the underlying nature of the
risk of alcohol dependence in patients with ADHD and suggests that
individuals with ADHD and their family members are important
targets for alcohol prevention and treatment.

Agrawal A, Lynskey MT. 2008. Are there genetic influences on addiction:
Evidence from family adoption and twin studies. Addiction 103:1069—
1081.

American Psychiatric Association. 2000. Diagnostic and Statistical Manual
of Mental Disorders, Fourth edition, DSM-IV-TR. Washington, DC:
American Psychiatric Association. p 943.

Ameringer KJ, Leventhal AM. 2013. Associations between attention deficit
hyperactivity disorder symptom domains and DSM-IV lifetime sub-
stance dependence. Am ] Addict 22:23-32.

Banerjee TD, Middleton F, Faraone SV. 2007. Environmental risk factors
for attention-deficit hyperactivity disorder. Acta Paediatr 96:1269—-1274.

Barkley RA, Fischer M, Smallish L, Fletcher K. 2002. The persistence of
attention-deficit/hyperactivity disorder into young adulthood as a func-
tion of reporting source and definition of disorder. J] Abnorm Child
Psychol 111:279-289.

Biederman J, Petty CR, Wilens TE, Fraire MG, Purcell CA, Mick E,
Monuteaux MC, Faraone SV. 2008. Familial risk analyses of attention
deficit hyperactivity disorder and substance use disorders. Am J Psychia-
try 165:107-115.

Boker S, Neale M, Maes H, Wilde M, Spiegel M, Brick T, Spies J, Estabrook
R, Kenny S, Bates T, et al. 2011. OpenMx: An open source extended
structural equation modeling framework. Psychometrika 76:306-317.

Boomsma DI, Saviouk V, Hottenga JJ, Distel MA, de Moor MH, Vink JM,
2010. Genetic epidemiology of attention deficit hyperactivity disorder
(ADHD index) in adults. PLoS One 5:e10621.

Chang Z, Lichtenstein P, Larsson H. 2011. The effects of childhood ADHD
symptoms on early-onset substance use: A Swedish twin study. ] Abnorm
Child Psychol 40:425-435.

Derks EM, Vink JM, Willemsen G, van den Brink W, Boomsma DI. 2014.
Genetic and environmental influences on the relationship between adult
ADHD symptoms and self-reported problem drinking in 6024 Dutch
twins. Psychol Med 44:2673-2683.

Dick DM, Viken RJ, Kaprio J, Pulkkinen L, Rose RJ. 2005. Understanding
the covariation among childhood externalizing symptoms: Genetic and
environmental influences on conduct disorder, attention deficit hyper-
activity disorder, and oppositional defiant disorder symptoms. ] Abnorm
Child Psychol 33:219-229.

Edwards AC, Kendler KS. 2012. Twin study of the relationship between
adolescent attention-deficit/hyperactivity disorder and adult alcohol
dependence. ] Stud Alcohol Drugs 73:185-194.

Elkins IJ, McGue M, Tacono WG. 2007. Prospective effects of attention-
deficit/hyperactivity disorder, conduct disorder, and sex on adolescent
substance use and abuse. Arch Gen Psychiatry 64:1145-1152.

421

Faraone SV, Perlis RH, Doyle AE, Smoller JW, Goralnick JJ, Holmgren MA,
Sklar P. 2005. Molecular genetics of attention-deficit/hyperactivity dis-
order. Biol Psychiatry 57:1313-1323.

Faraone SV, Wilens TE, Petty C, Antshel K, Spencer T, Biederman J. 2007.
Substance use among ADHD adults: Implications of late onset and
subthreshold diagnoses. Am J Addict 16(Suppl 1):24-32; quiz.

First MB, Gibbon M, Spitzer RL, Williams JBW. 1996. Structured clinical
interview for DSM-IV axis i disorders (SCID-I), clinician version.
Washington DC: American Psychiatric Press.

Franke B, Faraone SV, Asherson P, Buitelaar J, Bau CH, Ramos-QuirogaJA,
Mick E, Grevet EH, Johansson S, Haavik J, Lesch KP, Cormand B, Reif A.
International Multicentre persistent AC (2012). The genetics of attention
deficit/hyperactivity disorder in adults, a review. Mol Psychiatry. 17-
(10):960-987.

Friedrichs B, Igl W, Larsson H, Larsson JO. 2012. Coexisting psychiatric
problems and stressful life events in adults with symptoms of ADHD-a
large Swedish population-based study of twins. J Atten Disord 16:13-22.

Furberg H, Lichtenstein P, Pedersen NL, Thornton L, Bulik CM, Lerman C,
Sullivan PF. 2008. The STAGE cohort: A prospective study of tobacco use
among Swedish twins. Nicotine Tob Res 10:1727-1735.

Hopfer CJ, Crowley TJ, Hewitt JK. 2003. Review of twin and adoption
studies of adolescent substance use. ] Am Acad Child Adolesc Psychiatry
42:710-719.

Kendler KS, Prescott CA, Myers J, Neale MC. 2003. The structure of genetic
and environmental risk factors for common psychiatric and substance
use disorders in men and women. Arch Gen Psychiatry 60:29-937.

Kessler RC, Adler L, Barkley R, Biederman J, Conners CK, Demler O,
Faraone SV, Greenhill LL, Howes M]J, Secnik K, et al. 2006. The
prevalence and correlates of adult ADHD in the United States: Results
from the National Comorbidity Survey Replication. Am ] Psychiatry
163:716-723.

Kiive E, Kurrikoff T, Maestu ], Harro J. 2010. Effect of alpha2A-adreno-
ceptor C-1291G genotype and maltreatment on hyperactivity and inat-
tention in adolescents. Prog Neuropsychopharmacol Biol Psychiatry
34:219-224.

Knopik VS, Heath AC, Bucholz KK, Madden PA, Waldron M. 2009.
Genetic and environmental influences on externalizing behavior and
alcohol problems in adolescence: A female twin study. Pharmacol
Biochem Behav 93:313-321.

Larsson H, Asherson P, Chang Z, Ljung T, Friedrichs B, Larsson JO,
Lichtenstein P. 2013a. Genetic and environmental influences on adult
attention deficit hyperactivity disorder symptoms: Alarge Swedish
population-based study of twins. Psychol Med 43:197-207.

Larsson H, Chang Z, D’Onofrio BM, Lichtenstein P. 2013b. The heritability
of clinically diagnosed attention deficit hyperactivity disorder across the
lifespan. Psychol Med :1-7.

Lee SS, Humphreys KL, Flory K, Liu R, Glass K. 2011. Prospective
association of childhood attention-deficit/hyperactivity ~disorder
(ADHD) and substance use and abuse/dependence: A meta-analytic
review. Clin Psychol Rev 31:328-341.

Lichtenstein P, Sullivan PF, Cnattingius S, Gatz M, Johansson S, Carlstrom
E, Bjork C, Svartengren M, Wolk A, Klareskog L, et al. 2006. The Swedish
Twin Registry in the third millennium: An update. Twin Res Hum Gen
9:875-882.

Molina BS, Pelham WE, Gnagy EM, Thompson AL, Marshal MP. 2007.
Attention-deficit/hyperactivity disorder risk for heavy drinking
and alcohol use disorder is age specific. Alcohol Clin Exp Res 31:643—
654.

Neale MCC, Cardon LR. 1992. Methodology for genetic studies of twins
and families. Dodrecht, Boston, London: Kluwer Academic Publishers.



422

Ohlmeier MD, Peters K, Te Wildt BT, Zedler M, Ziegenbein M, Wiese B,
Emrich HM, Schneider U. 2008. Comorbidity of alcohol and substance
dependence with attention-deficit/hyperactivity disorder (ADHD). Al-
cohol 43:300-304.

SOU 2011:35. 2011. Statens Offentliga Utredningar. Battre insatser vid
missbruk och beroende; Individen, kunskapen och ansvaret. Slutbetén-
kande av Missbruksutredningen, Stockholm. Vol 2: chapter 13. ISBN
978-91-38-23571-3.

Schubiner HT, Milberger A, Lockhart S, Kruger N, Kelley M, Schoener BJ.
2000. Prevalence of attention-deficit/hyperactivity disorder and conduct
disorder among substance abusers. J Clin Psychiatry 61:244-251.

AMERICAN JOURNAL OF MEDICAL GENETICS PART B

van Emmerik-van Oortmerssen K, van de Glind G, van den Brink W, Smit
F, Crunelle CL, Swets M, Schoevers RA. 2012. Prevalence of attention-
deficit hyperactivity disorder in substance use disorder patients: A meta-
analysis and meta-regression analysis. Drug Alcohol Depend 122:11-19.

Wilens TE, Kwon A, Tanguay S, Chase R, Moore H, Faraone SV, Biederman
J. 2005. Characteristics of adults with attention deficit hyperactivity
disorder plus substance use disorder: The role of psychiatric comorbidity.
Am J Addict 14:319-327.

Young SE, Stallings MC, Corley RP, Krauter KS, Hewitt JK. 2000. Genetic
and environmental influences on behavioral disinhibition. Am ] Med
Genet 96:684-695.



