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Abstract

Background—Although psychoactive substances vary in many ways, they have important
commonalties, particularly in their ability to lead to an addiction syndrome. The field lacks an
updated review of the commonalities and differences in the phenomenology of alcohol, cannabis,
tobacco, stimulants, opioids, hallucinogens, sedatives/tranquilizers and inhalants and their related
substance use disorders (SUD).

Methods—DSM-1V and DSM-5 SUD diagnostic criteria were reviewed, as was evidence from
recent epidemiological and clinical research: psychometric studies (test-retest reliability, latent
trait analysis); physiological indicators (tolerance, withdrawal); prevalence and age of onset.
Information was incorporated from previous reviews, PubMed and Scopus literature searches, and
data from large U.S. national surveys.

Results—Empirical evidence in the form of test-retest reliability and unidimensionality supports
use of the same DSM-IV dependence or DSM-5 SUD diagnostic criteria across substances. For
most substances, the criteria sets were generally most informative in general population samples at
moderate-to-severe levels of SUD. Across substances, two criteria (tolerance and use in hazardous
situations) were identified as functioning differently in population subgroups. Since substances
have different pharmacological effects, withdrawal is assessed using substance-specific symptoms,
while tolerance is not; issues remain with the assessment of tolerance. Alcohol, tobacco, and
cannabis were consistently identified as the substances with earliest onset of use, highest
prevalence of lifetime use, and highest prevalence of lifetime disorder.

Conclusions—Despite differences between psychoactive substances, the generic DSM criteria
set appear equally applicable across substances. Additional studies of tolerance and hazardous use
will be useful for future nosologies. Alcohol, cannabis, and tobacco are the substances with the
greatest public health impact due to the high prevalence and early onset of their use, and the
potential all three substances have to lead to addiction.
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Substance use disorders (SUD) are diagnosed by cognitive, behavioral, and physiological
symptoms that accompany repeated substance use despite the occurrence of clinically
significant problems. The substances include alcohol, cannabis, tobacco, stimulants, opioids,
hallucinogens, sedatives/tranquilizers and inhalants. While these substances vary in many
ways (e.g., legality, physiological effects, typical ages of onset), they have important
commonalties, particularly in their ability to lead to an addiction syndrome. Since an
updated review of the commonalities and differences in the phenomenology of these
substances is lacking, we review evidence from recent epidemiologic and clinical studies,
covering four areas. (1) Diagnostic criteria for SUD; (2) Psychometric evidence: test-retest
reliability and latent trait analysis of SUD; (3) Physiological indicators, i.e., tolerance and
withdrawal; and (4) Prevalence and age of onset of substance use and SUD.

1. Diagnostic criteria for SUD

The nosology of SUD was initially based on the “alcohol dependence syndrome” (ADS),
combining psychological, biological, and sociological processes whereby drinking develops
increasingly greater value relative to other behaviors, becoming unresponsive to
consequences of use (Edwards and Gross, 1976), a concept generalized to drugs by the
World Health Organization (Edwards et al., 1981). The ADS was seen as one axis of a “bi-
axial” set of problems, with a secondary axis consisting of adverse consequences (Edwards
etal., 1981, Edwards, 1986). The DSM-I1I-R and DSM-IV diagnosis of substance
dependence was similar to the ADS. DSM-IV provided seven dependence criteria
dependence, of which three needed to be met within a 12-month period (American
Psychiatric Association, 2000). DSM-111-R and DSM-1V attempted to make the secondary
axis (consequences, or abuse) orthogonal to dependence, by only diagnosing abuse in the
absence of dependence. DSM-IV provided four abuse criteria, with one required for
diagnosis (American Psychiatric Association, 2000). These criteria were largely generic
across substances, although cannabis, inhalants and hallucinogens did not have a withdrawal
criterion, and nicotine lacked an “abuse” category.

A large body of research into the relationship between dependence and abuse criteria
showed that across substances, DSM-IV dependence criteria and three of the four DSM-IV
abuse criteria indicated one unidimensional condition (Hasin et al., 2013b). Therefore, in
DSM-5, the distinction between dependence and abuse was removed, replaced with one
combined “substance use disorder” consisting of eleven criteria to diagnose all SUD (Table
1), of which 2 or more criteria within a 12-month period were required (American
Psychiatric Association, 2013). A craving criterion (strong desire for the substance) was
added, since it fit well with the dependence and abuse criteria across substances (alcohol
(Borges et al., 2011; Casey et al., 2012; Castaldelli-Maia et al., 2015; Cherpitel et al., 2010;
Hasin et al., 2012; Keyes et al., 2011a; Mewton et al., 2011a; Mewton et al., 2011b; Preuss
etal., 2014); stimulants (Gilder et al., 2014; Hasin et al., 2012); tobacco (Chung et al., 2012;
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Shmulewitz et al., 2011; Strong et al., 2009; Strong et al., 2012); cannabis, heroin (Hasin et
al., 2012); inhalants (Ridenour et al., 2014)), had potential clinical utility, and to enhance
consistency with ICD-10 (Hasin et al., 2013b). A withdrawal criterion was added for
cannabis given considerable evidence for its existence (Hasin et al., 2013b), and tobacco
disorder criteria were aligned with the other substances (American Psychiatric Association,
2013).

2. Psychometric evidence

Test-retest reliability

To produce useful scientific results, a measure’s output must be reproducible across
independent administrations. Two reviews summarized earlier information on reliability: one
for all substance disorders (Hasin et al., 2006) and the other for nicotine dependence
(DiFranza et al., 2010). To update results, we searched PubMed and Scopus for (DSM-1V or
DSM-5) AND “substance use disorder” AND (reliability or reproducibility), from 2005 or
later. English publications through December 2014 were considered and relevant papers
were identified from titles and abstracts.

Across substances, DSM-1V dependence showed good to excellent reliability (Pierucci-
Lagha et al., 2005, DiFranza et al., 2010, Malison et al., 2011, Hasin et al., 2006), except for
hallucinogens and inhalants, which had moderate reliability (Ridenour et al., 2007, Hasin et
al., 2006) (Table 2). Similarly, across substances, a combined DSM-IV dependence or abuse
category showed good to excellent reliability (Hasin et al., 2006, Pierucci-Lagha et al., 2005,
Cottler et al., 2009, Ridenour et al., 2007), except sedatives/tranquilizers (moderate
reliability) (Pierucci-Lagha et al., 2005). Dimensional measures of DSM-1V dependence
showed good to excellent reliability across substances (Grant et al., 1995, Hasin et al., 1997,
Ridenour et al., 2007). DSM-5 SUD reliability was generally good for binary diagnoses
(Grant et al., 2015) across substances, while dimensional measures showed good to excellent
reliability (Grant et al., 2015). (We comment elsewhere (Hasin et al., 2013a) on
methodological reasons that DSM-5 AUD appeared less reliable in one study (Regier et al.,
2013)). Additional studies are needed on the reliability of DSM-5 SUD diagnoses in general
population and clinical samples.

Latent trait analysis

Latent trait analysis can investigate the relationships between and functioning of indicators
(e.g., diagnostic criteria) of a construct that cannot be observed directly (e.g., addiction). For
example, factor analysis can determine how many latent factors (or dimensions) best explain
underlying correlations between a set of items (diagnostic criteria). For item/criterion sets
that form a unidimensional latent trait (one factor), Item Response Theory (IRT) analysis
provides further information about the relationship of each criterion to the latent trait, in
terms of two parameters, severity and discrimination (Shmulewitz et al., 2011). Item severity
is inversely related to prevalence; higher severity is indicated by lower prevalence (only
those with a severe trait/disorder will manifest a rare criterion), while higher prevalence
indicates low severity. Discrimination indicates how well the item discriminates between
individuals with high or low disorder severity. Total discrimination for all criteria in a set
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across the severity continuum can show where in that continuum the greatest amount of
information is found. Additionally, IRT analysis is used to examine differential item
functioning (DIF). DIF indicates if criteria show differential endorsement probabilities by
demographic or other characteristics, conditional on underlying trait severity. IRT analysis
was the principal method used by the DSM-5 SUD workgroup to examine the relationship of
abuse to dependence criteria (Hasin et al., 2013b); this literature now numbers over 50
publications.

PubMed and Scopus were searched for English publications available through December
2014 with the terms “item response theory” AND (DSM-IV or DSM-5) AND the substances
(alcohol, cannabis or marijuana, cocaine or stimulants, tobacco or nicotine, opioids or
heroin, sedatives or tranquilizers, inhalants, hallucinogens). Based on titles or abstracts, we
excluded papers not reporting on DSM-IV or DSM-5 SUD criteria sets or those that used
IRT for severity scores (not to investigate psychometric evidence). We also excluded a study
with incomplete assessment of abuse criteria (Kuerbis et al., 2013a). “Criteria sets” refer to
the 11 criteria for DSM-1V abuse or dependence, or for DSM-5 substance use disorder, with
10 criteria for hallucinogens and inhalants (withdrawal is excluded) (Table 1). Heroin and
prescription opioids were considered together because they have the same DSM-5
withdrawal syndrome. As Table 3 shows, many studies covered alcohol or cannabis, with
fewer studies of less prevalent substances.

Unidimensionality across substances

The key empirical evidence necessary to consider combining abuse and dependence criteria
in DSM-5 was that for all substances, these items exhibit unidimensionality, i.e., they
indicate one underlying latent trait (disorder severity). As reviewed previously (Hasin et al.,
2013b), evidence across all substances robustly showed that the 11 criteria (7 DSM-IV
dependence criteria, 3 DSM-IV abuse criteria, and craving) indicated one underlying latent
construct, with dependence and abuse criteria interspersed across the severity continuum.
This supported replacing the two DSM-1V disorders (dependence, abuse) with a single
combined disorder in DSM-5. More recent IRT studies continue to consistently indicate
unidimensionality for alcohol (Castaldelli-Maia et al., 2015; Preuss et al., 2014, Hagman and
Cohn, 2013, Kuerbis et al., 2013b, Ehlke et al., 2012, Rose et al., 2012, Edwards et al., 2013,
Wau et al., 2013, Derringer et al., 2013), cannabis (Wu et al., 2013, Gizer et al., 2013,
Derringer et al., 2013), cocaine and stimulants (Wu et al., 2013, Derringer et al., 2013,
Gilder et al., 2014), opioids (Wu et al., 2013), and inhalants (Ridenour et al., 2014). The
unidimensionality evidence also supports dimensional SUD severity scales across all
substances; such scales are important in both research and clinical work as they provide
information beyond a binary diagnosis (Grant et al., 2015, Hasin et al., 2015).

Defining the region of greatest information

IRT analysis estimates “total information”, which quantifies how well the criteria set as a
whole discriminates between individuals with high or low disorder severity. The total or
aggregate information curve plotted across the severity continuum shows the precision for
the criteria set at each value along the severity continuum (Shmulewitz et al., 2011). A “flat’
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curve shows equivalent information across all severities, while a ‘peaked’ curve indicates
more information about the disorder at the severity level where the “‘peak’ occurs. In all
studies with information about these curves, they were peaked, indicating greatest
information at a specific severity, with two areas of greatest information: either “moderate”
(information “‘peak’ from the mean [0] to about 1.5 SDs above the mean) or “moderate-
severe” (information ‘peak’ 1.5 to 2.5 SDs above the mean).

Table 3 shows that regions of greatest information varied little by substance (alcohol,
cannabis, opioids, hallucinogens, sedatives/tranquilizers, and inhalants). Instead, differences
were found mainly by sample type. General (or mixed) samples tended to provide the most
information in the moderate-severe end of the severity continuum, and clinical samples
tended to provide the most information at more moderate values. While this could appear
counter-intuitive, in clinical samples, the prevalence of all criteria is higher than in the
general population, seeming to indicate less severity in these high-severity contexts
(analogous to educational testing results only from advanced-placement students who all
“get the hard ones right”, in contrast to results from entire schools). An exception to this
pattern was stimulants. Clinical studies of cocaine showed greatest information at moderate
severity (Hasin et al., 2012, Wu et al., 2009a, Langenbucher et al., 2004), while two general
studies also showed moderate severity for stimulants (Gilder et al., 2014, Saha et al., 2012);
more studies on stimulants are needed.

Differential Item Functioning (DIF)

DIF occurs when an item’s (criterion’s) parameter estimate differs across population
subgroups after accounting for subgroup differences in disorder severity. For example, males
generally have higher average AUD severity than females and are more likely to endorse
AUD criteria; however, at the same levels of AUD severity, males and females should have
the same likelihood of endorsing a criterion, unless it functions differently by sex. Although
evidence suggests that across substances, DIF in specific criteria would not lead to
differential diagnosis of SUD in population subgroups (Hasin et al., 2013b, Derringer et al.,
2013), criteria with DIF across substances suggests that these criteria may not work well in
specific subgroups. This information can indicate a poorly functioning criterion for
sensitivity analyses and can identify criteria requiring adjustment in future nomenclatures.

The most studied DIF was by age, sex, or race/ethnicity, in the severity parameter. We
included studies that reported on DIF results for each criterion (Table 4). DIF was examined
most frequently for alcohol, with fewer studies for cannabis, stimulants, tobacco, and
opioids, one study for hallucinogens, and no studies for sedatives/tranquilizers or inhalants.

DIF by substance (Table 4)

In a majority of studies, alcohol, cannabis, stimulants, tobacco and hallucinogens showed
DIF by age, sex or race/ethnicity for the criteria assessing tolerance and use in hazardous
situations, and similar results were seen for cannabis in studies using related methods
(Agrawal and Lynskey, 2007; Delforterie et al., 2015a). Alcohol and tobacco also showed
DIF by age or race/ethnicity for difficulty quitting or controlling use. Alcohol, cannabis,
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stimulants, tobacco and opioids showed DIF inconsistently for the criteria assessing
withdrawal, time spent, and continued use despite physical/psychological problems.

A few consistent DIF patterns emerged. Tolerance was more likely to be endorsed by
younger participants (Table 4, studies 2, 3, 9-11, 15, 22, 25, 26) perhaps because they begin
by using less, then increase use to get the desired effect (Chung et al., 2004, Hartman et al.,
2008). Hazardous use was more likely to be endorsed by males (studies 1-3, 9, 11, 13, 14,
22, 28; and (Agrawal and Lynskey, 2007; Delforterie et al., 2015a)) and younger participants
(studies 3, 9, 10, 15, 24). Hazardous use may be assessing a distinct dimension of SUD
liability (Hasin et al., 2012), or a general tendency to disinhibition or antisocial behaviors
more prevalent in younger and male participants (Mewton et al., 2011b, Mewton et al., 2010,
Martin et al., 2008), warranting further investigation. Quit/control was less likely to be
endorsed by younger participants (studies 2, 3, 9, 10, 14, 15, 25, 26), perhaps reflecting that
younger individuals may not try to control use. Overall, alcohol is the only substance with a
substantial amount of data on criterion level DIF. Little DIF testing was done for craving (all
substances), tobacco abuse, or cannabis withdrawal, new in DSM-5, and warranting further
study.

Differences for tobacco

Only seven tobacco IRT studies were available (Table 3). In DSM-1V, tobacco dependence
could be diagnosed, but not “abuse”. The limited evidence available showed that the abuse
criteria were valid and reliable measures of a tobacco use disorder and that the DSM-5
criteria set provided more information and higher prevalence of a use disorder than DSM-1V
dependence (Shmulewitz et al., 2013, Shmulewitz et al., 2011, Chung et al., 2012). These
findings led to alignment of the DSM-5 tobacco criteria with those for other substances.

Yet, differences between tobacco and other substances remain. First, DSM-5 suggests
different operationalization of some criteria (time spent, hazardous use, tolerance (DiFranza
et al., 2010); Table 1). Second, studies were inconsistent on the region of the severity
continuum covered by the criteria: some general population studies showed greatest
information in the moderate range (Strong et al., 2012, Shmulewitz et al., 2011, McBride et
al., 2010, Saha et al., 2010), with others in the moderate-severe range (Rose and Dierker,
2010, Strong et al., 2009), with a wider severity range than other substances (Saha et al.,
2010, Strong et al., 2012, Strong et al., 2009). No clinical studies reported total information
for tobacco. Third, alternate indices of dependence, i.e., Fagerstrom Test for Nicotine
Dependence (FTND; (Heatherton et al., 1991)) and related measures, are widely used (Baker
etal., 2012; Hughes, 2006). These assess physical dependence (craving, withdrawal,
compulsive use) rather than behavioral, social, or health-related consequences of use; thus,
FTND and DSM are considered to indicate related but different domains of dependence
(Agrawal et al., 2011; Baker et al., 2012). Recent studies suggest that DSM and FTND
criteria together provide more information about tobacco use disorders than either measure
alone (Agrawal et al., 2011; Strong et al., 2009; Strong et al., 2012). Studies of DSM-5
tobacco use disorder criteria and diagnoses, and their relationship to the FTND, in general
population and clinical samples are warranted.
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3. Physiological/pharmacological criteria

Sources of information

Definitions of tolerance and withdrawal were taken largely from expert review papers
(Gilpin and Koob, 2008, Koob, 2006, Koob and Volkow, 2010, Koob, 2014). Symptoms of
tolerance and withdrawal were derived primarily from DSM-5 (American Psychiatric
Association, 2013). Additional information was found by searching PubMed and Scopus
English publications from human studies, published or available online through December
2014, for “(DSM-1V or DSM-5) AND tolerance”, and selecting relevant publications based
on the titles and abstracts.

Tolerance across substances

For all substances, tolerance occurs when the substance no longer affects an individual as
strongly as before. When this happens, the individual needs higher doses of the substance to
get the same effect (Gilpin and Koob, 2008, Koob, 2006). This is due to cellular and
molecular adaptations to counteract or lessen the substance’s effect, since the body is trying
to maintain ‘normal’ functioning in the presence of the substance (Koob and Volkow, 2010).
These adaptations reduce sensitivity to further substance use. While tolerance can develop
for all substances, the precise mechanisms for tolerance differ across substances, based on
how the specific substance acts in the body, primarily the central nervous system (American
Psychiatric Association, 2013, Koob and Volkow, 2010, World Health Organization, 2004).
For example, tolerance may develop through increased metabolism to clear the substance
from the body more quickly (e.g., alcohol, tobacco), or reduced receptor reactivity to the
substance (e.g., alcohol, sedatives, tobacco, opioids) (World Health Organization, 2004).
Tolerance can develop rapidly for some substances (e.g., sedatives, cannabis,
amphetamines), and slowly for others (e.g., inhalants) (World Health Organization, 2004).

Concerns about tolerance as a criterion

The DSM changed-based operationalization of tolerance (needing to use more, or less of an
effect, than “before™) is considered problematic across substances (Martin et al., 2008).
Since assessment is based on initial or “usual” use levels, tolerance can be endorsed with
low levels of use, if small amounts were used (Martin et al., 2008) (e.g., increases from 2 to
3 drinks (Chung et al., 2004, Chung et al., 2001)). This may be the reason tolerance is more
likely to be endorsed by younger participants. Conversely, tolerance may not be endorsed at
high levels of use (or high disorder severity) if initially high levels were used (e.g., alcohol
and cannabis (Martin et al., 2006)), and/or if tolerance developed too quickly (Martin et al.,
2008). Additionally, prevalence of tolerance varied across substances (Lynskey and Agrawal,
2007, Hasin et al., 2012, Saha et al., 2012). Lastly, tolerance discriminates poorly between
those with or without dependence (alcohol, cannabis (Chung et al., 2004, Chung et al.,
2001)), or between those with greater or lesser severity (cannabis, cocaine, amphetamines,
opioids (Schuckit et al., 1999)), and does not predict clinical course (alcohol (Hasin et al.,
2000)). Therefore, further research investigating inclusion of tolerance in the SUD
diagnostic set is warranted.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shmulewitz et al. Page 8

Withdrawal across substances

Substance use, especially heavy use, leads to tolerance. When regular use ceases or is
greatly reduced, the blood or tissue concentration of the substance declines and a re-
adjustment is necessary. Withdrawal symptoms indicate this process of readjustment. After
the body re-adjusts to the absence of the substance, withdrawal symptoms diminish and
eventually cease. These symptoms are adverse across substances, and their avoidance can be
one reason for continued use. However, withdrawal symptoms are generally life-threatening
only for alcohol, sedatives (e.g, benzodiazepines), and opioids (Koob and Volkow, 2010). In
DSM-5, withdrawal is included for alcohol, cannabis, stimulants, tobacco, opioids and
sedatives/tranquilizers. The withdrawal criterion is considered positive with endorsement of
the required number of substance-specific symptoms, or if the substance or a related
substance is used to relieve or avoid symptoms.

Withdrawal by substance

Table 5 presents DSM-5 withdrawal symptoms by substance. All substances show
symptoms related to emotional distress, such as depressed or dysphoric mood, anxiety, or
insomnia, possibly related to common effects of all substances on the brain systems involved
with stress and reward (Koob and Volkow, 2010, Koob, 2014). Other symptoms are more
specific to pharmacological effects, and thus differ across substances. Sedating substances
(alcohol, sedatives/tranquilizers) have similar withdrawal symptoms: nausea, vomiting,
hallucinations, psychomotor agitation, seizures, tremors, sweating, and fast pulse rate.
Opioids share some of those symptoms (nausea, vomiting, sweating) but also show other
symptoms (lacrimation, diarrhea, yawning, fever, muscle aches). Stimulating substances
(stimulants, tobacco) share some withdrawal symptoms (increased appetite, restlessness/
agitation), but show some different symptoms, such as fatigue for stimulants and irritability/
frustration for tobacco. Similarly, the time period for symptoms to develop (after cessation
or reduction of use) and then improve differs across substances (Table 5), since that is
partially determined by the amount of time after use the substance is generally biologically
available. For example, withdrawal from sedating substances tends to develop within several
hours to a few days, and can improve within five days to a week, but some symptoms can
last for months. In contrast, withdrawal from tobacco tends to begin within one day, and then
improve over two to three weeks. Thus, withdrawal is assessed using substance specific
symptoms such that overall, the DSM-5 withdrawal criterion should be a similar indicator
across the six substances.

Cannabis withdrawal

Withdrawal from cannabis was not included in DSM-1V because of lack of evidence, but
was added in DSM-5, after supporting evidence became available (Hasin et al., 2013b).
Studies showed that cannabis withdrawal is a reliable and valid diagnosis, with a time-
limited course after cessation of cannabis use. It is prevalent in both general and clinical
samples, and has clinical significance, since withdrawal was associated with difficulty
quitting and worse treatment outcomes. Additionally, cannabis withdrawal fit the
unidimensional model of cannabis use disorder criteria (Derringer et al., 2013, Gillespie et
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al., 2007, Gizer et al., 2013, Hartman et al., 2008, Langenbucher et al., 2004, Lynskey and
Agrawal, 2007, Mewton et al., 2010, Piontek et al., 2011, Wu et al., 2009b, Wu et al., 2013).

Hallucinogen, inhalant withdrawal

DSM-5 does not include withdrawal for hallucinogens or inhalants due to lack of evidence
for a clinically significant withdrawal syndrome (American Psychiatric Association, 2013).
A few studies on hallucinogens (Gillespie et al., 2007, Cottler et al., 2009) and inhalants
(Ridenour et al., 2007, Perron et al., 2011, Ridenour et al., 2014) suggested that withdrawal
symptoms were endorsed, showed acceptable reliability and validity, and fit the underlying
disorder latent construct. Yet, a distinct set of symptoms remains to be identified for
hallucinogens (Cottler et al., 2009) and inhalants (Ridenour et al., 2014); additional research
is needed to determine if identification of such a syndrome is possible (Hasin et al., 2013Db).

Exception for medical use

Withdrawal and tolerance are often observed among individuals using substances for
medical purposes, such as stimulants, opioids, hallucinogens, sedatives/tranquilizers, and,
with the advent of medical marijuana laws, cannabis (Table 1). When substances are used
appropriately for supervised medical treatment, these criteria do not count as indicators of a
SUD (American Psychiatric Association, 2013). These criteria would count towards a
diagnosis if the substance was used in ways other than as prescribed, or for non-therapeutic
reasons (American Psychiatric Association, 2013). Although conceptually this distinction
appears reasonable, empirical evidence that applying this rule improves the reliability or
validity of the criteria or disorder diagnosis is lacking; further studies are warranted. In
contrast, tolerance and withdrawal always count towards a diagnosis for non-medically
approved substances (alcohol, tobacco, cocaine, inhalants).

4. Prevalence and Age of onset of substance use and SUD

Sources of information

Two sources of information were utilized: literature review and data from US national
datasets. Searches were conducted in English publications of human studies, initially
restricted to publications dated January 2002-December 2014 from Pubmed, Medline,
ProQuest, and Scopus, using the following terms: (“age of/at onset/first use/initiation”) and
(alcohol or tobacco or nicotine or stimulant or heroin or cocaine or non-medical or opioid or
methamphetamine or inhalant or marijuana or cannabis or k2 or spice or sedative or
tranquilizer) and (disorder or abuse or dependence). Earlier publications were included when
relevant and needed to supplement scant information. Only US studies were included, since
many differences (e.g., legality, availability, and acceptability of substance use) should be
considered when comparing patterns across countries, which is beyond the scope of this
review. Based on title, abstract, or text, studies were included if they were quantitative, their
primary focus was substance use, and substance-specific drug use could be differentiated.
While alcohol, cannabis, cocaine, and tobacco had a substantial number of studies reporting
on age of onset of use/disorder, several substances (inhalants, other stimulants,
hallucinogens, tranquilizers/sedatives) yielded few or no studies (Table 6).
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To supplement the literature review, we included findings from several U.S. national
datasets. For adolescents, prevalence of use of each substance was examined by age in three
datasets from 2013: Monitoring The Future (MTF) (Johnston et al., 2014), the National
Survey of Drug Use and Health (NSDUH) (Substance Abuse and Mental Health Services
Administration, 2014), and the Youth Behavioral Risk Surveillance Survey (YRBS) (Brener
et al., 2013). Both MTF and YRBS are nationally representative school-based surveys of
adolescents. The NSDUH is a nationally representative household-based survey of the non-
institutionalized U.S. population, ages 12 and above. We provide published estimates from
MTF (Johnston et al., 2014) and YRBS (Kann et al., 2014); for NSDUH participants age
12-17, prevalence estimates were calculated from the public use dataset using SAS 9.4,
adjusting for the complex survey design and sampling weights.

For adults, we examined the median age of onset of use of each substance in two datasets:
NSDUH (participants age 18 and older) and Wave 1 of the National Epidemiologic Survey
on Alcohol and Related Conditions (NESARC), a nationally representative survey of the
civilian, non-institutionalized U.S. adult population in households and group living quarters,
conducted 2001-2002 (Grant et al., 2004). Prevalence and median age of onset of use in the
NSDUH were calculated from the public use dataset using SAS 9.4, adjusting for the
complex sampling design and using sampling weights. We examined prevalence of use and
of DSM-IV substance use disorders (abuse, dependence), and median age of onset of use
and of SUD in the NESARC using SUDAAN 11.0.1, adjusting for the multi-stage sampling
design and using sample weights. Medians are presented as they are less influenced by
extreme outliers.

Adolescents: prevalence of use, age of first use

MTF, YRBS and NSDUH consistently showed that adolescents used alcohol, tobacco, and
cannabis earliest and most commonly (Figures 1-3). Similarly, in other published studies of
adolescents (Table 6), younger ages of onset were reported for alcohol, tobacco and cannabis
(Bracken et al., 2013, Ridenour et al., 2006, Sartor et al., 2013). This consistency is probably
related to environmental/ecological factors (availability, legal status, social norms), since the
pharmacologic properties and subjective effects of these substances differ considerably. In
MTF, YRBS, and NSDUH, inhalants showed early onset, but low prevalence. Cocaine, other
stimulants, opioids, and tranquilizers/sedatives showed later onset of use and were less
common among adolescents.

Adults: prevalence of use, age of first use

In published studies (Table 6), alcohol, cannabis, and tobacco were the most prevalent
substances used. Similarly, both NESARC (Table 7) and NSDUH (Table 8) showed that the
prevalence of alcohol, tobacco, and cannabis use was highest, with other substances used
less. Overall lifetime substance use was generally higher in NSDUH than NESARC, perhaps
due to methodological differences between the studies (self-administered substance use
questions in NSDUH, interviewer-administered questions in NESARC) (Grucza et al.,
2007). In both the previously published studies (Table 6) and the additional analyses in
NESARC (Table 7) and NSDUH (Table 8), among the more prevalent substances, tobacco
showed the earliest median age of onset of use, followed by cannabis and alcohol, with onset
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generally occurring in early to mid-adolescence. Use of inhalants and hallucinogens began at
younger ages, and cocaine, opioids, and sedatives/tranquilizers began at older ages. The only
difference between the US national surveys in age of first use was for stimulants, reported as
earlier in the NESARC than the NSDUH; the reasons for this are unclear. For a more
complete understanding of the time course of substance use, further examination of the
trajectories of use patterns over time both at a population level (e.g. secular trends) and at the
individual level (e.g. longitudinal) is warranted. Further, alcohol and substance use function
within larger cultural contexts (Degenhardt et al., 2008); expansion of international research
on onset and prevalence of use is warranted.

Adults: prevalence of disorder by substance, age of onset of SUD

Overall, the most commonly diagnosed DSM-1V SUDs (dependence or abuse) were for
alcohol (30.3%), tobacco (in DSM-IV, dependence only; 17.7%), and cannabis (8.2%),
consistent with the high prevalence of lifetime use of these substances (Table 7). However,
among users, any SUD was most prevalent for cocaine (45.8%), stimulants (43.8%), and
cannabis (41.1%), followed by tobacco (37.8%), alcohol (36.6%), opioids (32.0%),
hallucinogens (29.2%), sedatives/tranquilizers (26.6%), and inhalants (19.5%). For most
substances, the age of onset of SUDs was generally late adolescence through young
adulthood, in both NESARC (Table 7) and other published studies (Kalaydjian et al., 2009,
Khan et al., 2013, Perron et al., 2009), while nicotine dependence was later, about age 26
(Table 7). Across all substances, initiation of use was generally younger among those
diagnosed with SUDs (Table 7), and earlier onset of use was generally associated with
higher risk or earlier onset of SUD (Table 6) for alcohol (Hingson et al., 2006, Hingson et
al., 2009, Moss et al., 2014), tobacco (Lopez-Quintero et al., 2011, Moss et al., 2014), and
cannabis (Haberstick et al., 2014, Le Strat et al., 2014, Moss et al., 2014).

Discussion

Review of psychometric studies identified many important similarities across substances.
Test-retest reliability of the diagnoses was similar across substances, suggesting that
differences in SUD prevalence across substances are not artifacts of a nosology more
applicable to one substance than another. IRT studies showed that for all substances, the
criteria sets were reliable measures of the underlying condition (SUD severity), providing
robust empirical support for generic SUD criteria. Conceptually, generic criteria were
supported by similar features across substances, such as commonalities in the
neurobiological mechanisms of addiction (Koob, 2006, Koob and Le Moal, 2001), which
lead to common behaviors across substances. Questions about whether the same set of
diagnostic criteria would be similarly reliable and applicable across substances (Budney,
2006, Hughes, 2006) are addressed by the information provided in this review. Further, in
general population samples, the criteria sets provided information at levels of greater
severity, a desirable characteristic when the purpose is to identify people with disease
(greater severity). To use the criteria sets to identify individuals at risk for developing a
SUD, identification of valid and reliable lower severity indicators may be useful. Consistent
DIF across substances was identified for two criteria, tolerance and hazardous use,
suggesting further investigation into the role of those criteria in the diagnostic criteria set.
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Two related issues warrant further comment. First, the most appropriate methodology (IRT)
was used consistently to investigate the relationship between dependence and abuse criteria
for all substances. Use of a consistent statistical methodology ensured that if results varied,
the variation would be due to differences between substances or samples rather than
variation in methodology. Having accomplished this task, studies should now investigate the
DSM-5 nosology using different methodologies (Hasin, 2015). For example, rest-retest
reliability studies are needed. In addition, validity should be evaluated by determining the
association of criteria or diagnoses with external validators, including those that are
antecedent (e.g., family history), concurrent (which indicate current state) or prospective
(which predict prognosis or course). Second, although most IRT studies (Table 3) were in
U.S. samples, a number of studies were conducted in other countries, mainly for alcohol
(Argentina, Mexico, and Poland (Borges et al., 2011; Borges et al., 2010; Cherpitel et al.,
2010); Israel (Shmulewitz et al., 2010); Australia (Mewton et al., 2011a; Mewton et al.,
2011b); Australia, Brazil, Canada, Finland, and Japan (Preuss et al., 2014); and Brazil
(Castaldelli-Maia et al., 2015)), with two for cannabis (Australia (Mewton et al., 2010) and
France (Piontek et al., 2011)) and one for tobacco (Israel (Shmulewitz et al., 2011)). Those
studies indicated that the same relationship between dependence and abuse criteria was
found in many other countries; unidimensionality results were not limited to U.S. samples.
But, in the few studies that investigated criteria functioning between countries, a number of
criteria that functioned differently in different countries were identified for alcohol (Borges
et al., 2010; Cherpitel et al., 2010) and cannabis (Delforterie et al., 2015a). Further studies
should confirm the unidimensionality for all substances across countries, and identify
criteria that function differently between countries, to more fully investigate the cross-
country applicability of the DSM-5 nosology across substances.

Concerning the physiological criteria, tolerance and withdrawal show many differences and
some similarities across substances. First, tolerance can develop for all substances, but
problems with operationalization suggest the need for further research into its utility as a
SUD criterion. Second, withdrawal can occur for most substances, and a substance-specific
set of withdrawal symptoms are necessary. However, further work is needed to determine if
withdrawal occurs for hallucinogens and inhalants. Last, tolerance and withdrawal criteria
are not considered to indicate a substance use disorder for substances that are used under
appropriate medical care (e.g., opioids); research is needed to determine how applying this
exception affects diagnostic reliability.

Concerning prevalence and age of onset, alcohol and tobacco use were most prevalent,
reflecting their legal status and availability. Cannabis was the most widely used illicit
substance. In national surveys, these three substances tended to be used earliest and showed
highest prevalence of SUD. Cocaine, stimulants, tranquilizers/sedatives, and inhalants had
consistently low prevalence. While age of onset varied somewhat for these substances, it is
unclear if this is due to methodological differences in the surveys or differences in secular
trends of the age of onset of substance use.

Although the substances have different pharmacological effects, the same SUD or addiction
criteria appear to be generally applicable across substances, suggesting an underlying
“addictive process” that is common across all substances. This common addictive process is
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most likely determined in part by genetic factors, as suggested by shared genetic liability
across substances (Agrawal et al., 2012, Krueger et al., 2007), and in part by environmental
factors, as suggested by shared risk factors for developing all types of SUDs, such as
childhood maltreatment (Afifi et al., 2012, Dube et al., 2003, Keyes et al., 2012) and
stressful life events (Sinha, 2001, Sinha, 2008). SUDs are a key feature of the
“externalizing” axis of psychiatric disorders, as well as antisocial and conduct disorders
(Krueger, 1999, Krueger et al., 2007), suggesting that the underlying liability to substance
problems may be related to disinhibition, or the inability to refrain from unsafe behaviors,
such as problematic or maladaptive substance use (Crowley, 2006).

However, despite the many commonalities across substances, substance-specific genetic and
environmental liability factors (Tsuang et al., 1998, Kendler et al., 2003) indicate that
individuals often prefer one substance to others. Understanding how the general liability for
substance use or disorders is expressed for a particular substance is important for designing
appropriate substance specific prevention or intervention programs. A proposed framework
for “addiction specificity” (Sussman et al., 2011) lays out the complex relationships between
both individual and group level factors that influence which substance an individual is most
likely to use (and develop a SUD). An individual’s initial response to a substance may affect
future use or disorder (de Wit and Phillips, 2012); e.g., unpleasant flushing response to
alcohol decreases the likelihood of alcohol use disorders (Edenberg, 2007) or stimulating
effects of alcohol increase risk (King et al., 2014). While an underlying personality “type”
appears more susceptible to addiction in general (e.g., impulsivity, aggressiveness (Krueger
et al., 2007)), limited evidence suggests that specific personality types were more likely to
use specific substances (Milivojevic et al., 2012, Le Bon et al., 2004, Gerra et al., 2008).
Abundant evidence indicates that individuals use substances that are used by others around
them (parents, peer group). Group level factors may affect availability or ability to acquire
specific substances; one study suggests that individuals using opiates would have used
alcohol instead in less-permissive environments (Milivojevic et al., 2012).
Sociodemographic variables affect choice of substance (Clark et al., 2012), as do social
norms, which may also differ by demographics or cultural groups (Keyes et al., 2011b;
Keyes et al., 2011c; Keyes et al., 2012; Shmulewitz et al., 2012). Additional research in this
area is necessary to understand how these factors all work together to increase liability to
general substance use or disorder (commonalities), and to affect risk for a specific substance
use or disorder (differences).

In conclusion, through focusing on four areas of SUD phenomenology and epidemiology,
we elucidated commonalities and differences across substances. Overall commonalities in
the psychometric properties of the criteria sets and diagnoses justify the use of generic
diagnostic criteria across substances, as long as specificity is allowed for withdrawal. Having
consistent criteria for all SUDs is simpler for clinicians and researchers than different,
substance-specific criteria. We identified key areas of research that could influence future
nomenclatures, such as validation of the nosology across substances, whether tolerance and
hazardous use should be removed or modified, and whether lower severity criteria should be
added to aid in screening for substance use problems in the general population. Key
differences in prevalence and age of onset of use and use disorders across substances are
important for designing age appropriate prevention and intervention programs. Lastly, with a
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clearer picture of the underlying commonalities across substances, the focus can shift to the
differences, and to identifying the reasons individuals choose to use a specific substance, in
order to be able to provide the most targeted and effective treatment programs.
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Figure 1.
Substance use among adolescents (12-17), NSDUH 2013 (N = 17,736)
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Substance use by grade, MTF, 2013 (N =41, 700)
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DSM-5 substance use disorder? criteria (American Psychiatric Association, 2013)
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DSM-5 Criterion

DSM-5 Definition

DSM-5 Substance specific
notes

Criterion in DSM-1VP?

Impaired control

substance or similar substance to avoid or relieve
withdrawal symptoms.

Larger/longer use substance in larger amounts or over longer Dependence
period of time than was intended
Quit/control persistent desire to regulate or cut down use, or Dependence
multiple unsuccessful efforts to quit or decrease use
Time spent lots of time spent obtaining, using or recovering Tobacco: often assessed as Dependence
from effects of the substance “chain smoking”; spending lots
of time obtaining or recovering
is rare
Craving an intense desire or urge for the substance; assessed Not included
by asking if had such strong desires for the
substances that could not think of anything else
Social impairment
Neglect roles recurrent use resulting in failure to fulfill role Abuse
obligations at home, work, or school
Social/personal continue to use despite social or interpersonal Abuse
problems caused or exacerbated by effects of the
substance; examples include violent arguments, child
abuse, physical fights
Activities given up Important social, occupational, or recreational Dependence
activities given up or reduced because of use
Risky use
Hazardous use Recurrent use in situations where it is physically Tobacco: smoking in bed, Abuse
hazardous, such as driving, operating machinery around flammable chemicals.
This may also apply to other
substances that are smoked,
such as cannabis, opioids, and
stimulants.
Physical/psychological | Continue use despite knowing that use causes or Specific disorders for different Dependence
exacerbates a persistent or recurrent physical or substances, but underlying
psychological problem similarity is the failure to
abstain despite substance use
causing difficultly
Physiological/Pharmacological criteria®
Tolerance Requiring a markedly higher dose to achieve desired | Tobacco: often indicated by no Dependence
effect or markedly lower effect with usual dose longer feeling nauseous or
dizzy with use, or more intense
effect the first time used during
the dayd
Withdrawal Substance specific withdrawal symptoms or use of Substance specific withdrawal Dependence

symptoms (Table 5); not
included for hallucinogens and
inhalants

aA DSM-5 SUD is diagnosed by the presence of 2 or more criteria within 12-months, with severity indicated by number of criteria endorsed: 2-3
(mild), 4-5 (moderate), 6 or more (severe).

DSM-IV dependence was diagnosed with the presence of 3 or more criteria occurring within 12-months; abuse was diagnosed with the presence
of 1 or more criteria in the absence of dependence, and included a fourth abuse criterion (“continued to use despite legal problems”) that was not

included in DSM-5.
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cphysiologicaI/pharmacoIogicaI criteria that develop during the course of appropriate medical treatment do not count towards a SUD diagnosis.
These can count towards a SUD diagnosis if the substances are used inappropriately (other than how they are prescribed). Medical usage may be
appropriate for the following substances: cannabis (nausea due to chemotherapy, weight loss in AIDs patients); amphetamine or related stimulants
(attention-deficit/hyperactivity, narcolepsy, obesity); opioids (analgesics); hallucinogens (emerging use for major depression (Abdallah et al.,
2015)); and sedatives/tranquilizers (sleep disorders, anti-anxiety). Medical usage not indicated for alcohol, tobacco, cocaine, or inhalants.

a, . _ . .
Some studies use alternate definitions, such as those based on amount of cigarettes smoked (DiFranza et al., 2010).
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Test-retest reliability (kappa) for DSM-IV and DSM-5 substance use disorder (SUD) diagnoses.

DSM-1V dependence@

DSM-1V dependence or
abuseP

DSM-5 SUDC

(Pierucci-Lagha et al., 2005)

Alcohol 0.63-0.82 (Hasin et al., 2006); 0.87 (Pierucci- 0.70-0.76 (Hasin et al., 2006); 0.40 (Regier et al., 2013);
Lagha et al., 2005) 0.83 (Pierucci-Lagha et al., 0.60-0.62 (Grant et al.,
2005) 2015)
Cannabis 0.50-0.94 (Hasin et al., 2006); 0.66-0.69 0.70-0.78 (Hasin et al., 2006); 0.41 (Grant et al., 2015)

0.65-0.71 (Pierucci-Lagha et
al., 2005)

Stimulants-cocaine

0.61-0.99 (Hasin et al., 2006);0.78-0.92
(Pierucci-Lagha et al., 2005)

0.68-0.91 (Hasin et al., 2006);
0.89-0.97 (Pierucci-Lagha et
al., 2005)

0.53 (Grant et al., 2015)

Stimulants-other

0.51-0.92 (Hasin et al., 2006); 0.64-0.66
(Pierucci-Lagha et al., 2005)

0.52-0.56 (Pierucci-Lagha et
al., 2005)

0.54 (Grant et al., 2015)

Tobacco 0.60-0.64 (Hasin et al., 2006); 0.63-0.89 N/A 0.50-0.87 (Grant et al.,
(DiFranza et al., 2010);0.96-0.97 (Pierucci-Lagha 2015)
et al., 2005)

Opioids 0.59-0.96 (Hasin et al., 2006); 0.97-1.0 (Malison 0.66-0.80 (Hasin et al., 2006); 0.40-0.47 (Grant et al.,
etal., 2011); 0.91-0.94 (Pierucci-Lagha et al., 0.82-0.88 (Pierucci-Lagha et 2015)
2005) al., 2005)

Hallucinogen 0.49-0.54 (Hasin et al., 2006) 0.69 (Cottler et al., 2009) Prevalence very low (Grant

etal., 2015)

Sedatives/tranquilizers

0.57-0.95 (Hasin et al., 2006); Prevalence very
low (Pierucci-Lagha et al., 2005)

0.50-0.56 (Pierucci-Lagha et
al., 2005)

Prevalence very low (Grant
etal., 2015)

Inhalants

0.47 (Ridenour et al., 2007)

0.76 (Ridenour et al., 2007)

Prevalence very low (Grant
etal., 2015)

a . - . - . .
DSM-1V dependence diagnosed by presence of 3 or more dependence criteria occurring together within a twelve month period (American
Psychiatric Association, 2000)

b

DSM-1V abuse diagnosed by presence of 1 or more abuse criteria in the absence of dependence; N/A for tobacco (American Psychiatric

Association, 2000)

DSM-5 substance use disorder diagnosed by 2 or more criteria occurring together within a twelve month period (American Psychiatric

Association, 2013)

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 29

Shmulewitz et al.

(HNAsN)
N 91eIBPON juswINIISUL d14198ds-AaAINg 95€6 vsn uone|ndod Jessush yusdsajopy 2102 '1e 18 350y
SOA 8JelspoN INSIYd E€vs vsn [ed1u1d Ynpy ¢10¢ '|e 1 uiseH
(suerpul
SOA 8JelspoN VOVSS 0€S vsn uesLIawYy) uotreindod etsush ‘Ynpy TT0ZC 'Ie 18 J9p[1D
SOA | 949nas-01-91eI8POIN JusWINIISUI 913193ds-AdAINg 96€ VSN uone|ndod |e1auab uadssjopy TT0Z UyoD pue uewbeH
(GMHISN)
SaA | @Janes-01-a1eIapOIN (pauipow) o'z uoIsIaA 1Aa1D €58 eljensny uonendod [esauab ‘usdssjopy gTTOZ ‘|2 18 UOIMBIN
SoA | euenes-o1-aresspoiN (payIpow) 0°z UoISIeA 1A1D oLl elensny | (8MHIASN) uoneindod [esausb ‘Ynpy BTTOC ‘e 19 UOIMAIN
SOA | 9I9A8S-01-31eI8POIN VOVSS G098 VSN (V900) paxiw ‘ynpy TTOZ ‘[e 18 U0sYdINDIN
vsn
SSA V/IN [a]}e} T6TE ‘lod ‘xaIN ‘Bav g3 ‘HUnpy 1702 '1e 18 sabiog
SaA | euanas-o1-aresspoiN Al-SIavany 25€8T vsn (S3v7IN) uoneindod fesaush ‘Ynpy BTTOZ '|& 18 SoAa
(e1BIID INSQ UO paseq)
SOA V/IN ainseawl Jodal J|as Wall-TT ege VSN uone|ndod |e1auab uadssjopy 0TO0Z '[e 18 Jajasag
SaA | o1anes-01-a1eIapOIN Al-SIavany 09TT |oels| uonejndod fessush npy 0T0Z ‘[e 18 ZUMBINWYS
vsn
S3A | 8Jonss-01-a1eI8PON 1dI10 G6TS | ‘lod ‘xa ‘Biy g3 Unpv 0T0Z "[e 38 [3udIayD
VSN ‘puejod
‘00IXaN
SaA | oianes-01-a1eIapOIN 1a1D paidepy 16TE “‘eunuably d3 Unpy 0102 '[e 19 sabiog
(souspuadap) seA ajeapoN 181119842 AI-INSQ 29 vsn [eauld ‘Ynpy 46002 '[e 38 N
(HNAsN)
SaA | @Janes-01-a1esapOIN 1UBWINASUI O13198ds-Aaning TE2EET VSN uonendod [esausb ‘usdss|opy 6002 ‘|e 18 piopieH
SoA | 949n8s-01-81eI9pOIN AVS-1A1D 185G VSN paxiw Juadss|opy 800¢ '[e 18 uloyjeo
SOA | 9I9A3S-01-3]eI8POIN Al-SIavany 91780¢ VSN (DYVS3N) uonendod fetsush ‘Ynpy L00¢ ‘|e 18 eyes
SA | oi1anes-01-a1eIapOIN Al-SIavany 97802 vsn (0¥vs3N) uonejndod [etsusb ‘npy 9002 ‘Ie 18 BYES
SOA 8JelspoN aios 12%14 vsn [ea1ul]2 ‘Jusdss|opY 900¢ ‘[e 18 UleN
SOA 3jeJapoN WVS-1a1D 2.8 vsn [ea1ul|d ‘}npy 002 "[e 18 Jayonquabue]
TTOHOO1V
Sumoys A1 reuoisuswipiun | gUonewIoul dead giuswinsul ansoubelg az1s ajdwes Anunod 2dA1 Aenunsjedwes Jeak ‘saoyiny

((9£TOZ I8 18 UISeH) wWouy paldepe) eLRIID J8pIosIQ 85N dUBISANS SG-INSA/AI-INSQA Uo saipns (1H]) A10ay L asuodsay wal|

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 30

Shmulewitz et al.

aue)d
SINVINNLLS
(90udpuadap) saA VIN 1SIP198YD AI-INSA 91¢ vsn [e21U1[O ‘UNPY €102 ‘1218 N\
(s0udpuadap) ssA VIN AVS-1AID ‘'VOVSS 1659 VSN paxiw ‘}npy €102 "[e 18 Joburieq
S9A VIN VOVSS YETT vsn uonendod fesauab ‘Ynpy €102 "[e 18 49219
S9N | 949nas-01-91eI8POIN JusWINIISUI 213193ds-AdAINS 1169 VSN (HNAsN) uoirejndod Jesauab ‘npy 2T0Z '[e 18 N\
S9A oJRIBPON INSIYd ove vsn [e21U1}9 NPV 2102 |2 19 uiseH

(daaoHs)
SOA | 949nas-01-91€I9POIN 1ain-n 9¢e aouel4 uonendod |eiauab uadssjopy TTOZ "[e 18 Xajuold
SOA VIN 1aIo L eljessNY uonejndod [essuab ‘Ynpy 0T0Z ‘[ 13 UOWBIN
SaA | @enss-01-81eIBPOIN AlI-Slavany €09T vsn (0YvSaN) uonendod feseusb ‘Ynpy 6002 '[e 38 uoydwod
(s0ouapuadap) ssA 3JeIBPOIN 1SIPO3YD AI-INSA 1€ vsn [BIIUID “YNPY 46002 '[e 19 N\
SaA | @enss-01-81eIBPOIN WVS-1aID 1855 vsn PAXILL ‘JUBIS3|OPY 8002 ‘[e 18 UewiieH
SOA VIN Al-Slavany €€68 vsn (0YvS3N) uoneindod esauab ‘Ynpy | 2002 [emelBy pue Asxsukd
SOA VIN aios Lege vsn uonejndod [esauab ‘Ynpy 1002 "[e 18 81ds8| 19
SOA 3JeIBPOIN aios LTy vsn [BJ1U1]D JUBISI|OPY 900 '[& ¥ Une
BN 8JeIBpON WVS-1aID 292 vsn [E21U1[0 “UNPY 002 "[e 38 Jayanquabuen
SIGVNNVYO
SOA VIN 1aIo 96 l1zeig (SHINGS) [es8usal ‘UNPY | STOZ '[e 13 BIRIN-1]|9pEISED

ueder ‘puejui
‘epeue)

SOA VIN siavany eyt paxiw ‘npy ¥T02 '[e 19 Ssnaid
(souapuadap) saA VIN 1SIP93UD AI-INSA 9y vsn [BIIUIND ‘YNPY €102 ‘1212 N\
SOA VIN JusWINIISUI 213193ds-AaAINS VSN (HNAsN) uoirejndod Jesauab npy €T0Z Uyo) pue uewbeH
(souapuadap) saA VIN WVS-1AID ‘VOVSS 1659 vsn paxiw ‘Ynpy €102 "[e 18 Jebulieq
SoA | 9J9nss-01-a1elapo JusWINIISUI 213193ds-AaAINS e vSN (HNAsN) uoirejndod Jesauab npy €702 ‘[ 18 S1qIaNy
SOA VIN aios 12172 vsn uonejndod [esauab ‘Ynpy €102 '[e 18 spremp3
S9A | 840NBS-0)-31eIOPOIN Al-SIavany LLee vsn (0¥vS3N) uonejndod [esausb ‘Ynpy 2102 |2 1o AsseD

(HNASN)
SoA | 9J9nas-01-a1e19poN JusWwINIISUI 213198ds-AdAINS G09'y vSN uoneindod [eauab yuadssjopy 2702 ‘e a3
Jumoys A1l euoisuswipiun | oUolew.IojUl Yead gruswnIsul onsoubelq 9z1s a|dwes Anunod 23041 Asnunsysidwes Jesh ‘saoyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 31

Shmulewitz et al.

SBA VIN BWNAsUL 14199ds-AdnIng 062T vsn uonejndod [esauab _th_o@%__m%_/w 96002 '[e 10 N\
SOA V/IN aios 62 vsn uorreindod [esaush ‘ynpy 1002 ‘Je 18 aidss||19
EIN VIN Al-SIavany 0902 VSN (0¥vS3N) uoneindod [eisush Unpy | 2002 emelby pue Asxsuk
Sdioldo
SSA VIN aios Ty vsn [e21U1]D JUBS3|0pY 2702 "[e 38 Bunyd
(souspuadap) saA areJapoN JusWINIISUl d1y198ds-Aaning 955 vsn uonreindod [esauab Juadssjopy 2102 '[e 198 Buons
SSA deJspoN AlI-Siavany lLeL |seIs] uolyendod [essusb Ynpy TTOC '[e 18 ZUMma|nWys
(s0uapuadap) seA aJeIapoN Al-SIavany G819 vsn (04vS3aN) uonejndod essuab ‘Ynpy 0T0Z ‘Ie 18 apLgON
(HNASN)
(souspuadap) saA | alenss-01-a1eIBPOIN JusWINIISUI 913193ds-AdAINg 85/2 VSN uone|ndod |eiauab “uadssjopy 0T0Z Joyla1g pue asoy
(s0uspuadap) ssA aJeIapoiN Al-SIavany zs8L vsn (0¥vS3N) uonejndod [eisush Ynpy 0702 '[e 18 BYES
(souspuadap) saA | alenss-01-a1eIBPOIN JusWINIISUI 913193ds-AdAINg 962 VSN uonendod |eiauab “uadssjopy 6002 ‘[e 18 Buons
020vdol
(suetpu
SOA ajelapo VOVSS €6 vsn uedLiawy) uoneindod fessush npy 102 ‘e 19 J8plo
aulweRydweyBW Jo 3UeI0D
(souspuadap) seA VIN BIPPBYD AI-INSA 99T vsn [e21Ul]2 ‘UnpY €T0C 'l NN\
S8A ajeIaPON Al-SIavany 0S.T vsn (0¥wS3N) uonejndod |etausb Ynpy 2102 '[e 18 BYES
SOA V/IN alos 058 vSN uonejndod etauab ‘npy 1002 '[e 18 aidsa| |19
EIN VIN Al-SIavany 520z vsn (0¥vS3N) uoneindod |esaush YUnpy | 2002 lemesBy pue Asxsuk
(01 ‘sauiwrepyduwe) soylo
(souspuadap) saA VIN 1S1129UD AI-INSA €89 vsn [e21U1]9 UNPY €702 'e 18 "W\
(souspuadap) seA VIN NVS-1AID ‘'VOVSS 1699 vsn paxiw ‘Inpy €702 '[e 19 496uLLIaQ
S8A ajeIaPON Al-SIavany 825¢ vsn (0¥vS3N) uonejndod |etausb Ynpy 2102 "o 18 BYES
SA 81RIBPON INSIYd €8y vsn [eOIUID ‘YNPY 2102 ‘[e 18 UIseH
(souspuadap) seA ajeapoN 181119842 AI-INSQ 99¢ vsn [eauld ‘Ynpy 26002 '18 38 N\
SOA V/IN alos ell vSN uonejndod etauab ‘npy 1002 '[e 18 aidsa| |19
EIN VIN Al-SIavany 219z vsn (0¥vS3N) uoneindod |esaush Unpy | 2002 lemesBy pue Asxsuk
SA aJeIapo VS-1aID T4 vsn [EOIUID ‘YNPY 002 "[e 18 Jayonquabue
Jumoys A1l euoisuswipiun | oUolew.IojUl Yead gruswnIsul onsoubelq 9z1s a|dwes Anunod 23041 Asnunsysidwes Jesh ‘saoyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 32

Shmulewitz et al.

“Jaded ayy ur Ajuo1jdxa uo payiodal Jou sem uolyewogul (syebaibbe) [e101 10 UMOYS alem

SAAIND UOIBLIOJUI [£10] OU 1By Ssa1edlpul /N “1aybiy 1o Ueal ay) 8A0GE SUOIBIASP PJepUE]S G'T PUNOJE ‘81aA3s-01-81LIapoW $(0) WNNUIUOD 8yl JO Uesll 8U) puno.e ‘a1esspou :UoITewIoul 1sa1esal Jo eale,
slaplosiq [eusN

pUE 90UBISONS J0J MBIAIBIU| U2Jeasay JLIIRIYIASY (NSIHd ‘WSI|OYOI|Y JO SI1IBUSS) 8} JOJ JUBWSSASSY PaJnioniS-1Wes :WOWSS ‘Al-3[NPayds MaIAIRIU| SalljIqesid PaleIoossy pue Japlosid asn [0Yod|y
AI-SIAVANY (NS 8Y3 10} MBIAIBIU| [8IIUN]D PRINIONAS :dIDS ‘9INPOIN 8SNQY 90UBISNS - MBIAIBIU| dnsoubelq [euoiteussiu] susodwo) JNVS-1aID uswnasul disoubelp Joj pasn m%:m_?m:g%Q

(s0ur14) uonesedaid asuajaq Jo Aeq ayi Burinp uondwnsuo) pue yieaH uo ASAINS :dddDHS {(SN) WSI|OYod|V JO SI1IBUSD 8y} U0 APNIS aAITRIOMR||0D YD OD W00y
Aouabiawg 43 ((J1zelg) Aanins yyeaH A11oebajn ojned 0eS :SHINCS :(elfensny) Buiag-11ap pue yijesH [eluaiA 4o A3AInS euoiieN :dMHIASN ((SN) yieaH pue asn Bnig uo Asaing [euonieN :HNASN
‘(sn) Aanins a1bojorwapid3 joyod|y euipniibuo feuoneN :SIVIN (SN) suonipuoD pare|ay pue [0Yody uo AsAIng [eaibojolwapidl jeuoneN :DHvSAN :S8dA1 Asains/ajdures o) pasn mco_%_>m5%w

SOA VIN WVS-1aID 29T vsn }npe BunoA Jusoss|opy ¥T0Z '[e 19 Jnouapry
SaA | 8Jonss-01-81eIBPOIN Al-SIavany 99 vsn (0YvSaN) uone|ndod essusb ‘Unpy TT0Z ‘e 18 8fpruiay
SOA VIN AI-SId 6.C vsn [BIIUIND JUBISI|OPY 0T0Z '[e 19 Uoulad
SOA VIN Al-Slavany 8zL vsn (0YvS3N) uoneindod essusb Ynpy | 200z [emelby pue Asxsuk
SLINVIVHNI
(uen) TOET
SIA | 9I9A3S-0}-d)eI3POIN Al-SIavany ‘(pas) 609T vsn (0¥vs3N) uonejndod [eiauab ‘}npy 2102 ‘[e 18 BYES
SOA VIN aios s vsn uonejndod [esauab ‘Ynpy 00z "[e 18 81dsa| 19
(uen) /8¥T
SOA VIN Al-Slavany ‘(pas) 9681 vsn (0YvS3N) uoneindod essuab ‘Ynpy | 2002 [emelBy pue Asxsukd
SY3ZITINONVYL/SIAILYATS
S8\ | @lenss-01-01RIZPON Al-SIavany 912 vsn (0¥vS3N) uonejndod [esausb ‘Ynpy TTOZ '[& 10 3BpLud)|
(HNASN)
SoA | 949nas-01-81eI9pOIN JusWwINIISUI 213198ds-AdAINS 8YGT vSnN uoneindod [eauab Juadssjopy 0T0Z ‘[e 1 N\
SOA VIN aios €79 vsn uopre|ndod [essush ‘ynpy 100 "[e 18 a1dsa|19
SOA VIN Al-Siavany Gese vsn (0YvS3N) uoneindod essusb Ynpy | 2002 [emelBy pue Asxsukd
SNIOONIONTIVH
(s0udpuadap) saA VIN ISIPO3UD AI-INSA 344 vsn [EIIUID “YNPY €102 1238 N\
SOA VIN Al-Slavany G187 vsn (0YvSaN) uone|ndod essusb Unpy 2102 "B 18 YRS
SOA 3JeIBPOIN INSIYd 9 vsn [EIIUID “YNPY 2102 |2 19 uIseH
SOA VIN jusWInsul 913198ds-A8AINg 28z vsn (HNA@sN) uoneindod fessush Ynpy TTOZ ‘1238 N
(souspuadap) seA ajelapolN 181119342 AI-INSQ ¥S€ vsn [e21U11d NPy ©6002 ‘1€ 38 M
Jumoys A1l euoisuswipiun | oUolew.IojUl Yead gruswnIsul onsoubelq 9z1s a|dwes Anunod 23041 Asnunsysidwes Jesh ‘saoyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 33

Shmulewitz et al.

Author Manuscript

Buinern asn snopJezeH ‘gv
eV-1IvV 103u02INO ¥ Buinesn
/a-1a palsal 10N aoueJs|0L '1a asn snopJezeH gV 6 BTTOZ ‘[e 19 UOIMBIN
Buinesn Buinen SUON QUON 8 RTTOZ '|e 18 Sa/ka)
[euostad/[e1a0s g
|eaibojoyaAsd/edisAud “,a
EV-TV juads awil ‘5@
,a-1Q ddueJs|oL T SUON [euosiad/[e100S gV L 0TO0Z ‘[e 18 ZUMBINWYS
Buinesn $9]04 199|63N TV
EV-IV jonuodand va
,a-1Q lemeIpylmn 2a pasal 10N paisal J0N 9 0TOZ "[e 38 [3udiayd
Jeuostad/|e1a0s gV
$9]04 198]63N TV
juads awil ‘sa
[0u0dMNd ¥A
EV-Iv J1abuo)/sebre €@
,a-1Q lemelpyimn 2a pa1sal 10N paisal J0N S 0TOZ '[e 18 sabiog
La-1Q 8UON 3UON 8UON 14 46002 ‘1e 18 N\
asn snopJezeH "2V
$9]04 103|6N TV
asn snopsezeH ‘'zv | 1ea1bojoydAsd/iedisAud ,.d
$39]04 199|63N TV dn uanib sanIAROY ‘9
[ea1BojoyaAsd/|ealsAyd *.a juads swi] 'sa
dn uanib senIAndY '9Q 101u02/INO '¥a
josu0opnd A J1abuoyiebre 'ea
[eMeIPUYIAN "2a [eMBIPYNAN 2a
V-V 9oueIs|0L ‘1A aoueJs|oL ‘1d asn snopJezeH gV
La-1d (xas Aq) (xes Aq) | reo1Bojoyohsd(eatshud “2a € 6002 ‘e 18 pJojieH
9104 199]08N TV
dn uanib sanIAROY '9Q
juads swi] ‘'sq |euos.tad/|e1o0s ‘e
asn snopJezeH 'gv 1013u09INO ¥a asn snopJezeH gy
Jjonuodnd va Jabuoy/sebre €@ $9]01 103108N TV
V-1V Jabuoj/iebre ‘eq lemelpyiipA ‘za Jabuoj/ieble 'ea
La-1Q aduess|ol ‘1A doueIs|OL "TA [eMeIpYlM "2a 4 9002 ‘Ie 13 eyes
asM shopJezeH 2y
EV-IV [ea1BojoyaAsd/ledlsAyd *.a
.a-1d pa1sal 10N pa1sal JON dn uanib seniAndY 9a T 900¢ ‘[e 18 uleN
TOHOD TV
palsal elIdlID A101Uy19/90RY aby Xas _ # Apms _ Jeak ‘saoyiny

BLIBILID J9PIOSI SN 2UBISANS G-INSA/AI-INSA 403 (41@) Buruonouny wal [enuaiayia

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 34

Shmulewitz et al.

eV-TV juads awi] 'sq [eaibojoyaAsd/eaishuyd “,a
/d-£d ‘1@ 9oueIs|0L ‘1A paisal 10N JaBuoypiebre gq 6T 2102 ‘e 18 N\
Buineio
|euosiad/[e100s eV
asn snopJezeH gy
$9104 199]0aN TV
[ea1bojoyohsdyjeatshyd "2a
Buinesn dn uanib saniAndY ‘9
V-V juads awil ‘sd
/d-€d‘td 8UON 8ouess|ol ‘1a 8UON 4 2702 '|e 18 uiseH
V-1V [emespynm ‘ca
,a-1Q paisal J0N pa1sal 10N 3duess|oL ‘1A 8T TTOZ ‘Ie 18 ¥aiuold
V-1V
La-1Q paisal 10N 3UON paisal 10N LT 0TOZ ‘Ie 18 UOIMSIN
/d-1d 8UON BUON SUON 14 g600¢ ‘Ie 13 N\
V-V asn snopJezeH gV
/a-€a'tq paisal 10N pajsal JoN | [eatBojoydhsd/ledtsAud *2a T 9002 "2 18 UIe
SIVNNVYO
Buineso
Buinesn 1e2160]0ydAsd/Iea1sAyd "/a
EV-TIV 101u02AINO YA
/a-1a paisal J0N [emelpylim 2d lemelpyim 2a 9T | GTOC ‘|e 18 BleA-1[|Splelsed
JeuosJad/[e1o0s gy
asn snopJezeH "2y
[ea1BojoyAsd/eatsAyd '.a
juads swi] ‘s
eVv-IvV j0u00Ind va $9]01 103]68N TV
/a-1a paise) 10N 90ueJs|0L ‘1A JaBuojpiebre €q ST €102 ‘[e 19 S1gJany]
Buinern asn snopJezeH 'gv
EV-IV [ou0dMnd ¥a
/a-1a 90ueIs|0L ‘1A 103u09AINO ¥A asn snopJezeH gV A 2102 ‘|e 18 A8seD
asn snopJezeH gV
EV-TvV $9]04 199163N TV
,a-1Q paisal J0N Pa1s8) 10N aoueJs|OL 'TA €1 2102 ‘e 18 a1y3
Buinesd
V-1V
,a-1Q 3UON 3UON 3UON 4 2102 'le 18 uiseH
V-V asn snopJezeH gy asn snopJezeH gV
/da-1a pa1sal 10N aoueJslol 'Td dn uanIb seANdY '9Q T TTOC ‘e 18 13pID
Buinesd asn snopJezeH gV
V-1V jou09/nd A SUON
La-1d palsal JON 8oueJsI0L 'TA (obe Aq) 01 qTTOZ ‘[ 19 UoMBIN
pa3sal elIslID A101uy19/30EY aby xas | #Apnis Jeak ‘saoyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 35

Shmulewitz et al.

La-1Q 3UON 3UON 3UON 1Z ©600¢ ‘[e 18 N\
EV-TV | [ed1BojoyoAsd/redtsAud 2a
La-1Q juads awil 'sa 3UON [emelpyi za 12 96002 '[e 18 "W\
Saloldo
JeuosJad/[e1aos gy
Buinesd 101u09AIN0 YA
EV-TvV Jabuoysebre 'ea
La-1Q palsel 10N 30ueJs|oL ‘1A palse} 10N 9 2102 “e 18 Bunyd
10u0dMNY va
Buines [emelpylM ¢d
La-1Q paisal 10N 30ueJs|oL ‘1A paisal 10N °14 2702 '[e 39 Buons
Buinesd
V-V Buinesn asn snopJezeH "2y 3UON vz TT0Z ‘[e 18 ZUMBINWYS
[ea1bojoyohsdyeatshyd "2a
dn uanib saniAndY ‘9
juads awi] ‘s
1013u02AINd ¥A
,a-1a palsel 10N [emelpyimn za palsel 10N €¢ 0T0Z ‘[ 19 8pUFIN
020vdOoLl
Buinesn
EV-TIV asn snopJezeH ‘v
.d-1d paissl lON 8dueJs|oL 'TA lemelpyim ca [44 ¥T0¢C ‘[e 18 18p|1D
aulweRydwreylew Jo auredin)d
|euosiad/|e1a0s ey
asn snopJezeH 'gv
$9]04 193]63N TV
[ea1Bojoyohsdyeatshyd 2a
dn uanib senIANdY "9
juads awi] 'sq
[0u0dMNd ¥A
Buinesn Jabuoy/iabre €@
V-1V [emespyim ‘za
/a-1a 8ouess|ol ‘1d 8UON 8UON 4 2702 e 18 uiseH
dn uanib senIAndY '9Q
,a-1Q 3duess|oL ‘1A 3UON 3UON 1Z ©600¢ ‘[e 18 N\
aume0)
SINVINNILS
Jeuostad/[e1a0s gV
asn snopJezeH 'gv
$9]04 199|63N TV
ev-TV | [eo1Bojoyohsd/redtsAud 2a
,a-1Q leMeIpylAn “2a pa1sal 10N paisal 10N (014 €102 '|e 19 18z19
pa3sal elIslID A101uy19/30EY aby xas | #Apnis Jeak ‘saoyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 36

Shmulewitz et al.

“(TT0Z e 18 30pLUSX) siuefeyul ((ZT0Z “[e 19 BYeS) siazijinbuely/saniepss ((TT0Z e

19 9bp1LIayy) susbouronifey {(zToz I8 10 eyes) spioido {(0T0Z “'Ie 18 eyes) 029eqo} ((€T0Z “"Ie 18 J8bulliag ‘210z [e 19 eyeS) auledod) ‘(zToz “Ie 10 eyes) ssuiwelaydwe) syueinwins {(£T0z “[e 10 Jabuliag
‘6002 ‘I 18 uoxdwo) ‘qe00Z ““1e 18 NAN) siqeuurd (ST0z “[e 18 Jebuliad ‘200z [ 18 BYeS) |0Y0d[e :UOLIS1LIO Yoes 10} S}Nsal 4] 1Modal Jou pIp pue ‘18s BLIS)LIO 8111ud ay) Jo Buiuonouny [enualayip

01 P3| 41 UOLIBIID BY} JI BUIWIAIAP 0} AJUO INQ UOLIBIIID Ydea 1oy 4] palsal salpnis Buimol|oy ay L Buinel) {Jeuosiad/|e1o0s (€ ‘ash snopJezey iz ‘s8]0 198]0au (Y :asnqy Al-INSQ ‘[ed16ojoydaAsd
/leatsAud :2@ ‘dn uanib saniAne :9Q ‘uads awn ;@ ‘josuodmnb Q ‘1ebuoj/iabiel :£qQ ‘femelpyNM :ZQ ‘8oueIs|ol iTQ ‘8ouspuadap AI-INSQA :BuIMO||0) Se paiaquunu 8. eLIa}ID A11IaASS JBpIOSIP

uo |aAs] awres ay) 1e ‘sdnoibigns a1ydesBowap ayy ul (JUSWSSIOPUS JO POOYIISXI| JUBIBLIP aARY) Salew1lse A11IaAas Jualadip Ajuediyiubis Moys eLIglLIO sy Jeyl saledalpul Buiuoiouny wall [enuaiayiq :Sa1oN

asn snopJezeH "2y
V-1V juads awil ‘sa
/a-€a‘1d aoueIs|oL TA $9104 109|BaN TV asn snopJezeH 7V 8¢ 0TOZ ‘I 18 N\
SNIOONIONTIVH
Buinesd
V-1V
,a-1d 9UON SUON 8UON 4 2102 ‘|e 18 uiseH
Pa1sa) elIdlID A1101uY18/908Y aby xas | #Apnis Jeak ‘sioyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 37

Shmulewitz et al.

A

Buneams

‘uonoaleojid

(a1e4 asnd 1se} ‘Buiyeams) ‘uonre|ip
AnanoeladAy olwouoine A Arepdnd A

(Jowan puey) A

(1oywoasip
asnea uaym) wordwAs
auo se pajunod Auy A

SHIYd
1anay
(a1e4 Bs|nd 1584 ‘BuIyRaMS)
AuanoesadAy olwouoine A Buneams

(Jowan puey) A

SI0WaI)/SsauIeys

ured jeuiwopge

swoydwAs jearsAyd

Burresuasuod Aynaiip

a

anbiey

(ouoydsAp) A

(passaidap) A

(ouoydsAp) A

(passaidap) A

sabueyd poon

2 BurtumeA
» eayLelp
A eayLIoulys ‘uorrewLioe|
Va L SSBUSSHISAl
(ssoj yBram
(sm1adde paseatour) A (smadde paseatour) A ‘a)iadde pasealdsp) A anaddenybiam ul sabueyd
(uonrensniy 1o) A (uoissaibbe i0) A Jabue ‘Aygeinn
(fewpuesf) A (21u012-01U0) pazijesauab) A sainzies
2 2 (ssausnoniau 10) A s Avixue
(uonenbe) A (uonenbe ‘uonepieial) A (uonenbe) A sabueyo JojowoyoAsd
suolyeuron|ey Aloypne
A A ‘311308 ‘[ensiA Jualsuel)
» r A Buniwon ‘easneu
’r swealp Juesesjdun ‘pIAIA
(sweaup Buignisip
(eluwosur) A (etuwosur) A (eluwosur) A (eluwosiadAy ‘eluowsur) A ‘eluwosur) A (euwosur) A swajqoud das|s
59sn pabuojoud a0 Aneay ul uo1ONPaJ J0 JO UoIyesssd Jsiye Buluuifaq ‘swoidwAs femelpyian
sJazijinbue.l/seaepas osploldo 0098q0L gsiuenuns sigeuued 10409V

Author Manuscript

(9002 ““Je 18 UISeH ‘STOZ ‘UOIIRIV0SSY JLIIRIYIASH URJLISWY) W01 ',S82URISgNS $S0198 SO1IS1Ia10RIRYD [eMRIPYUIAA

G 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 38

Shmulewitz et al.

1s1uoBe pio1do Jo uoneAsIuIWPe J8lye ulfag OS[e Ued [BMRIPYNIM ‘G-INSA Ul Se ‘siayio ‘solsableue ‘ulolay sspnjour,

G-NSQ@ Ul Se ‘s30uBlsgns pajejal pue saullelayduie ‘auresod sapnjoul

q

sjuejeyul Jo suaBouronjjey 1oy papnjoul Jou si [eMEIPLAIA,,

syuow 1oy 1se|
ued (eluwosul

syuow ‘eroydsAp)
[eJanss 10} 1Se| Ued ‘yiuow swoydwAs syiuow 9—¢ 1se|
e ‘Bunoe Buoj ‘shkep G— 21U0IYD (0t0Z sAep og < swajqo.d UBd UOIIUNYSAP d1WouoINe
‘saoueIsgns Bunoe 1oys >99M 3UQ SYeam €-¢ ““[e 19 2110Z) S398M Z—T daajs ‘syeam g-T ‘eluwosul ‘AaIxue :sAep G— uoneing
(adAy Bnup
(sdfy uo spuadap)
Bnup uo spuadap) sAep sAep [e1aA8s 0}
M3} B 0} SINOY [BJBASS |  SaINUIW [eIansS sinoy g sAep [eJanss 0} SIN0Y Moo 99M 3UO UIYNIAA sAep ma} e 0} SINOY [eJanaS 195UQ
awreuy awi ]
(poow paJinbai
4 € ¥ ouoydsAp aqg Isnwi auo) € € b4 swoldwAs Jo JaquinN
A Sayoe 9JasNIN
sayoepeay
siazijinbue.y/saaepas osploido 0008q01 gsiuenuns sigqeuued 10409V

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 39

Shmulewitz et al.

an pasealoul
UM PaTeId0sse ash JO 18suo AjJe T2 > %EY VT > %/ %00T 8908 Siqeuued pasn Jans ‘snpy (D¥vS3N) AsnIns [euoneN ¥T0Z '[9 1S 97
(ueaw) £'67-6'8T (ueaw) 2°91 %001 162€ ano e yum synpy (0YVSaN) Asruns [euoneN €102 '|e 38 Uy
aouspuadap aured0d ‘sigeuued
6¢ = Juswiyeal) 1s11y Je abe ues| (uesw) 1°GT /N e 10} s[eL [edtu]d ul synpy a|dwes [eaiu|o 2702 "|e 19 AsloH
/N (ueaw) €97 %00T €192 sJasn siqeuued Juanbaly }Npy (D¥vS3N) Asnins [euoneN 8002 '[® 18 UIseH
ano paseasoul (ysreaH ppv)
UM PaJeId0SSe asn JO 18suo Jaljeg d/N /N 00G'ST s}inpe BunoA Aanuns [euipnyibuoy jeuoneN ¥T0Z '1e 18 YonsiageH
(34va
d/IN (ueaw) G'8T d/N 81 synpe BunoA ‘syusdssjopy 108l01d) ajdwes Ajunwwo) 00z ‘le 18 Aioj4
I9VNNVYO
asn Bnip (syruow slasn Bnup (Apms a16ojorwapid3 AIH
uonaalur paroipaid Burup 4o 18suo Ajre3 (ueaw) 9vI-'E€T 91sed) %T' T, 159 1U3.LIND ‘S NPe ‘S)U8ISA|0PY -0dN3N) ajdwes Aunwwod 2102 '1e 18 zualL
%6€-9%0€ ‘swoldwAs anv (uesw) 6'9T7 - 8'GT %88—%6.L 18L€ S1Us3S3|0pY Apnis uimy sjews4 €T0¢ '[e 18 JoLes
(uerpaw) 0°GT
S13SN JO 94GT :89Uapuadap Jo aduafenald (ueaw) 9'yT /N 065 S1uadsajopY (¥va3o) Apnis feurpnufbuo] 9002 '[e 18 Inouapry
aouspuadap pue asnae
UM PaJeId0sse Jasuo Buijuip Jaijies (ueaw) T7°ST %00T 17474 (7 anepn) sinpy (ysreaH ppv) Aonung [euoneN ¥T0Z '[e 18 SSON
aouspuadap 10J eLIBILID
18W S13SN JO 95/ T ‘8ouspuadap paseaoul 1102
UMM pajerdosse Jou (T >) 1esuo Al T 810J90 %8 %00T 10682 (1oyoye pasn 4anv) sNpY (0"VS3N) Aonuns euoneN ‘e 18 ossuINd-zado
6002
anv Aue 1oy abe ueipaw ‘1z 96y (ueipaw) /T-9T %L'T6 2695 sHnpY (4-SON) Asnung [euoneN ‘le 19 uetlpAerey
T23%9€ ‘0261
18 %GT ‘8T—LT 1 %8¢
SANV pasealoul '9T-GT 18 %LT ‘WIS 600¢
UM paleldosse 1asuo Bujuup Jaijteq uebiaq $13sn 40 %/ d/N £G96€ (z anepn) syNpY (D"WVS3AN) AaAuns [euoneN ‘eyz pue uosbuiH
T22%8C ‘0267
e %ST ‘8T—LT 18 %2E
aouapuadap pasealoul ‘9T-GT 18 %/T 7T
YIIM pajeldosse 1asuo Bupjuup Jaijteg S uefaq $13sn JO %6 H/IN €60V (T anepn) sHNpY (0"VvS3aN) Asnuns [euoneN 9002 ‘[ 18 uosbuiH
/N (ofe uesw) z'€T /N 6€6 S)URVS3|0PY a|dwes [eaiu|o £T0T '[e 18 UsxdeIg
TTOHOO1V
gapaosip 0) abe
1o diysuoire|al 4aposip 40 sousfensld asM 18414 o aby (%) asn awnay N uolre|ndod efpms 1eaA ‘sioyiny

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.

195U0 1e abe JapJosIp ‘asn JO aduajenald :Sarel1s pallun aYl Ul SISPJOSIP asn pue asn aodurisans Jo ABojolwapid3

9 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 40

Shmulewitz et al.

aouspuadap
paoipaid (15) 1esuo Bumyous Jsijies (ueaw) /T %00T Svey (¥ anem) sunpy (yaresH ppv) Aening JeuoneN ¥T0Z "2 18 SSON
9ouapuadap 10} LIS
19W $43SN JO %49 ‘douspuadap pasealoul 90UO 1SB3| 1102
UMM pajeroosse (T >) jasuo Ajreg T > %TE %00T 8T6GT Je 0208(0} Pasn oYM s)|npe (0YVS3N) Aenans feuoneN ‘e 18 0JapIND-z8do
022vdaoLl
(ueaw) T°T€-5'22 (ueaw) 8€2-6'8T d/IN 986 sHnpy ajdwes [ealuIlD 102 "[e 18 loMes
(ueipaw) 0'8T
S1aSN JO 94T :90uapuadap J0 aousfenald (ueaw) T°8T d/N 065 S1UBDSA0PY (dwa3ao) Apnis eurpnubuo] 9002 ‘[ 18 Jnouapiy
Sdloldo
dN| 10} BLIBIIO J8W SI9SN JO %GBT (ueaw) G271 %L'T €60'EY sHnpy (0YvS3N) Aenans feuoneN 8002 ‘[e 18 N\
(ueaw) (ueipaw) 39U0 15e3|
8'9T :30uapuadaq ‘(uesw) /T :asnqy 2'9T ‘(uesw) G'/T %00T 99 Je sjue[eyUI Pasn OyMm synpe (0YWVS3N) Aenins [euoreN 6002 ‘[e 18 UoJad
SINVIVHNI
(ueaw) ee-9'ze (ueaw) 9'zz-T'6T /N 9786 sHnpy ajdwes [ea1ullD ¥TOZ ‘[e 19 JoMes
(uerpaw)
$19sN 40 047z :9ouUspuUadap JO adusjensld G'gT ‘(uesw) 6'8T H/N 065 S1US8|0pY (4va3D) Apmis Jeutpnyibuo] 9002 ‘Ie 19 Inouapiy
aouspuadap 10j eLIBILID
19W $13SN JO 95/ T ‘9ouspuadap pasesldsp 90UO 1SB3| 1102
UM pajeldosse (T >) 19suo asn AjJe3 ¥T > %2 %00T 6522 1€ 3UIBJ0D Pasn OYM Sjnpe (0"WVS3AN) Asnuns [euoneN ‘[e 18 04auIN®-zado]
aouapuadap
2UIL209 10 SIqeuued J0} SfeL
(yuswyean 18114 1e abe ueaw) £'ve (uesw) 6°02 /N we [ed1u1]2 Ul pajjoua syusleding a|dwes [eauno 2702 '|e 19 AsloH
d/N (ueaw) T'ST /N 6£6 STIEREET[o]o)V a)dwes [eaund €T0Z '[e 18 uayoeIg
3INIVOOD
asn Bnip uonoalui Jusdal (asn yuow slasn Bnup (Apms a16ojo1wapid3 AIH
101paid J0u pIp 8sN Siqeuued Jo 18suo Ale3 (uesw) 0°'ST-V'ET -9 15ed) %¥'2S 159 1U3.1IND ‘S Npe ‘JU8Iss|0pY -0dN3N) ajdwes Anunwwod 2102 ‘le 19 zuail
%6°L2-%6'T¢ swoidwAs and (ueaw) 97 %L 67—%V 7y 18LE DIEENEE] (Vo) v Apnis uimi sfewao €T0C '|e 19 JoueS
(uerpaw)
S1asN JO 049T :80uspuadap JO aous[eAsld G'GT ‘(ueaw) /°ST H/IN 06S S1U3DS30PY (4wa3d) Apnis jeurpnubuo] 9002 ‘[ 18 Jnouapiy
9ouapuadap pue asnge pasesloul Yim
payeloosse asn siqeuues JO 19sUo Jaieq (ueaw) 9T %00T 1747 (7 anepn) synpy (ysreaH ppv) Aonung [euoneN ¥T0Z ‘18 18 SSON
9ouapuadap 10} LIS
19W SJasN JO 95/ ‘8duspuadap pasealosp 1102
UM PaleIdosSe (T >) 18suo Aeg T > %iT %00T 68€L SIqeUURD Pasn JaAs ‘s)Npy (D"WVS3AN) AaAuns [euoneN ‘[e 18 0JauIN®-zado]
gepJosip 01 abe
10 diysuoire|as 4apaosip Jo sous|ensld 3sM 15414 Jo aby (9%) asn awnay N uolre|ndod ghpms JesA ‘sioyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2016 November 04.

in

available

Alcohol Clin Exp Res. Author manuscript.



Page 41

Shmulewitz et al.

19pJ0sIp asn Juejeyul Aue :an| ‘48paosip asn siqeuueds Aue :gno ‘(souspuadap 0 asnge) JapIosip asn joyode Aue :aNy :2dA1 JapIosIp 10y pasn UOHEBIABIGYR

q

(sn) uoneanp3 souelsisay asnay Bnia :3uvd 198foid ‘(wSN) Yoreasay asngy Bnig pue uoneanp3 Joy JaIuad :HYAID (WSN) UHEaH NPy 01 1Ua9Sa|OpY J0 ApMmS [eulpniibuo euoneN

“pIeaH ppY :(vSn) uonedliday AeAIng AIpIGIoI0D [eUolEN 4-SON ‘(WSN) SUONIPUOD ate|ay Pue [04od]y Uo Asning [ealBojoiuapid3 [euoleN :0¥VSIN :3d/1 Apris aup auuap o} pasn suoneinaIaqe,

panoday 10N :H/N

asn Bnip uonoalul Jusdal 1o1paid

%¢'68

slasn Bnup

(Apms 2160jo1wapid3 AIH

10U pIp (S183A GT>) Bupjows o 38suo Ajeg (ueaw) 0°'GT-2'€T 1SN Yjuow-9 1sed 159 JU3.LIND ‘S}Npe ‘Jusdss|opy -0dN3N) ajdwes Aunwwod 2102 '1e 18 zualL
(ueipaw)
S1asn JO 048 :8ouspuadap Jo aouajensld GyT ‘(uesw) Gy T H/IN 06S S1U3DS30PY (4wa3o) Apnis jeurpnubuo] 9002 ‘[ 18 Jnouapiy
gepJosip 01 abe
Jo diysuoire|al 4apJosip J0 8duafenald asn 15414 Jo aby (9%0) 8sn awnayi N uoire|ndod efpms JeaA ‘sioyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



Page 42

Shmulewitz et al.

(0002 ‘U01ILID0SSY J111BIYIASH URILIBWY) poliad yluow aAjam) e ulylim Jayiahol Hurlinddo euslo asuapuadap aiow Jo € Jo aouasald Aq pasoubelp souspuadap >_._>_mn_u

(0002 ‘U01RI0SSY JLIIRIYIASH UBILIBLIY) 0228G0) 10} /N ‘8ouspusdap JO 82Ussqe sy} Ul e1I)LId 8snge 810w Jo T Jo aouasaid Aq pasoubeip asnge Al-NSA

q

pasn AjaJel A1an ataym (Jnus ‘039eqo) Buimayo ‘sief1o) swiioy Jayio aduls ‘Ajuo asn axaebio :099eqo, _.m

ST 6°GT [44 0 VLT 991 0'G¢ ST €e—¢1 €L 8'q suaBouton|eH
8T L'ET €¢ 700 L'ST €qr LT €0 9e-L 29T LT Sjuejeyu|
6'LT 8'LT €9 €0 VLT LT €0¢ TT 19-8 ¥'6T 'S s19ziInbuesy/saniepas
¥'8T 08T 98 0 6°LT 6°LT §€C 7 19-07 V6T 67 sproido
59z LT g€ LT VIN VIN VIN VIN 16-9 €T 6'9v p0o9edoL
L'8T 99T 0€T 90 781 LT T'oe Vi 9e-T1 VLT L'y sjue[nwins
6'T¢ L'6T 09T 0T A4 €61 8'6¢ 81 €1 861 29 auresod
9'LT 0'GT €9 €T ST 6'ST 8'v¢e L LE-6 99T 90¢ Siqeuued
¥'0¢ 291 TST AN 961 LT §T¢ 8T -8 81 L'28 104yod|v
195U0 395U0
eouspuadap | sy e | esnsly (966-96T) 36U | VEIPOIN | a5, ooy 06 souzisans
abe uelpa|\ uelIpaN s1asn Buowy | 18s 3]0y uelIpaN uelpa\ slasn Buowy | 198s ajoym asn 15414 Jo aby
2ouapuadap asnge
am 8504y Buowy 599Uapuadap awnsy % yam asoyy Buowy qPSNAY WS %

(£60'€7=N) DHWVSIN 81 10 T SABAA Ul ‘SI9PIOSIP PUE 3sn JO 18SUO JO abe ‘S1aplosIp Al-NSA PUR asn adueIsqns awiall] JO 80Us|eAdld

Author Manuscript

L 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; available in PMC 2016 November 04.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Shmulewitz et al.

Table 8
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Prevalence of lifetime substance use and age of onset of use and disorders, among adult respondents (age 18
and above), in NSDUH 2013 (N=37,424)

% Lifetime use

Age at First Use, Median

1% — 99% of age at first use

Alcohol 86.8% 16.3 6-32
Cannabis 46.9% 16.5 9-41
Cocaine 15.8% 19.7 12-44
Stimulants 8.3% 18.4 12-45
Tobacco (cigarettes) 66.7% 15.2 6-30
Opioids 2.1% 19.9 8-54
Sedatives/tranquilizers 9.7% 20.2 11-60
Inhalants 8.3% 16.8 7-39
Hallucinogens 16.7% 17.7 12-41
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