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Abstract
Background—Previous reports in adults have suggested that the effects experienced after
cannabis use can be described in terms of positive and negative subtypes that are heritable and are
associated with abuse and dependence. This study extends existing research by inclusion of
adolescents and young adults in an offspring of twins design which makes it possible to take into
account genetic and environmental risks for substance use disorder.

Methods—Data were collected from 725 twin members of the Vietnam Era Twin Registry, 839
of their 12–32 year old biological offspring and 427 mothers. Offspring who had ever used
cannabis (n = 464) were asked the degree to which they typically experienced 13 subjective effects
shortly after using cannabis. Latent class analysis (LCA) was used to derive subjective effect
classes and logistic regression models were computed to test associations between subjective
effect class and heavy cannabis use, abuse and dependence after adjusting for familial risk and
psychopathology and sociodemographics.

Results—The best fitting LCA model included 4 classes of responders which were characterized
as ‘high responders’ (39%), ‘positive responders’ (28%), ‘mixed/relaxed’ (22%), and ‘low
responders’ (11%). Compared to low responders, members of other classes were heavier users
(OR range 3.0–11.8). Compared to mixed/relaxed responders and positive responders, high
responders were more likely to have cannabis abuse and dependence.

Conclusions—Subjective reactions to cannabis use are associated with use to heavy use, abuse
and dependence in adolescents and young adults. This association exists above and beyond the
genetic vulnerability for problem cannabis use.
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1. Introduction
Subjective responses to drugs have been shown to predict later heavy use and abuse. The
majority of research in this field has focused on responses to alcohol and nicotine. There are
considerable data suggesting that lower response to alcohol is correlated with familial risk
and is predictive of long-term heavy drinking patterns and problem use (Schuckit et al.,
1996, 2006). In contrast, meta-analyses of acute subjective reactions to nicotine intake
support the hypothesis that the nicotine high may be the re-enforcing effect that partly
explains continued smoking (Kalman and Smith, 2005). As compared to the abundant
number of controlled experiments of subjective reactions to nicotine and alcohol, less is
known about short-term subjective responses to cannabis in adolescent and young adults and
their association with use and abuse/dependence.

In a comprehensive review, Iversen (2003) notes that the association of cannabis
dependence and schizophrenic traits may be due to very extreme reactions to cannabis
following ingestion of large amounts of the drug. This can result in auditory hallucinations,
delusional thoughts, changed perception and blunted emotion. Yet it is unlikely that heavy
cannabis use and risk of abuse and dependence are consequences of such marked reactions
to cannabis. More likely, the rewarding effects of cannabis, such as euphoria, may explain
continued use and progression to problem use, abuse and dependence. Rewarding properties
may also partly explain the association between cannabis dependence and affective disorders
in the rubric of self-medication (Iversen, 2003). In population based cohorts, increased risk
of dependence has been associated with self-reported positive effects of cannabis use
(Fergusson et al., 2003; Lyons et al., 1997). In a factor analysis of data from adult Vietnam
Era Twin Registry (VETR) male twins, Lyons et al. (1997) derived a positive and a negative
subjective effect factor. The positive factor was associated with longer duration of use, and
the negative factor was correlated with shorter duration and lower frequency of cannabis
use. Lyons also reported that these subjective effect factors were heritable in that 25% of the
variance for each factor was due to genetic factors. We have recently reported results of a
latent class analysis (LCA) of subjective responses to cannabis in the same sample of adult
twins from the VETR (Grant et al., 2005), which indicated that both the negative and
positive subjective effects were associated with cannabis abuse and dependence (Grant et
al., 2005). While we identified classes of low and high responsiveness, our LCA results
suggested that among twins who used cannabis five or more times, all had some level of
subjective response to the drug. However, only twins using cannabis more than 5 times were
asked about subjective effects; twins using less frequently were not queried about the effects
they experienced. Therefore previous studies with the adult members of the VETR may be
biased because twins that used very little cannabis may have done so because of adverse or
negative reactions to the drug.

Though Grant et al. (2005) and Lyons et al. (1997) have provided empirical evidence for an
association between reactions to cannabis and abuse and dependence, this existing literature
was limited by the long recall period between use and reporting on subjective response, and
could have been biased by omission of those who had only experimented with cannabis (i.e.
users who took cannabis 5 or fewer times). The present analysis advances this line of
research by utilizing a novel offspring of twins’ design which allowed us to adjust for the
genetic and environmental contributions to cannabis use disorders. The present study used
data from offspring of VETR twins with and without a history of drug abuse/dependence.
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Our current study had the following objectives: (1) determine if statistically significant and
meaningful classes of subjective effects of cannabis use exist in adolescents and young
adults who have ever used cannabis; (2) test if these classes are associated with the number
of times cannabis was used and with lifetime DSM-IV cannabis abuse and dependence; (3)
test if the associations between classes of subjective effects and cannabis outcomes remain
after adjusting for genetic and family environmental influences, psychopathology and
sociodemographic variables.

2. Methods
2.1. Subjects

2.1.1. Sample description—Participants were offspring of male twins who were
members of the Vietnam Era Twin Registry (VETR). The VETR is a national registry of
male, monozygotic (MZ) and dizygotic (DZ), like-sex twin pairs that served in the military
during the Vietnam Era (1965–1975). Construction of the registry and method of
determining zygosity have been previously reported (Eisen et al., 1987, 1989; Henderson et
al., 1990). Additional information regarding the VETR can be obtained at http://
www.eric.seattle.med.va.gov/vetr/home.html.

Data used to select the families studied in the present project were based on information
reported by the twin fathers in 1987 and 1992. In 1987, a mailed questionnaire sent to the
twins was used to obtain birth dates of their children, and in 1992 the Diagnostic Interview
Schedule (DIS) (Robins et al., 1989) was administered by telephone to the twins to obtain
their history of DSM-III-R drug dependence and other psychiatric diagnoses. In 2002, we
began an offspring of twins study (OOT) focused on understanding genetic and
environmental influences on the intergenerational transmission of illegal drug dependence.
Criteria for selection of the twins into the OOT study included being a member of a twin
pair where (i) both completed the 1987 questionnaire and the 1992 interview, (ii) at least one
member of the pair had a child born between 1973 and 1987, and (iii) either one or both
members of a twin pair met criteria for DSM-III-R lifetime drug dependence based on 1992
interview data, or both members of a pair were controls because neither met criteria for
DSM-III-R lifetime drug dependence based on 1992 interview data.

2.2. Assessments—fathers, mothers, and offspring
Details of the contents of the paternal, maternal and offspring interview have been
previously reported (Duncan et al., 2008; Scherrer et al., 2008). In brief, the 2003–04
telephone interviews with the father included family composition, sociodemographic
information, smoking history and lifetime drinking history and a brief review of their drug
use history. Permission to contact the biological mother of his offspring as well as the
offspring themselves was also obtained during the father interview. The maternal interview,
conducted by telephone in 2003–04, covered her own DSM-IV history of drug abuse/
dependence and other psychiatric disorders via an adapted version of the Semi-Structured
Assessment for the Genetics of Alcoholism (SSAGA) (Bucholz et al., 1994).

The offspring interviews, conducted between 2003 and 2004 were also based on a
modification of the SSAGA (Bucholz et al., 1994 as adapted for use by the Midwest
Alcoholism Research Center), and included demographic and family information as well as
items that operationalized DSM-IV lifetime criteria for alcohol abuse and dependence, drug
abuse and dependence, nicotine dependence, major depression, conduct disorder,
generalized anxiety disorder, panic disorder, and social phobia.
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Experienced staff from the Institute for Survey Research (ISR) at Temple University
conducted data collection in 1987, 1992 and 2003–04. Interviewers were blind to subjects’
family history of substance use and gave equal effort to recruitment of all respondents. All
participants gave verbal consent prior to being interviewed, as approved by the Institutional
Review Board at the participating universities and the Seattle VA where the VETR is
maintained. In addition, at least one parent provided written consent for their minor
offspring to be interviewed.

2.2.1. Subjective effects to cannabis—As part of our survey on illegal substance use,
subjective effects of cannabis were asked of all offspring who reported using cannabis one
or more times. The subjective effect questions were based on items in the 1992 interview
that were previously found to be useful in identifying subtypes of cannabis users in the twin
fathers (Grant et al., 2005). For the present study, these items were improved by asking how
the drug typically made them feel shortly after using cannabis as compared to whether the
effect ever happened shortly after using the drug. The following 13 subjective effects were
queried: (1) depressed/uninterested in things, (2) paranoid, (3) confused, (4) unable to
concentrate, (5) so keyed up/overactive that it bothered you, (6) lazy, (7) drowsy, (8)
energetic/ alert, (9) overconfident, (10) feeling very good/on top of the world, (11) creative/
insightful; (12) sociable, and (13) relaxed/mellow/peaceful. The response to questions
included ‘Almost Always, Quite a bit, A little and Not at all’. Because the response
distribution was highly skewed, the responses were dichotomized, with: “almost always”,
“quite a bit”, “a little” constituting one level and “not at all” the other.

2.3. Response rates and non-response bias
A total of 527 twin pairs were targeted for the study. After removing deceased individuals
and those who had withdrawn from the Registry, the VETR released 455 pairs to the study
(910 individuals). 15 of the 910 fathers targeted for data collection were incarcerated, too ill
to participate or deceased. Eighty-one percent (n = 725) of the remaining 895 twins were
interviewed. In the paternal interview, permission was obtained to contact the biological
mother of his offspring as well as the offspring themselves. Of the 604 mothers identified,
444 completed the eligibility screen and 427 mothers (71%) were interviewed. Mothers did
not have to be interviewed in order to recruit offspring, and only mothers who participated
in rearing the offspring were included in the present analyses. Fathers gave consent to
contact 950 offspring of whom 839 (88%) were interviewed. Of the 839 offspring
interviewed, maternal interview data were available for 668 offspring (80%).

Analyses of non-response bias have been previously reported in detail (Duncan et al., 2008;
Scherrer et al., 2008). Briefly, fathers with less than a high school education were
significantly (p < 0.001) less likely to respond (56.4%) compared to those with only a high
school education (69.8%) or more than a high school education (80.2%).We observed a
significantly higher response rate (p < 0.05) for fathers with a history of any illicit drug
dependence (79.1%) compared to those without such a history (73.6%). Mothers not
currently married to the biological father and offspring whose fathers were not currently
married to their biological mothers were significantly (p < 0.001) less likely to respond. In
addition, women who were married to a twin father of an ethnic minority were also less
likely to be interviewed (p < 0.001).

2.4. Data analysis
2.4.1. Latent class analysis (LCA)—LCA (McCutcheon, 1987) is a statistical method
for finding mutually exclusive subsets (latent classes) of subjects based on their responses to
a set of categorical or indicator items. In this sense, LCA may be thought of as a parametric
clustering and data reduction technique. The underlying assumption is that the observed
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association among the indicators is due to an unobserved latent variable with a finite number
of mutually exclusive classes. Parameters produced in an LCA model include the prevalence
of each latent class, i.e. the probability that a randomly chosen individual is a member of a
given class, and probabilities of endorsing individual items (item endorsement probabilities,
or IEPs), given membership in a class. In the present analyses, subjects were assigned to the
class with the highest posterior probability of membership based on their symptom profile.
We used the Bayesian information criterion (BIC) to determine the best fitting model.
Because LCA models are not nested within each other, parsimony indices such as the BIC
are generally the preferred method for comparison of different models (Li and Nyholt,
2001). Models were computed using Latent Gold v.4.0 (Vermont and Magidson, 2005).

2.4.2. Regression analyses
2.4.2.1. Outcome variables: The outcome variable in these analyses was latent class
assignment based on the patterns of reported subjective effects.

2.4.2.2. Predictor variables
2.4.2.2.1. The 4-group paternal risk design variable: The 4-group paternal risk design
variable, which reflected the sample ascertainment strategy based on the father’s and
father’s co-twin’s lifetime drug dependence status, was included in all multivariate analyses,
regardless of its significance. The 4-group design also accounted for degree of familial risk
for cannabis abuse and dependence. Group 1 offspring had fathers with a lifetime diagnosis
of DSM-III-R illicit drug dependence (not limited to cannabis), regardless of zygosity, and
therefore, offspring in Group 1 were at high genetic (HG) risk because of their father’s
history of drug dependence and at high environmental (HE) risk because they experienced
the rearing environment associated with having a drug dependent father (i.e. HG–HE).
Offspring in Group 2 had fathers who were not affected with drug dependence but had
uncles (MZ co-twin of father) with drug dependence. Offspring in Group 3 had fathers
without drug dependence but had uncles (DZ co-twin of father) with drug dependence.
Therefore, offspring in Group 2 were at high genetic risk because they were the progeny of
unaffected MZ twins whose identical co-twins were affected and these twin pairs share
100% of their genes. Offspring in Group 3 were at medium genetic (MG) risk because they
were the progeny of unaffected DZ twins whose fraternal co-twin was affected and these
twin pairs share, on average, 50% of their genes. Both Group 2 and Group 3 offspring were
at low environmental (LE) risk because the offspring were not reared by a father who had a
history of drug dependence. Thus Group 2 offspring were at HG–LE risk and offspring in
Group 3 were at MG–LE risk. Offspring in Group 4 had fathers and uncles who were not
affected with drug dependence. Therefore, these offspring were at low genetic (LG) and low
environmental risk (LG–LE). This paternal 4-group design controlled for familial
vulnerability previously found for cannabis abuse/dependence in the offspring cohort
(Scherrer et al., 2008) and accounted for the sampling design.

2.4.2.2.2. Offspring cannabis use, abuse and dependence: In addition, offspring’s
heaviness of cannabis use, and DSM-IV cannabis abuse and dependence diagnoses were
included as predictor variables in multinomial logistic regression analyses. The inclusion of
these variables allowed for the assessment of whether heaviness of use and/or problem use
was associated with subjective effect profiles after adjustment for familial risk.

2.4.2.3. Covariates: Covariates were selected based on previous associations with cannabis
use, abuse and dependence found in the literature and was retained in models if they were
significantly associated with classes of subjective effects according to chi-square tests of
association. Offspring covariates included age, gender, race, and paternal household income;
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conduct disorder, major depression, nicotine dependence, alcohol abuse, alcohol dependence
and use of any illicit drug other than marijuana.

Maternal self-reported DSM-IV cannabis abuse/dependence was also included in the
analyses to account for the genetic and environmental contribution from mothers to
offspring cannabis use, abuse and dependence. In addition a dummy variable reflecting
whether or not the mother was interviewed was included in the models to adjust for potential
maternal non-response bias.

We computed multinomial regression models to test for an association between latent class
and use, abuse and dependence of cannabis while adjusting for the genetic and
environmental influences on cannabis use outcomes as well as for covariates that were
significantly associated with the classes of subjective effects by chi-square tests of
association adjusted for clustered data. When testing for associations between subjective
effect class and heaviness of cannabis use the reference group was Class 4 (low responders).
Because there were no cannabis dependent subjects in Class 4, we modeled the association
between subjective effects and cannabis abuse and dependence in Classes 1 (high
responders) and 2 (positive responders), using Class 3 (mixed/relaxed) as the reference
group.

3. Results
LCA indicated that a 4-class solution gave the best fit to the data, based on the smallest BIC
value (6158.66) and greatest decrease in BIC value from the 1-class solution (ΔBIC =
−719.7). Item endorsement probabilities from the 4-class solution are shown in Fig. 1 for
each class. To aid in interpretation of the LCA, we used an endorsement probability of 0.50
or greater as a guide in determining which subjective effects characterized each class. As
shown in Fig. 1, the symptom profiles provided evidence for both a severity dimension and
qualitative distinctions (suggested by non-parallel profiles).

Members of Class 1 were characterized by high endorsement (>0.50) of 11 out of 13
subjective effects (Fig. 1). In contrast, subjects in Class 4 had very low endorsements for
most subjective effects, with moderate endorsement of feeling relaxed, lazy and drowsy
(0.33–0.47). Thus, Class 1 was labeled high responders and Class 4 low responders. Classes
2 and 3 differed on degree and type of subjective effect. Class 2 subjects had high item
endorsements for the following subjective effects: feeling very good/on top of the world
(0.82), creative/insightful (0.66), sociable (0.96), relaxed/mellow/peaceful, (0.99), lazy
(0.73), drowsy (0.67) and energetic/alert (0.56), thereby indicating a positive subjective
effect profile. Class 3 subjects reported higher endorsements for lazy (0.94), drowsy (0.94),
and relaxed/peaceful/mellow (0.93), as well as high endorsements of the negative responses
paranoid (0.54), confused (0.50) and unable to concentrate (0.79). Therefore, Class 2 was
labeled positive responders and Class 3 as mixed/relaxed.

Associations between latent class assignment and offspring characteristics are shown in
Table 1. Among sociodemographic variables, only male gender was associated with
subjective response as evidenced by a lower prevalence of males in Mixed/Relaxed and Low
Responder classes as compared to High and Positive Responder classes (p < 0.001). Though
not statistically significant, the prevalence of conduct disorder, major depression, and
alcohol dependence was highest in offspring who were members of the High Responder
class, medium in the members of the Positive and Mixed/Relaxed Responder classes and
lowest in the Low Responder class. The prevalence of anxiety disorders was low across all
classes. Non-cannabis illegal drug use, heaviness of cannabis use, and DSM-IV cannabis
abuse and dependence were all significantly associated with subjective response class (p <
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0.0001), where the prevalence was highest in the members of the High Responder class,
medium in the members of the Positive and Mixed/Relaxed Responder classes and lowest in
the Low Responder class. Members of the High Responder class reported the greatest
frequency of cannabis use (62% used more than 40 times), while members of the Low
Responder class used infrequently (72% had used less than 6 times). In contrast to these
classes, both Positive Responders and Mixed/Relaxed Responders were relatively equally
distributed across lifetime levels of cannabis use.

Results of multinomial regression models computed to test for associations between
heaviness of cannabis use and subjective effect classes are shown in Table 2. As compared
to members of the Low Responder class (Class 4), there was a trend for members of the
High Responder class to be younger (OR = 0.93; 95%CI: 0.85–1.01). Offspring in the High
Responder (OR = 2.30; 95%CI: 1.10–4.81) and Positive Responder (OR = 2.28; 95%CI:
1.05–4.98) classes were significantly more likely to be male. The High, Positive and Mixed/
Relaxed Responder classes were all significantly more likely than the Low Responders to
have used cannabis 6–40 times (OR range 6.99–10.71), or 41 or more times (OR range
3.02–11.78). In addition, post hoc contrasts indicated that the odds of using cannabis 41 or
more times were significantly greater among High as compared to Positive and Mixed/
Relaxed Responders (p < 0.05).

Results of the multinomial regression model computed for the High, Positive, and Mixed/
Relaxed Responder classes only to test the association between cannabis abuse, cannabis
dependence and class assignment, are shown in Table 3. The Low Responder class was not
included in this model because of the low prevalence of DSM-IV cannabis diagnosis: none
of those in the Low Responder class met DSM-IV cannabis dependence criteria, and only
one had DSM-IV cannabis abuse. Thus, models were run only among the other 3 classes,
using as the reference group the Mixed/Relaxed Responder class. High and Positive
Responders were significantly more likely to be male than the Mixed/Relaxed Responders
(OR = 2.08, 95%CI: 1.24–3.48 and OR= 2.03, 95%CI: 1.17–3.50, respectively). In addition,
High Responders had significantly higher rates of DSM-IV cannabis abuse and DSM-IV
cannabis dependence than either the Mixed/Relaxed Responders or the Positive Responders.

4. Discussion
In an offspring of drug dependent twin design, we used latent class analysis to characterize
patterns of subjective responses to cannabis use in 464 adolescent and young adult offspring
who had ever used cannabis. We identified 4 latent classes that best characterized
offspring’s typical response to cannabis. Based on item endorsement probabilities, we
categorized offspring into High (39% of ever users), Positive (28%), Mixed/Relaxed (22%)
and Low Responders (11%). High responders had large endorsement probabilities for 11 of
13 subjective effects including positive (e.g. feeling very good/on top of the world) and
negative response (e.g. paranoid) reactions. Positive Responders had very high endorsement
of positive effects (relaxed/mellow/peaceful, sociable), with low endorsement of negative
reactions, and differed from mixed/relaxed responders in that the latter group had high
endorsement of both sedation (e.g. relaxed, lazy, drowsy) and negative subjective effects
such as confusion and paranoia. Low Responders had low item endorsement probabilities on
all 13 subjective effects. Subjective effect classes were also differentiated by the number of
times cannabis was used.

Multinomial logistic regression results suggest members in High, Positive and Mixed/
Relaxed Responder classes were all significantly more likely than the Low Responders to be
heavier cannabis users. Over 60% of the High Responders had used more than 40 times,
roughly 1/3 of Positive and Mixed/Relaxed Responders had used cannabis <6 times, 6–40
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times, and >40 times, and 72% of Low Responders had used cannabis less than 6 times.
High Responders also had significantly larger odds of DSM-IV cannabis abuse and
dependence than either the Mixed/Relaxed Responders or the Positive Responders. Thus
exposure to cannabis may account for some of the characteristics of High and Low
Responders, but appears unlikely to explain differences in subjective response patterns of
Positive and Mixed/Relaxed users.

Class assignment was not associated with familial risk for illicit drug abuse and dependence
in univariate analyses. However this does not rule out that there is common genetic
vulnerability to response to cannabis and abuse/dependence. Indeed,Lyons et al. (1997)
estimated 25% of the variance in positive and negative subjective effects to cannabis in
VETR twins (i.e. the source of fathers of the current offspring study) was due to genetic
factors. Individual differences in the distribution of cannabis receptors may be the
mechanism for variation in subjective effects. Zuurman et al.’s (2009) recent review of the
literature suggests the mechanisms underlying subjective effects may be associated with two
cannabis receptors (CB1 and CB2). Because the class profiles in the present study are
similar to those previously found in the twin fathers (Grant et al., 2005), these classes may
be useful biomarkers and endophenotypes. Subjective effect profiles could be used as
biomarkers when studying the pharmacological benefit of cannabis and profiles could be
used as endophenotypes to refine our ability to link the underlying mechanisms of cannabis
dependence with specific genes.

Because alcohol dependence and other illicit drug use were associated with membership in
the High Responder class, we speculate that this is evidence for a general liability to respond
to substances. In our earlier work (Grant et al., 2005) we found cannabis dependence and
cocaine dependence were strongly associated with high reactivity to both substances. Taken
together, the present and past results indicate a liability for drug abuse and dependence that
may be associated with an overall high subjective response. However we are unable to
conclude the temporal direction of this effect and the association may be explained by
common genetic vulnerability as previously discussed.

Our observation of a higher proportion of males in the High and Positive Responder classes
suggests that there might be gender differences in reactivity. Animal studies suggest greater
reactivity in females as compared to males after exposure to cannabinoids characterized by
greater hypothermia, increased motor activity and higher pain tolerance in female rats as
compared to male rats (Craft, 2005). However, data from the human studies literature are
inconsistent. There is some evidence that women have a stronger physiological response
after smoking marijuana, as indicated by a greater drop in arterial pressure and more
dizziness, but there are a number of studies suggesting no gender differences when assessing
level of intoxication. If “response” is comparable to “reactivity”, our data would suggest that
men, not women, are more reactive. However, because we did not assess some of the
reactions that were part of the previous research, we are unable to resolve this issue at this
time. The mechanisms underlying gender differences and subjective effects warrant further
research in a controlled laboratory paradigm.

The classes that were derived from the self-reported items are similar to responses to
cannabis that have been reported in controlled laboratory settings (Hart et al., 2002). The
present results are consistent with two previous studies in adult male twins (the fathers of the
offspring in the current study). While cross-sectional data do not resolve temporal
relationships, our current evidence that high responders are more likely to have cannabis
dependence is consistent with Fergusson et al.’s (2003) observation in the longitudinal
Christchurch Health and Development Study that a greater number of positive subjective
effects at ages 14–16 was associated with increased risk of dependence by age 21.
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4.1. Strengths
We have strengthened previous analyses of subjective effects in adult twins in several ways.
By collecting data from a younger cohort with more recent cannabis use we have limited
recall bias. The VETR twins were only asked for their subjective response if they had used
cannabis a minimum of 5 times, thus limiting the range of profiles that could be detected if
initial adverse reactions limited continued cannabis use. The present study did not require a
minimum number of times used as a threshold to query subjective effects. Our data suggest
that the lack of response to cannabis, rather than an aversive reaction, is most closely
associated with less use. Offspring who had only positive responses were not at significantly
greater risk of abuse or dependence and had a similar number of lifetime cannabis exposures
as compared to those who had mixed/relaxed responses (which included negative effects).

4.2. Limitations
The present results should be interpreted in light of several limitations.

First, we did not measure the amount of tetrahydrocannabinol (THC) consumed. Because
some evidence suggests that THC concentrations in cannabis have increased over time in the
U.S. (Newell, 2003), the subjective reactions experienced by this cohort may vary in
unknown ways from those who used cannabis 10–20 years ago. Second, not all offspring in
the current study were past the age of risk for cannabis abuse and dependence. However, we
did not observe differences across subjective effect classes in either age at interview or age
at initiation, which suggests that age is unlikely to bias the associations that we have
reported. In addition, a typical response to cannabis in the present young cohort may not be
typical for much older, middle aged, cohorts who have used cannabis for decades. Because
the sample is predominantly White, with married parents who have relatively high
educational attainment, results may not generalize to non-White populations or offspring of
divorced fathers with lower educational attainment. Missing data from maternal non-
response is a potential limitation, but the association between subjective effect and heaviness
of use, abuse and dependence remained after controlling for missing maternal data. Last, as
with any research, unmeasured variables may contribute to the association between
subjective effects and problem cannabis use.

4.3. Conclusions and public health implications
The subjective response to cannabis has previously been shown to be heritable and may
partly explain why some persons progress beyond occasional use to heavy use, abuse and
dependence (Lyons et al., 1997). We can conclude that cannabis use, abuse and dependence
are associated with the type of subjective response even after adjusting for genetic influence,
environmental factors, sociodemographics and psychiatric covariates. Longitudinal data
currently being collected will help determine if subjective response to cannabis predicts new
onset of abuse and dependence. Such evidence will help resolve the temporal relationships
between subjective effects and use, abuse and dependence and greatly inform where public
health efforts ought to be focused.
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Fig. 1.
Item endorsement probabilities are shown for 13 subjective responses to cannabis among
464 adolescent and young adults who had used cannabis at least one time. Response options
dichotomized into ever (almost always, quite a bit, a little) and never (not at all). Legend
includes number of subjects and percent of total sample by class.
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Table 2

Multinomial logistic regression for the association (OR, 95%CI) between psychiatric disorders and heaviness
of cannabis use and classesa of subjective effects to cannabis among 464 offspring who used cannabis at least
once.

Class 1 (high responder) vs.
Class 4 (low responder)

Class 2 (positive responder)
vs. Class 4 (low responder)

Class 3 (mixed/relaxed) vs.
Class 4 (low responder)

Familial risk

4-Group designb

   Group 1 HG–HE 0.87 (0.30–2.51) 0.78 (0.28–2.18) 0.84 (0.32–2.17)

   Group 2 HE–LE 0.55 (0.13–2.38) 0.67 (0.14–3.17) 0.38 (0.10–1.49)

   Group 3 MG–LE 1.00 (0.21–4.80) 2.09 (0.48–9.13) 1.43 (0.36–5.78)

   Group 4 LG–LE 1.0 1.0 1.0

Maternal cannabis abuse/dependence 0.59 (0.10–3.47) 1.09 (0.19–6.28) 1.22 (0.25–6.04)

Maternal data missing 0.39 (0.16–0.95) 0.58 (0.24–1.40) 0.49 (0.19–1.24)

Sododemographics

Age 0.93 (0.85–1.01) 0.98 (0.90–1.07) 0.97 (0.88–1.06)

Male gender 2.30 (1.10–4.81)a 2.28 (1.05–4.98)a 1.12 (0.54–2.30)b

White 1.26 (0.55–2.90) 0.76 (0.33–1.75) 0.94 (0.41–2.14)

Paternal household income

   ≤20,000 1.84 (0.17–20.20) 3.59 (0.42–30.58) 1.54 (0.15–16.08)

   20,001–100,000 1.0 1.0 1.0

   >100,000 0.52 (0.21–1.33) 0.61 (0.23–1.60) 0.61 (0.23–1.57)

Used illegal drugs other than cannabis 1.67 (0.65–4.33) 0.98 (0.37–2.58) 1.66 (0.64–4.35)

Heaviness of cannabis use

Number of times used cannabis

   <6 times 1.0 1.0 1.0

   6–40 times 10.71 (3.53–32.47) 10.45 (3.44–31.71) 6.99 (2.29–21.31)

   >40 times 11.78 (3.84–36.10)a 5.00 (1.57–15.98)b 3.02 (1.00–9.13)b

a and b—post hoc contrasts: within rows, odds ratios with different letters (a and b) are significantly different, p < 0.05.
The significance is the OR and 95%CI. Readers will use the CI to interpret significance.

a
Class 1—high responder, Class 2—positive responders, Class 3—mixed/relaxed, Class 4—low responder.

b
4-Group design: Group 1—offspring at high genetic (HG) and high environmental (HE) risk because fathers are MZ and DZ twins with DSM-III-

R illicit drug dependence; Group 2—offspring at high genetic (HG) and low environmental (LE) risk because fathers are unaffected MZ twins with
DSM-III-R illicit drug dependent co-twins: Group 3—offspring at medium genetic (MG) and LE risk because fathers are unaffected DZ with
DSM-III-R illicit drug dependent co-twins: Group 4—offspring at low genetic and LE because fathers are unaffected MZ and DZ control pairs.
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Table 3

Multinomial logistic regression for the association (OR, 95%CI) between psychiatric disorders and DSM-IV
cannabis abuse/dependence and three classesa of subjective effects to cannabis among 414 offspring who used
cannabis at least once.

Class 1 (high
responder) vs. Class
3 (mixed/relaxed)

Class 2 (positive
responder) vs. Class
3 (mixed/relaxed)

Familial risk

4-Group designb

   Group 1 HG–HE 0.91 (0.38–2.19) 0.95 (0.42–2.17)

   Group 2 HE–LE 1.37 (0.43–4.41) 1.84 (0.49–6.93)

   Group 3 MG–LE 0.73 (0.24–2.27) 1.53 (0.55–4.28)

   Group 4 LG–LE 1.0 1.0

Maternal cannabis abuse/dependence 0.49 (0.18–1.32) 0.94 (0.37–2.38)

Maternal data missing 0.75 (0.36–1.53) 1.21 (0.60–2.46)

Sociodemographics

Age 0.96 (0.89–1.03) 1.01 (0.95–1.09)

Male gender 2.08 (1.24–3.48) 2.03 (1.17–3.50)

White 1.67 (0.82–3.40) 0.83 (0.45–1.54)

Paternal household income

   ≤20,000 1.80 (0.55–5.90) 2.61 (0.81–8.36)

   20,001–100,000 1.0 1.0

   ≥100,000 0.91 (0.44–1.87) 1.04(0.46–2.38)

Used illegal drugs other than cannabis 1.04 (0.58–1.88) 0.64 (0.34–1.18)

Cannabis use disorder

No diagnosis 1.0 1.0

Abuse 2.05 (1.13–3.73)a 1.03 (0.55–1.92)b

Dependence 37.13 (4.60–299.78)a 5.76 (0.63–52.43)b

a and b—post hoc contrasts: within rows, odds ratios with ditterent letters (a and b) are significantly different, p < 0.01.
The significance is the OR and 95%CI. Readers will use the CI to interpret significance.

a
Class 1—high responder, Class 2—positive responders, Class 3—mixed/relaxed.

b
4-Group design: Group 1—offspring at highgenetic (HG) and high environmental (HE) risk because fathers are MZ and DZ twins with DSM-III-

R illicit drug dependence: Group 2—offspring at high genetic (HG) and low environmental (LE) risk because fathers are unaffected MZ twins with
DSM-III-R illicit drug dependent co-twins: Group 3—offspring at medium genetic (MG) and LE risk because fathers are unaffected DZ with
DSM-III-R illicit drug dependent co-twins: Group 4—offspring at low genetic and LE because fathers are unaffected MZ and DZ control pairs.
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