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Abstract
Aims—To identify and validate homogeneous subtypes of opioid use and related behaviors.

Design—Family-based and case-control genetic studies of opioid and/or cocaine dependence.

Settings—Clinical and general community samples from Connecticut, Massachusetts,
Pennsylvania, and South Carolina.

Participants—4,061 individuals (2,003 individuals from 835 families and 2,058 unrelated
individuals) recruited to participate in genetic studies.

Measurements—The computer-assisted Semi-Structured Assessment for Drug Dependence and
Alcoholism (SSADDA) was used to assess participants’ demographics, medical history, substance
use behaviors, and other psychiatric disorders.

Findings—Five homogeneous subtypes were identified, which differed on opioid-related
measures, demographics, and prevalence rates of co-morbid substance use and psychiatric
disorders. Heritability estimates for the two most severely affected subtypes exceeded 0.60.

Conclusions—An empirical approach based on opioid use and related behaviors can yield
homogeneous subtypes that could be of value in gene finding for opioid dependence.
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INTRODUCTION
According to the 2006 National Survey on Drug Use and Health [1], 15.1% of the US
population aged 12 years or older reported having used an opioid drug at some time in their
lives, 0.8% met criteria for a lifetime opioid use disorder, and 0.4% were treated for an
opioid-related problem in the past year. Although opioid dependence (OD) is highly
heritable [2], few genes contributing to the risk for OD have been identified. Gene finding in
OD is complicated by the fact that it is a complex disorder whose etiology, clinical
presentation, course, and treatment outcome vary widely. Because of this complexity,
homogeneous subtypes of OD may be more useful phenotypes than the DSM-IV diagnosis
of OD and may also help to improve treatments for the disorder [3].

Efforts to define substance dependence (SD) subtypes have employed univariate and
multivariate approaches [4, 5]. To identify cocaine dependence (CD) subtypes, Kranzler et
al. [6] employed a 3-step clustering procedure first described by Lebart, Morineau and
Warwick [7]. This multivariate approach to the use of categorical variables involves data
reduction and both hierarchical and non-hierarchical techniques. Two genome-wide linkage
studies used this approach to identify regions harboring genes for CD [8] and OD [9]
subtypes. We sought to replicate a subtype analysis that employed this procedure to refine
phenotypes in a linkage study of OD [9].

The purpose of this study was to identify homogeneous phenotypes using a wide range of
opioid use behaviors (OUBs) in both affected individuals (i.e., those meeting criteria for
DSM-IV OD) and unaffected ones. We included OUBs that were associated with specific
DSM-IV OD diagnostic criteria and other important clinical features, including route of
opioid administration, age of onset of the heaviest opioid use period, and opioid abuse
treatment history. However, we reserved non-OUB characteristics, which might also
differentiate OD subtypes, such as demographics and co-morbid substance and psychiatric
disorders, to validate the subtypes externally. This empirical subtyping approach rests on
theories that emphasize the multi-faceted nature of substance use and related behaviors
[4,5]. That is, similar to studies of alcohol use behaviors in affected individuals, which have
helped to refine a complex phenotype [10], OUBs may be multi-dimensional. Thus, the
identification of homogeneous groups based on OUBs may help to guide research on the
etiology, prevention, and treatment of OD. Further, with rapid developments in genotyping
methods and the capacity to sequence large numbers of whole genomes, advances in
phenotyping are needed to enhance genotype-phenotype correlation [11].

METHOD
Subject Recruitment

The study sample was an aggregate of individuals recruited to participate in family-based
and case-control genetic studies of OD or CD. Recruitment was conducted at five sites: the
University of Connecticut Health Center (UConn; Farmington, CT), Yale University School
of Medicine (Yale; New Haven, CT), the University of Pennsylvania School of Medicine
(Penn; Philadelphia, PA), McLean Hospital (McLean; Belmont, MA), and the Medical
University of South Carolina (MUSC; Charleston, SC). The protocol and informed consent
forms were approved by the institutional review board at each site, and a Certificate of
Confidentiality was obtained from the National Institute on Drug Abuse.

Families were recruited to include sibling pairs concordant for a lifetime DSM-IV [12]
diagnosis of OD and/or CD. Unrelated individuals with OD and/or CD were recruited as
cases, and control subjects were screened to exclude those with a lifetime DSM-IV
substance use disorder. Subjects with a primary diagnosis of a major psychotic illness were
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excluded. Once a case or family was recruited, we invited all additional siblings and parents
to participate, regardless of affection status. In some families other members (e.g., aunts,
uncles, grandparents) participated and in others only one member of a sibpair completed the
assessments.

This analysis included 4,061 participants (UConn: 1,675; Yale: 1,620; Penn: 285; McLean:
259; and MUSC: 222) with complete OD assessments. Included were 2,003 subjects from
835 families and 2,058 unrelated individuals. Of the families, 96 (11.5%) had ≥ two
members with OD only, 455 (54.5%) had ≥ two members with CD only, 226 (27.1%) had ≥
two members with both OD and CD, and 64 (7.7%) had only 1 member affected by the same
disorder(s). Families from case-control studies included fewer than two participating
members with OD or CD. The sample included 838 probands, 1,074 siblings, 89 parents,
and 28 other family members from the sibling-pair studies and 1,836 cases and 196 controls
from the case-control studies.

Subjects’ mean age was 40.1 years (range 17–79, SD = 9.3) and 46.3% were women. Most
subjects (57.8%) were never married, 28.5% were widowed, separated, or divorced, and
13.8% were married at the time of the interview. Based on self-report, the sample was
48.1% African-American (AA), 33.3% European-American (EA), 10.0% Hispanic, and
8.6% Native American or other. Few subjects (6.1%) had completed only grade school;
37.5% had some high school; 28.8% had completed high school; and 27.5% went beyond
high school.

Assessment Procedures
Interviews were conducted with the Semi-Structured Assessment for Drug Dependence and
Alcoholism (SSADDA), a computer-assisted interview that yields lifetime DSM-IV
diagnoses of Axis I disorders and antisocial personality disorder (ASPD) [13, 14]. The test-
retest and inter-rater reliabilities for SSADDA-derived diagnoses were fair to excellent both
for lifetime SD disorders (κ = 0.94 and κ = 0.91, respectively, for OD and κ = 0.48 – 0.92
for other substance dependence disorders (except sedative dependence due to extremely low
prevalence)) and lifetime psychiatric diagnoses (κ = 0.43 – 0.76) [14]. Table 1 displays the
lifetime prevalence of DSM-IV disorders for the sample as a whole and separately by sex.
More than 80% and 45% of individuals met lifetime criteria for CD and OD, respectively, as
would be expected given the ascertainment on these disorders. Generalized Estimating
Equations (GEE) Wald Type 3 χ2-tests with Bonferroni correction for multiple comparisons
(p < 0.05/16 = 0.0031) showed that men were significantly more likely to receive a
diagnosis of dependence on cocaine, alcohol, opioids, cannabis, and other substances (i.e.,
PCP, hallucinogens, inhalants, solvents, or combinations such as “speedballs”), ASPD, and
compulsive gambling. Women were more likely to receive a diagnosis of MDE, PTSD,
OCD, agoraphobia, and panic disorder.

Measures
The opioid drugs section of the SSADDA contains 23 questions on behaviors related to a
wide range of legal and illicit opioids. Each question contains several key and follow-up
items, yielding 210 variables, the majority of which are categorical. We used 69 key
variables (see Supplementary Tables 1 and 2) to generate homogeneous subgroups. Because
the computerized version of the SSADDA skips out of the opioid section when the
respondent reports never having used an opioid more than 10 times (lifetime), subsequent
items were coded as “Obligate No” or “Obligate Missing.” These response options form
their own categories. There were 313 possible categories for the 69 key categorical
variables.
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Data Analysis
We conducted three analyses. The first analysis used a three-step LMW (Lebart, Morineau,
and Warwich [7]) clustering procedure to identify homogeneous phenotypic groups. Step 1
of this analysis was data reduction, which used multiple correspondence analysis [MCA;
15-19], the counterpart of principal components analysis for categorical data, to treat each of
the 313 categories as a binary variable and reduce them to a lower-dimensional space. The
number of dimensions retained was guided by the Benzécri adjusted cumulative percentage
(i.e., the percentage of variance explained) [20]. The output of MCA was the (continuous)
coordinates of the retained dimensions for each of the 4,061 subjects. Step 2 of the first
analysis was preliminary clustering, in which multiple k-means clustering [21-24]
partitioned the 4,061 subjects into intermediate clusters based on the retained continuous
variables from MCA. Each k-means application started with a different, randomly chosen
seed with k=50 being much larger than the expected number of homogeneous subtypes.
Subjects were iteratively classified into k partitions with respect to the nearest partition
means. These k-means solutions were cross tabulated to identify groups of subjects who
shared OUBs, and these stable groups and all remaining individuals formed the intermediate
cluster solution. Step 3 of the first analysis was the final clustering step, in which
hierarchical clustering [25-28] was used to build a hierarchy of intermediate clusters based
on Ward’s aggregation criterion, yielding a dendrogram and statistics [e.g., cubic clustering
criterion (CCC), R2, pseudo F and pseudo t2], which helped to determine the final number of
clusters [28-31]. Although we chose the number of clusters that were associated with peak
CCC and relatively high R2, pseudo F and low pseudo t2, ultimately, we took the
interpretability of cluster assignment into consideration in determining the final
homogeneous groupings. Finally group characteristics were used to assign labels to the final
set of clusters. GEE Wald Type 3 χ2-tests were used to test whether the resultant groups
differed significantly on 33 variables (demographic characteristics, OUBs, and the
prevalence of substance use and psychiatric disorders), with Bonferroni correction for
multiple comparisons (p < 0.05/33 = 0.0015).

In the second analysis, all participants were assigned scores that were the natural logarithm
of the probabilities of membership in each of the identified clusters. The probabilities were
estimated by stepwise logistic regressions (with α = 5%) of each cluster on all 69 cluster
input variables.

In the third analysis, we estimated the heritability (h2) of each of the homogeneous
subgroups [32], using assigned scores from the 751 multiple-member EA, AA, or Hispanic
families (i.e., a total of 1,801 individuals) with at least two participating members. Sex, age
and race were used as covariates only in this analysis; the preceding analysis did not include
these covariates because although they were important features differentiating the subtypes,
they were not OUBs per se.

We used SAS 9.2 [33] to conduct all analyses, except the heritability estimation, which was
performed using Sequential Oligogenic Linkage Analysis Routines [SOLAR; 34]. Questions
concerning the methods employed should be addressed to the corresponding author (HRK).

RESULTS
Overview of Subtype Analysis Results

In step1 of the first analysis, the MCA reduced the 313 binary dimensions associated with
the 69 opioid-related categorical SSADDA items to 10 continuous dimensions, which
explained more than 99% of the variance. In step 2 of the first analysis, we conducted 10 k-
means analyses based on the 10 MCA continuous output variables. Each k-means analysis
partitioned the 4,061 subjects into 50 mutually exclusive groups. Of the 5010 cells, only 973
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were non-empty. There were 287 stable groups that contained multiple subjects. The largest
stable group included all 1,460 individuals who had never used an opioid. A second stable
group included 220 individuals who first used opioids at age 17-29 but had used them fewer
than 11 times lifetime. A third stable group included 32 individuals who first used opioids
before age 19, had used them daily for a total of over 3,400 times, including by injection.
Step 3 of the first analysis yielded a hierarchy of clusters from 1 to 973. Supplementary
Figure 1 shows the resultant dendrogram with R2. There was no local peak CCC, pseudo F
suggested few clusters, while pseudo t2 suggested that the number of clusters was 3-8. Using
the dendrogram, the statistics, and the interpretability of the subtypes as criteria, we chose a
five-subtype solution. The subtypes, which are shown in Table 2, differed significantly on
age, sex, race, education, and marital status. The mean age was greatest in Group 3 and
lowest in Group 5. Moreover, subjects in Groups 2–5 were comprised, in the majority, of
unmarried, EA men with less education than those in Group 1.

Opioid Use Behaviors and Other Substance Use and Psychiatric Disorders by Group
The five groups differed significantly on lifetime opioid use characteristics, opioid-related
effects, treatment history (Table 3), and lifetime prevalence of most substance use disorders
and panic disorder (Table 4).

Group 1 (Low-level or Non-opioid user) comprised 2,382 individuals (58.7% of the sample)
with an estimated heritability of 0.31 (p < 10−5). Only 38.7% of Group 1 had ever used an
opioid, with a mean age of first use of 24.8 (SD = 8.7) years, which was significantly later
than for Groups 2, 4, and 5 (GEE Wald χ2

(4) = 553.49, p < 0.001). Less than 20% of this
group had a lifetime OD diagnosis. More than 80% of the group did not complete the opioid
drugs section because of inadequate opioid usage and the group was excluded from the χ2

tests in Table 3. Although more than 75% of individuals in Group 1 were diagnosed with
CD, this group had the lowest prevalence of all other SD and psychiatric disorders (except
ASPD).

Group 2 (Moderate Opioid Users) comprised 405 individuals (10.0% of the sample) and had
the second latest age of onset of both any and heaviest opioid use, and the lowest percentage
of daily or almost daily opioid use, intravenous opioid use, any opioid-related effects and
opioid abuse treatment (Table 3). Individuals in Group 2 used opioids only moderately.
During their heaviest periods of opioid use, individuals in Group 2 spent the least on opioids
daily (GEE Wald χ2

(3) = 180.70, p < 0.001; Group 2: mean (SD) = $46.6 (78.6), Group 3 =
$97.1 (107.1), Group 4 = $141.8 (120.5), and Group 5 = $157.5 (163.6)), and they used
opioids on the fewest days per month (GEE wald χ2

(3) = 414.51, p < 0.001; Group 2: mean
(SD) = 17.6 (11.2), Group 3 = 29.1 (3.8), Group 4 = 28.6 (4.8), and Group 5 = 29.4 (3.1)).

Nearly 90% of individuals in Group 2 were diagnosed with CD, but less than 45% had OD
(a significantly lower prevalence than for Groups 3–5). Group 2 endorsed the fewest DSM-
IV OD criteria (GEE Wald χ2

(3) = 1212.46, p < 0.001; Group 2: mean (SD) = 2.0 (2.5),
Group 3 = 6.2 (1.2), Group 4 = 6.5 (1.2), and Group 5 = 6.6 (1.0)), and were least likely to
have nicotine and stimulant dependence, MDE, PTSD, social phobia, agoraphobia, and
panic disorder than Groups 3–5 (Table 4). The heritability of Group 2 membership was 0.40
(p < 10−10).

Group 3 (Heavy, Late-onset Opioid User) included 290 subjects (7.1% of the sample) and
all reported having used opioids daily or almost daily and had lifetime OD, with more than
80% of individuals endorsing the presence of all seven DSM-IV OD criteria. The majority
of Group 3 had used opioids intravenously. Group 3 reported a later onset of any and
heaviest opioid use, but a significantly lower rate of arrests or trouble with the police due to
opioid use than Groups 4 and 5, with the rate of other opioid-related effects similar among
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Groups 3–5. Group 3 had a lower prevalence of cannabis, sedative, and other SD disorders,
ASPD, and PTSD than Groups 4 and 5 (Table 4). The heritability for Group 3 was 0.36 (p <
10−8).

Group 4 (Heavy, Early-onset, Highly Co-morbid Opioid Users) included 296 individuals
(7.3% of the total); nearly all had used opioids daily or almost daily and more than 65% had
used opioids intravenously. Group 4 had a later age of onset of opioid use and a lower
prevalence of intravenous opioid use, but a higher prevalence of all other SD and psychiatric
disorders than individuals in Group 5. Nearly all individuals in Group 4 had lifetime OD,
and a rate of endorsement for each DSM-IV OD criterion > 85%. The heritability of this
group was 0.66 (p < 10−27).

Group 5 (Heavy, Early-onset Opioid Users) included 688 individuals (16.9% of the sample).
Although similar in many respects to Groups 3 and 4, Group 5 reported a significantly
earlier age of onset of any and heaviest opioid use than all other groups and was
significantly more likely to inject opioids intravenously, have a strong desire for opioids,
and be arrested due to opioid use. The prevalence rates for substance use and psychiatric
disorders in Group 5 were intermediate between those of Groups 3 and 4. Each of the DSM-
IV OD criteria was endorsed by > 90% of individuals in Group 5, and 76.3% endorsed all
seven criteria. Heritability for this group was 0.61 (p < 10−20).

DISCUSSION
Using the 3-step LMW clustering procedure, all 4,061 participants in genetic studies of OD
and CD were assigned to five mutually exclusive groups with distinct OUBs. The largest
group (Group 1) comprised non-opioid users and low-level opioid users. The heavy opioid
users were clustered into three groups with unique characteristics: early-onset (Group 5),
late-onset (Group 3), and early-onset with co-morbid disorders (Group 4). Almost all of the
subjects in these three groups met criteria for DSM-IV OD, which suggests that OD is a
heterogeneous diagnosis. However, the two most severe early-onset groups (Groups 4 and 5)
showed the highest estimated heritability (> 0.60). The estimated heritability for the late-
onset group (Group 3) was somewhat lower (0.36). Overall, despite comparable severity of
OD in these groups, genetic risk varies for subgroups with the disorder.

Consistent with our earlier analysis based on a much smaller family-based sample that
employed different software for part of the analysis, there were five distinct subtypes
identified among subjects participating in genetic studies of OD and CD. Also consistent
with that analysis, the proportion of opioid non-users/low-level users, moderate users and
heavy users were approximately 60%, 10% and 30%, respectively [9]. However, the present
subtype findings combined in Group 1 individuals from two clusters in the earlier analysis:
non-opioid users (Cluster A, h2 = 0.61) and low-level opioid users (Cluster B, h2 = 0.40).
Moreover, the current analysis differentiated three groups of heavy opioid users compared to
the two identified previously [9]. Specifically, the heavy-opioid use Cluster E (h2 = 0.40)
from the earlier analysis (which yielded a lod score of 3.06 on chromosome 17 for EA and
AA subjects combined) was divided into early- and late-onset groups in this study. The
larger sample available in the present study may have resulted in a more refined subtype
analysis, as evidenced by the higher h2 that resulted, with the estimates for Groups 4 and 5
exceeding 0.60.

This study has a number of strengths. First, the 3-step LMW clustering procedure produced
meaningful and homogeneous subgroups and was ideal for clustering a large number of
individuals (4,061) on a large number of categorical variables (69 variables with 313
associated categories). An initial data-reduction step reduced the number of dimensions
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from 313 to 10, followed by a preliminary clustering step to reduce the number of
individuals from 4,061 to 973 intermediate groups. The final clustering step produced a
sequence of nested cluster solutions. Unlike latent class analysis (LCA), this procedure does
not require users to specify the number of clusters in advance and the sequence of nested
cluster solutions provides insight into how intermediate groups are merged. This procedure
has been used to identify homogeneous groups of risk profiles for cardiovascular disease
[35] and of farms using socio-economic profiles [36]. Although LCA has certain advantages
over the 3-step LMW clustering procedure, we chose to employ the same technique as in our
previous study [9]. Second, the instrument used to collect phenotypic information, the
SSADDA, has been shown to yield reliable diagnostic criteria and diagnoses for a variety of
SD and psychiatric disorders [13, 14]. Third, our analysis is based on a large sample with
diverse opioid use and opioid-related problem severity. Fourth, the groups differed on a
variety of demographic features and co-morbid substance use and psychiatric disorders,
which were not used in the 3-step LMW clustering procedure [37]. Fifth, all groups showed
significant heritability, with the most severe, earlier-onset groups having the highest
heritability estimates, which is convergent with the group assignment.

An important limitation of this study is the absence of additional sources of information
concerning the identified subtypes (e.g., based on follow-up studies or linkage analysis),
which are needed to validate these findings. Second, the high prevalence of CD in the study
sample limits the generalizability of the findings. Third, the SSADDA does not provide
detailed information on the kinds of opioids that subjects used. There may be other subtypes
of OD that were not captured in this sample (e.g., individuals whose use consists primarily
of prescription opioids). Finally, Groups 4 and 5, which showed the highest heritabilities,
included only 984 individuals, or 24% of the total sample, which could limit the use of this
approach in genetic studies. Independent replication of these findings and refinement of the
method are needed to address these limitations.

In conclusion, because it is heterogeneous, the DSM-IV diagnosis of OD phenotype may not
be the best phenotype to identify genes contributing to the risk of OD or to elucidate the
mechanism of such risk. This study highlights the presence of at least three subtypes of
heavy opioid users: late-onset, early-onset, and early-onset with co-morbid disorders.
Further study of these and other phenotypes should provide insight into factors that
determine the risk for development of OD, which could enhance the early identification and
treatment of the disorder.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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