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A nalys es  and R es ults , c ontinued

F igure 3 shows the predicted age effects  for boys  and girls  on the number of 
substances  tried to criterion as  a function of age, along with the mean number of 
substances  tried by age category.  T he regress ion predictions  for girls  and boys  
overlap s ubs tantially, and range from 0 s ubs tances  at age 12 to around 2.5 
substances  by age 22.

P rogram A bs trac t
A primary goal of the C olorado C enter on Antisocial Drug Dependence is  to use 

data from genetically-informative uns elected community s amples  to guide 
s election of phenotypes  prior to genetic analys es  us ing a s elected s ample.   
Hypothes is : Multiple substance dependence measures  that differ in their breadth 
(number of s ubs tances ) and depth (number of dependence s ymptoms  per 
substance) will differ in familial resemblance.  Methods : DS M-IIIR  symptom counts  
of dependence for ten drug classes  collected us ing the C IDI-S AM were combined 
into ten variants  of a multiple substance dependence composite.  Data were 
collected from 2792 adolescents  and young adults  between the ages  of 11 and 26 
in three community samples , cons isting of twins  and their s iblings , adoptees  and 
their s iblings  and matched nonadoptees , and a sample of adolescents  and s iblings  
selected as  controls  to a population of adolescents  in treatment for antisocial drug 
dependence.  E ach measure was  gender- and age-corrected within the combined 
sample. R es ults : All variants  correlated 0.65 or greater, but depth variants  that 
included tobacco and alcohol dependence s ymptoms  s ugges ted the highes t 
genetic contribution to familial res emblance for s iblings .   C onc lus ions :  A 
dependence composite that emphasizes  depth is  a better choice for QT L analys is .

R evis ions  to abs trac t:  We are now us ing DS M-IV  scoring for symptom 
counts  and have increased our sample of adolescents  and young adults  to a total 
of 3676.

Introduc tion
T he C olorado C enter on Antis ocial Drug Dependence is  a  collaboration 

between researchers  at the Univers ity of C olorado at B oulder, and the Univers ity 
of C olorado's  Health S cience C enter in Denver.  C linical probands  at res idential 
treatment facilities  and outpatient clinics  present with high levels  of substance 
dependence acros s  multiple s ubs tances  and high levels  of conduct dis order.  
F amilial resemblance between probands  and their family members  for substance 
dependence and antisocial personality/conduct disorder suggests  the poss ibility of 
an underlying genetic vulnerability.  A primary goal of the collaborative C enter is  to 
use data from genetically-informative unselected community samples  to guide 
selection of phenotypes  prior to genetic analyses  us ing a selected sample.

 C rowley, Mikulich, E hlers , Whitmore, & MacDonald (2001) have demonstrated 
that a s ubs tance dependence meas ure combined acros s  s ubs tances  s trongly 
discriminates  adolescent patients  from community controls .  T he purpose of this  
presentation is  to explore alternate formulations  of a Dependenc e V ulnerability 
meas ure, exploring age and gender effects , and familial res emblance among 
s iblings  in a combined, unselected sample of adolescents  and young adults .

Methods
P artic ipants
     B etween J anuary, 1993 and March 15, 2001, we have conducted 3676 
diagnostic interviews with community-based samples  of twins , full s iblings , and 
adoptive s iblings  recruited without regard to substance use or conduct disorder 
symptoms.  Of these interviews , 1692 (46%) have been with female subjects .  T he 
subjects  ranged in age from 11 through 25 years .  T he firs t sample cons isted of 
2026 twins  and a near-in-age s ibling if available.  T he second sample cons isted of 
720 participants  in the C olorado Adoption P roject (DeF ries , P lomin, & F ulker, 
1994), of whom 295 have been interviewed twice, once as  adolescents , and once 
as  young adults .  T he third sample cons isted of adolescents  and their s iblings  
matched to adolescent probands  in the treatment and outpatient facilities  on the 
bas is  of ethnicity, gender, and age.
Meas ures
      T he C omposite International Diagnostic Interview-S ubstance Abuse Module 
(C IDI-S AM) ques tions  on tobacco,  a lcohol,  and illicit s ubs tances  were 
administered by a trained lay interviewer.  S coring algorithms based on whole life 
s ubs tance us e were us ed to derive the number of Diagnos tic and S tatis tical 
Manual of Mental Disorders-F ourth E dition (DS M-IV ) dependence symptoms for 
each of ten drug clas s es :  tobacco, alcohol,  cannabis ,  s timulants ,  s edatives ,  
cocaine, opioids , phencyclidine (P C P ), hallucinogens , and inhalants .
      T en poss ible variants  of a Dependence V ulnerability measure were created 
from the lifetime symptom counts .  T he variants  were des igned to differ according 
to the substances  excluded (none, tobacco, or tobacco and alcohol), whether the 
number of s ymptoms  was  adjus ted for number of s ubs tances  tried, and the 
threshold  of number of symptoms per substance.

   A nalys es  and R es ults , c ontinued

A nalys es  and R es ults , c ontinued

Dependenc e V ulnerability Meas ures  
Meas ure 1: T he sum of each of seven dependence symptoms across  all ten drug 
classes .
Meas ure 2: T he sum of symptoms across  nine drug classes , excluding tobacco.
Meas ure 3: T he sum of symptoms across  eight drug classes , excluding tobacco 
and alcohol.
Meas ure 4: T he average number of symptoms for each substance tried to 
criterion (nearly daily use for tobacco, s ix times  or more for alcohol, five times  or 
more for others ).
Meas ure 5: T he average number of symptoms for each substance tried to 
criterion excluding tobacco. 
Meas ure 6: T he average number of symptoms for each substance tried to 
criterion excluding tobacco and alcohol.
Meas ure 7: T he number of symptoms for cannabis  only.
Meas ure 8: T he number of substance classes  with at least one dependence 
symptom, excluding tobacco.
Meas ure 9: T he number of substances  with at least three dependence symptoms, 
excluding tobacco.
Meas ure 10: T he number of different symptoms found for at least one substance, 
excluding tobacco.

A nalys es  and R es ults
T he distribution of the combined samples  by sex across  the age range is  shown 

in the following figure.  Nine subjects  younger than 11.5 and 42 subjects  between 
22.5 and 26 have been folded into the age 12 and age 22 age categories , 
respectively.  P roportions  of males  and females  are approximately equal across  
the age range, and all age categories  except age 20 show at least 100 subjects .

    T he proportion of total symptoms by substance across  the age range is  shown 
in F igure 2.  Data for age 12 is  not shown because only one subject reported a 
s ingle dependence s ymptom (for alcohol) in this  age category.   F or age 
categories  13 to 22, the symptoms reported are roughly one-quarter from alcohol, 
one-third from tobacco,  and the remainder from cannabis  and other illicit 

T able 1 s hows  the variance in each of the ten Dependence V ulnerability 
measures  attributable to sex, and age within sex.  Although the sex effect is  
s ignificant for each measure at least at the p < .05 level, the variance in the 
measures  attributable to sex is  relatively small (less  than 0.5% for all measures).  
In contrast, age is  a powerful predictor within each gender, with between 5% and 
19% of the variance predictable by combined linear, quadratic, and cubic age. 

  
Ten versions of  DEPENDENCE VULNERABILITY 
phenotype using DSM-IV dependence symptoms across 
substances 

  
Variance 
% for sex 

  
Females: 
Variance 
% for age 

  
 Males: 
Variance 
% for age   

1. Number symptoms, all drugs including alc & tobacco  
  
 0.1 %  

  
11.7%  

  
12.9%   

2. Number symptoms, all drugs plus alcohol 
  
 0.3% 

  
  8.8% 

  
10.3%   

3. Number symptoms, all drugs excluding alc & tobacco 
  
 0.1% 

  
  5.3%  

  
  6.0%   

4. Average symptoms, all drugs including alc & tobacco 
  
 0.2% 

  
15.2% 

  
18.4%   

5. Average symptoms, all drugs plus alcohol 
  
 0.4% 

  
12.2% 

  
15.5%   

6. Average symptoms, all drugs excluding alc & tobacco 
  
 0.1% 

  
  6.1% 

  
  7.1%   

7. Marijuana: Sum of Symptoms 1-7 
  
 0.3% 

  
  5.8% 

  
  7.7%   

8. Number of substances with at least 1 symptom 
  
 0.2% 

  
12.0% 

  
17.0%   

9. Number of substances with a dependence diagnosis 
  
 0.2% 

  
  4.8% 

  
  5.8%   

10. Number of symptoms found for at least one drug 
  
 0.3% 

  
13.0% 

  
17.6% 

 
 
 

Table 1: Variance explained in each of ten variants of DEPENDENCE VULNERABILITY 
by sex, and by age (linear, quadratic, and cubic effects) within sex.

  
 
Ten versions of DEPENDENCE VULNERABILITY  

  
MZ 
Twin 
 
(322) 

  
DZ 
Twin 
 
(294) 

  
Cntrl
Sibs  
 
(475) 

  
CAP 
Biol. 
Sibs 
(162) 

  
CAP 
Adop. 
Sibs 
(143)   

1. Number symptoms, all drugs including alc & tobacco  
  
0.78 

  
0.60 

  
0.33 

  
0.37 

  
0.26   

2. Number symptoms, all drugs plus alcohol 
  
0.74 

  
0.64 

  
0.34 

  
0.27 

  
0.19   

3. Number symptoms, all drugs excluding alc & tobacco 
  
0.69 

  
0.80 

  
0.38 

  
0.28 

  
0.23   

4. Average symptoms, all drugs including alc & tobacco 
  
0.67 

  
0.43 

  
0.26 

  
0.33 

  
0.16   

5. Average symptoms, all drugs plus alcohol 
  
0.65 

  
0.48 

  
0.26 

  
0.26 

  
0.19   

6. Average symptoms, all drugs excluding alc & tobacco 
  
0.63 

  
0.73 

  
0.33 

  
0.28 

  
0.24   

7. Marijuana: Sum of Symptoms 1-7 
  
0.62 

  
0.73 

  
0.34 

  
0.29 

  
0.25   

8. Number of substances with at least 1 symptom 
  
0.66 

  
0.51 

  
0.34 

  
0.33 

  
0.16   

9. Number of substances with a dependence diagnosis 
  
0.76 

  
0.81 

  
0.28 

  
0.16 

  
0.25   

10. Number of symptoms found for at least one drug 
  
0.67 

  
0.56 

  
0.32 

  
0.30 

  
0.18   

       Average age difference in years when tested 
  
0.00  

  
0.01 

  
3.65 

  
1.25 

  
1.77 

 

C onc lus ions
	 	 	 S ubs tantial overlap exis ts  between all thes e Dependenc e V ulnerability  
measures , as  indicated by the high and s ignificant correlations  between both the 
uncorrected and corrected measures .  
	 	 	 	 G ender is  a relatively trivial,  though s ignificant, predictor for individual variation 
in the Dependenc e V ulnera bil ity  meas ures ,  but age contributes  both 
s ignificantly and substantially to individual variation.  Age differences  alone can 
contribute substantially to individual variation and need to be accounted for prior to 
estimating familial resemblance.
	 	 	 	 	F amilial resemblance estimates  from twins , full biological s iblings , and adoptive 
s iblings  s ugges t that there are s ubs tantial familial effects  that are s hared by 
s iblings  regardless  of degree of biological relatedness .  However, certain of the 
Dependenc e V ulnerability  meas ures  do s ugges t pos s ible genetic effects ,  
among them vers ions  4 and 5 which adjust the total number of dependence 
symptoms for the number of substances  tried to criterion (which may be more a 
function of non-genetic s hared s ibling effects ),  and vers ion 8,  which s ums  
substances  for which involvement is  more than trivial.
	 	 	C onclus ions  about poss ible genetic contributions  to Dependenc e V ulnerability 
based on non-clinical samples  are only suggestive.  T he choice of a particular 
measure must be supported by evidence from clinical probands  and their s iblings  
as  well.
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	 	 	 	 T able 3 shows familial resemblances  for MZ twin pairs , DZ twin pairs , full 
s iblings  from the sample matched to treatment probands , and full and adoptive 
(biologically-unrelated) s iblings  from the C olorado Adoption P roject for each of the 
ten Dependence V ulnerability measures , along with the average age difference in 
tes t ages  when the s iblings  were tes ted.   E vidence for a pos s ible genetic 
contribution to the meas ure comes  from differences  between MZ twin pairs  
(genetically identical by descent) and DZ twin pairs  (no more alike genetically than 
other full s iblings), and by differences  between full s iblings  and adoptive s ibling 
correlations .  Adoptive s ibling correlations  provide a direct estimate of the extent to 
which non-genetic shared familial effects  contribute to s ibling resemblance for 
these measures .

Table 3: Familial resemblance for ten DEPENDENCE VULNERABILITY measures 
(Using gender- and age-adjusted, normalized scores)

   Of the ten variants  of Dependenc e V ulnerability, four show the des irable 
characteris tics  for further genetic analyses  of a greater MZ twin pair correlation 
than the DZ twin pair correlation, relatively cons is tent full s ibling correlations  
across  samples , and low adoptive s ibling correlations  relative to those for the full 
biological s iblings .  T hese are the four italicized vers ions  in T able 3.  In contrast, 
other meas ures ,  particularly Meas ure 7 cons is ting s olely of dependence 
symptoms for marijuana, show little or no indication of genetic influences  affecting 
s ibling resemblance.

C rowley, T . J . ,  Mikulich, S . K .,  E hlers , K .M., Whitmore, E . A., & Macdonald, M.J . 
(2001). V alidity of s tructured clinical evaluations  in adolescents  with conduct 
and substance problems.  J ournal of the A meric an A c ademy of C hild 
and A doles c ent P s yc hiatry, 40: 3, 265-273.
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	 	 	 	 T able 2 shows the intercorrelations  among the ten Dependence V ulnerability 
measures  both in their uncorrected form, and after correcting for the sex and age 
effects  within sex.  B ecause res iduals  after correction are s till highly skewed, an 
additional rank-normalization trans formation was  performed.  B oth the 
uncorrected (below the diagonal) and corrected (above the diagonal) 
intercorrelations  are high and s ignificant, ranging from a low of 0.59 to a high of 
0.97.

	 	 	 	F igure 4 shows the corresponding data for one of the Dependence V ulnerability 
meas ures , the average dependence acros s  ten s ubs tance clas s es  (including 
tobacco & alcohol).  J ust as  the number of substances  tried to criterion increased 
over this  age range, the number of dependence s ymptoms  adjus ted for the 
number of substances  tried increases , from a low of 0 at age 12 to approximately 
1 by age 22.   E ven in these samples  unselected for substance dependence, 
subjects  show some dependence symptoms by early adulthood for the substances  
they have tried to criterion.

Table 2: Correlations among the ten DEPENDENCE VULNERABILITY  measures 
(uncorrected scores below the diagonal; gender- and age-adjusted, normalized scores above 
diagonal) for 3674 unselected 11-25 year olds. 
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