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a b s t r a c t

Questions relevant to DSM-V alcohol use disorders (AUD) include whether dimensional measures pro-
vide more information than categorical diagnoses, whether to combine abuse and dependence criteria,
and whether to add a new diagnostic criterion, binge drinking. Binary and dimensional models of three
versions of AUD criteria were investigated: (1) dependence criteria; (2) abuse and dependence crite-
ria combined; and (3) abuse and dependence criteria combined with a binge drinking criterion added.
In a national sample of lifetime drinkers (N = 27,324), these models of AUD criteria were investigated
in relation to two well-established risk factors for AUD, family history and early drinking onset. Logis-
tic or Poisson regression modeled the relationships between the validating variables and dependence
in categorical, dimensional and hybrid forms; Wald tests were used to assess differences between the
dimensional, categorical and hybrid models. Alcohol dependence criteria represented a single continuum
(family history Wald = 9.93, p = 0.13; early drinking Wald = 7.62, p = 0.27) with no support for a categorical
or hybrid version of alcohol dependence. Adding four abuse criteria produced similar results for family

history (Wald = 15.4, p = 0.12) although with early drinking, this model showed a trend towards deviating
from the data (Wald = 16.7, p = 0.08). No support was found for any diagnostic threshold at 3, 4, 5, 6, or
7 criteria when abuse and dependence were combined. Adding binge drinking resulted in a significant
departure from linearity for family history (Wald = 21.8, p = 0.03) and early drinking (Wald = 23.9, p = 0.01).
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. Introduction

.1. Reliable and valid measures

Reliable, valid and maximally informative measures are essen-
ial for research. DSM-IV has provided diagnostic criteria for
sychiatric disorders that can be used consistently across disci-
lines for many purposes. However, research developments and
xperience with DSM-IV have raised issues about DSM-IV criteria
ow under consideration regarding DSM-V. These include whether
iagnoses should have a dimensional representation, whether dis-

rders with related criteria should be consolidated into single
isorders, and whether adding new criteria will improve reliability
nd validity of a particular diagnosis or its dimensional representa-
ion. These issues all apply to DSM-IV alcohol use disorders (AUD).
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ence and abuse criteria met should be explored further as a useful AUD
.

© 2008 Published by Elsevier Ireland Ltd.

.1.1. Issue 1: Dimensional representation. The basis of DSM-III-R
nd DSM-IV alcohol dependence criteria (Rounsaville et al., 1986)
as the Alcohol Dependence Syndrome (Edwards and Gross, 1976),
dimensional construct representing impaired control over drink-

ng. In DSM-IV, alcohol dependence is binary, with no provision
or a severity indicator. If a given disorder has an inherent sever-
ty grading, then etiologic research using dichotomized measures
f that disorder based on artificially imposed thresholds will cause
oss of potentially important information, increasing the difficulty
f identifying etiologic factors. The validity of dimensional repre-
entations of many disorders, including alcohol use disorders, are
urrently under study as additions to DSM-V (Helzer et al., 2006).

.1.2. Issue 2: Combining highly related disorders. In theory, the ADS
s a psychobiological process that leads to impaired control over

ersistent, heavy drinking. The causes of this impaired control
re considered to be different from the causes of drinking con-
equences such as interpersonal problems (Edwards and Gross,
976). DSM-IV operationalized dependence and abuse (drinking
onsequences) as two separate and hierarchical disorders, with

http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
mailto:dsh2@columbia.edu
dx.doi.org/10.1016/j.drugalcdep.2008.10.025
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ependence taking precedence over abuse if criteria for both are
et. However, questions for DSM-V include the validity of the hier-

rchical division of alcohol disorders into dependence and abuse,
nd whether the two disorders should be combined or kept sepa-
ate (Hasin et al., 2006a; Schuckit and Saunders, 2006).

.1.3. Issue 3: Adding a new criterion. A set of diagnostic criteria lack-
ng important elements will be less sensitive or specific than a set
ncorporating all relevant elements, and hence, identification and
ddition of such elements is important. However, there are two
mportant reasons not to add new criteria. The first is the need to
eep criteria sets easier to use for clinicians. As has been stated
reviously, “the optimal criteria are those that are easy to remem-
er and which can be evaluated without exceptional efforts. . .or
hey will be ignored in clinical settings” (Schuckit, in Hasin et al.,
003, p. 250). The more criteria included for a diagnosis of a partic-
lar disorder, the more difficult the set will be to remember and the
ore effort will be required in evaluation of the criteria. The second

eason is that criteria added without consistent evidence support-
ng their validity may be invalid. Invalid criteria will reduce the
eliability and validity of the entire criteria set, and may introduce
nwanted heterogeneity in groups defined by the criteria. Thus,
hen new criteria are proposed as additions to existing sets, their

ffect on the psychometric performance of the entire criteria set
equires scrutiny. For alcohol use disorders, such a proposed crite-
ion is binge drinking, defined as five or more drinks per occasion
t least weekly for men, and four or more drinks for women (Saha
t al., 2007; Li et al., 2007).

.2. Different approaches to address psychometric properties

Different approaches have been used to address the psycho-
etric properties of abuse and dependence and the structure and

elationship of the criteria to each other (Hasin et al., 2006b; Helzer
t al., 2007). These have included test–retest reliability studies, lon-
itudinal studies, factor analyses, latent class analyses (LCA), item
esponse theory (IRT) analyses and mixture modeling.

.2.1. Test–retest studies. Test–retest reliability studies show
hether two conditions differ in their reliability. Many studies

howed very good to excellent reliability of alcohol dependence
Hasin et al., 2006a), but the reliability of abuse was often
omewhat or substantially lower than dependence, suggesting a
istinction between the disorders.

.2.2. Longitudinal studies. When one disorder is consistently pro-
romal to a second disorder and the disorders share a similar
ourse, little reason exists to keep the disorders separate. Longitu-
inal studies of alcohol abuse and dependence consistently indicate
hat abuse is not consistently prodromal to dependence, and that
he course of abuse and dependence differ (Hasin et al., 1990,
997a,b; Grant et al., 2001; Schuckit et al., 2001, 2008) suggesting
hat the disorders are distinct.

.2.3. Exploratory and confirmatory factor analysis. Exploratory fac-
or analysis (EFA) provides initial information on the factor
tructure of a set of items, while confirmatory factor analysis (CFA)
an test whether the correlational structure of a set of criteria
atches a hypothesized structure predicted by a conceptual model,

.g., a one-factor model or two-factor model. Several studies of

UD criteria using U.S. samples found significantly better fit for a
wo-factor model (Harford and Muthen, 2001; Muthen et al., 1993;

uthen, 1995; Grant et al., 2007). These papers did find evidence
or slight deviations from the DSM-IV abuse/dependence distinc-
ion, which may be expected given differences in distributions of
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he AUD criteria and other differences between samples. Another
tudy used EFA to guide a CFA comparing two-, three- and four-
actor solutions. In this study, the two-factor solution corresponded
o dependence and abuse, while the third factor was characterized
y tolerance (Grant et al., 2007).

In contrast, Proudfoot et al. (2006) and Martin et al. (2006) found
vidence of similar model fit in CFA for one- and two-factor models,
referring the one-factor model on the basis of parsimony and high

actor correlations. An earlier paper using a U.S. sample (Hasin et al.,
994) found evidence for a one-factor model, but since the measure
onsisted of proxy indicators of the Alcohol Dependence Syndrome
sing a scale of alcohol problems, the results may not be directly
omparable. In twin data, an EFA of 110 alcohol symptom items from
eighner criteria (Feighner et al., 1972), RDC (Spitzer et al., 1978),
SM-III (American Psychiatric Association, 1980), and DSM-III-R

American Psychiatric Association, 1987) showed that one factor fit
ll the items (Krueger et al., 2004). An exploratory factor analyses
f NESARC data prior to an IRT study (Saha et al., 2006) showed that
one-factor model was suitable after dropping an abuse item, legal
roblems due to alcohol; a paper describing a similar EFA in NESARC
ata prior to a Rasch analysis (Kahler and Strong, 2006) appeared to
eflect similar results although these authors did not elect to drop
he item with the lowest factor loading from further analyses. These
apers thus provide mixed support for one- and two-factor models.
either EFA nor CFA directly addresses whether a categorical or
imensional model best represents a given condition.

.2.4. Latent class analysis. Latent class analysis is used to iden-
ify homogeneous classes of individuals, and assign individuals to
lasses. Using COGA study data (Reich et al., 1998), LCA of DSM-
V abuse and dependence criteria identified four classes (Bucholz
t al., 1996) largely differentiated by successively greater endorse-
ent probabilities for all criteria across classes. In heavy-drinking

wins, four classes were preferred for women and five for men
sing DSM-IV dependence and abuse criteria (Lynskey et al., 2005).

n Lynskey et al. (2005), the preferred five-class solution among
en identified classes characterized as severely dependent, mod-

rately dependent, heavy drinkers and low/no problem drinkers,
ith an additional class corresponding to abuse. Members of the

buse class reported comparable drinking patterns for their heav-
est drinking period to those in the moderate dependence class
nd were no less likely to report tolerance to alcohol, yet they had
ery low probability of meeting criteria for alcohol dependence.
mong NESARC participants meeting criteria for current alcohol
ependence, LCA indicated a six-class solution for the seven depen-
ence criteria, generally corresponding to the number of criteria
ndorsed (Moss et al., 2008). In this study, only the most severe
lasses were related to lifetime alcohol landmarks, but the effect of
xcluding those below the diagnostic threshold is unclear. Thus, the
CA results generally support the idea of a gradient of severity for
lcohol use disorders defined by the number of criteria, with incon-
istent results on the presence (Lynskey et al., 2005) or absence
Bucholz et al., 1996) of a separate abuse class.

.2.5. Rasch model or item response theory analysis. If a unidimen-
ional set of criteria can be identified through factor analysis, the
ne-parameter Rasch model provides information on the severity
evel of individual criteria, while the two-parameter item response
heory (IRT) model provides information on severity and also cri-
erion discrimination between individuals of differing severities.

asch and IRT analyses show that abuse and dependence criteria are

ntermixed on an underlying spectrum of severity (Langenbucher
t al., 2004; Kahler and Strong, 2006; Martin et al., 2006; Saha et
l., 2006) although some analyses required removal of criteria to
chieve unidimensionality (Langenbucher et al., 2004; Saha et al.,
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006). IRT analyses of alcohol problem scales (as distinct from diag-
ostic criteria) in various samples have suggested incorporation of
onsumption indicators into measures of other alcohol problems
Krueger et al., 2004; Kahler et al., 2003). However, to our knowl-
dge, only one paper (Saha et al., 2007) has explicitly addressed
dding binge drinking to the DSM-IV alcohol abuse and dependence
riteria among current drinkers. While IRT can address the differ-
ntial functioning of items in a set by respondent characteristics, it
s not designed to address the relationship of the entire criteria set
o established risk factors.

.2.6. Hybrid psychometric models. Hybrid models including latent
lass factor analysis (LCFA) and factor mixture analysis (FMA) allow
ncorporation of dimensional and categorical aspects of a criterion
et (Muthen, 2006). Among male binge drinkers in the NESARC, use
f LCFA for DSM-IV alcohol abuse and dependence suggested four
lasses and one factor, while a FMA suggested two classes and one
actor (Muthen, 2006). In twin data, the FMA model in twin data
howed three classes and one factor (Kuo et al., 2008). These models
rovide solutions that integrate LCA and factor findings. However,
he actual diagnostic variables (or phenotypes for genetic studies)
rovided by these hybrid models are not yet obvious.

.3. Gaps in knowledge

These studies provide information about gradations in the sever-
ty of AUD criteria, but not on whether dimensionality is found
nly after the diagnostic threshold has been exceeded (the Muthen
aper used a threshold defined by binge drinking rather than diag-
ostic criteria, and did not include those under this threshold in the
ample). The studies show support for combining abuse and depen-
ence albeit with some evidence to the contrary and no information
n what a diagnostic threshold might be if the alcohol abuse and
ependence criteria were combined. Thus far, the literature pro-
ides little information about whether to add binge drinking to the
riteria set. We therefore extended a statistical method used pre-
iously (Kendler and Gardner, 1998; Hasin et al., 2006b), which we
all the “discontinuity approach” to examine these issues.

.4. The discontinuity approach

The discontinuity approach directly incorporates the relation-
hip of an observed criterion set to important external validating
ariables. It rests on two assumptions. (1) Cases and non-cases
f an inherently categorical illness or condition will be differen-
iated at the diagnostic threshold through clear discontinuities in
he strength of association between the number of criteria and risk
actors. (2) Strength of association between the number of criteria
nd risk factors will be homogeneous within groups of cases and
on-cases, i.e., within-group slopes of regression lines representing
ssociations between number of criteria and risk factors are zero.
ig. 1 shows a hypothetical representation of the relationship of the
riteria to a risk factor in a categorical model, as well as in a model
n which the association with a risk factor increases linearly with
he number of criteria met.

The discontinuity approach can address all three issues raised
bove: dimension versus binary condition, relationship of the cri-
eria of similar disorders (abuse and dependence), and addition of
ew criteria (binge drinking). We previously used the method to
xamine the seven criteria for DSM-IV alcohol dependence among

urrent drinkers, finding that these criteria related to risk factors
n a monotonic fashion, with no support for any putative model of
lcohol dependence that included a category (Hasin et al., 2006b).
owever, lifetime criteria evaluated among lifetime drinkers are

equired for some types of research, especially genetic studies. For

p
H
u
1
e
a

ig. 1. Hypothetical models for DSM-IV alcohol dependence: linear model of crite-
ion count (solid line) and two homogenous groups dichotomized by threshold at 3
riteria (dashed line).

his reason, and to contribute to a greater overall understanding
f AUD criteria as preparations for DSM-V are underway, we now
xtend this approach to study lifetime criteria for alcohol depen-
ence, abuse and binge drinking among lifetime drinkers from the
ational Epidemiologic Survey on Alcohol and Related Conditions

NESARC) sample.

. Methods

.1. Sample

The 2001–2002 National Epidemiologic Survey on Alcohol and Related Con-
itions (NESARC) is based on a United States representative sample, as described
lsewhere (Grant et al., 2004). The target population included those residing
n households and group quarters, 18 years and older. Face-to-face interviews

ere conducted by professional interviewers with 43,093 respondents. The survey
esponse rate was 81%. Blacks, Hispanics, and young adults (ages 18–24) were over-
ampled, with data adjusted for over-sampling and non-response. The weighted
ata were then adjusted to represent the U.S. civilian population based on the
000 Census. Field methods included extensive home study and structured in-
erson training, supervision, and quality control (Grant et al., 2005, 2006a,b). In
his report, we included lifetime drinkers, i.e., those who ever drank at least 12
rinks during a one-year period, N = 27,324. Of these, 62.9% were white, 16.5%
frican-American, 16.7% Hispanic, 52.4% male and the mean age was 45.1 years

S.D. 16.8).

.2. Measures

.2.1. DSM-IV diagnostic interview
The diagnostic interview was the NIAAA Alcohol Use Disorder and Associated

isabilities Interview Schedule-DSM-IV Version (AUDADIS-IV) (Grant et al., 2003).
omputer diagnostic programs implemented the DSM-IV criteria for the disorders
sing AUDADIS-IV data.

.2.2. Alcohol abuse and dependence criteria
Extensive AUDADIS-IV questions covered the DSM-IV criteria for alcohol abuse

nd dependence. The seven alcohol dependence criteria included (1) tolerance; (2)
ithdrawal or withdrawal avoidance; (3) persistent desire/unsuccessful attempts

o reduce drinking; (4) time drinking or recovering from its effects; (5) giving up or
educing occupational, social and/or recreational activities to drink; (6) impaired
ontrol; and (7) continued drinking despite physical or psychological problems.
he four alcohol abuse criteria included (1) failure to fulfill major role obligations;
2) recurrent hazardous use; (3) recurrent substance-related legal problems; and
4) continued drinking despite persistent social or interpersonal problems. Unlike
iagnostic measures that skip questions on dependence criteria if no abuse criteria
ere met (Hasin and Grant, 2004), the AUDADIS completely covers DSM-IV alcohol

buse and dependence among all respondents that were ever drinkers. Reliability of
UDADIS-IV alcohol diagnoses ranged from good to excellent in clinical and general
opulation samples (K = 0.70–0.84) (Grant et al., 1995, 2003; Chatterji et al., 1997;

asin et al., 1997a,b); and many validation methods show that AUDADIS-IV alcohol
se disorder diagnoses and criteria have good to excellent validity (Hasin et al., 1996,
997a,b, 1994; Hasin and Paykin, 1999; Nelson et al., 1999; Cottler et al., 1997; Pull
t al., 1997; Harford and Grant, 1994), including psychiatrist reappraisals (Canino et
l., 1999).



5 Alcoh

2

e
d
4
(
(
o
c
c

2

a
v
o
a
a
(
t
r
t
a
w
t
a
h

2

2

d
a
c
u
N
v
o
e
M

2

b
l
t
1
v
c
g
g
d
a
d
C
c
p
e
o
l
2
d
s
c
1
t
3
a
0
t
M
m
t

d
d
t
d

w
v
m
.
t
m
o
m
t
p
a
a
p
e
c
e
2
b
M
s

2

(
d
t
t
o

2
c

w
a
d
1
t
M

2

t
(
n
n
v
(

3

3.1. Prevalence

The prevalence of each criterion is shown in Table 1. Using larger
or longer than intended (a dependence criterion) and hazardous

Table 1
Prevalence of DSM-IV alcohol abuse and dependence criteria and weekly binge
drinking in NESARC lifetime drinkers (N = 27,324).

Alcohol criterion Prevalence, %a (n)

Abuse
Neglect roles 6.4 (1658)
Hazardous use 39.4 (10067)
Legal problems 10.4 (2704)
Social/interpersonal problems 15.6 (4018)

Dependence
Tolerance 33.8 (8818)
Withdrawal 23.9 (6321)
Larger/longer 39.4 (10230)
Quit/control 33.5 (9131)
Time spent 17.8 (4673)
6 D.S. Hasin, C.L. Beseler / Drug and

.2.3. Binge drinking
The lifetime binge drinking variable was created from positive responses on

ither of two measures in the AUDADIS-IV, derived from the period of heaviest
rinking (past or last 12 months): (1) usual consumption of 5+ drinks (men) or
+ drinks (women) at least weekly; and (2) largest amount consumed 5+ drinks
men) or 4+ drinks (women) at least weekly. This is consistent with previous reports
Saha et al., 2007; Li et al., 2007) and the NIAAA Clinicians Guide (National Institute
n Alcohol Abuse, 2005). Among NESARC respondents, intraclass correlation coeffi-
ients (ICCs) were good to excellent (ICC = 0.69–0.84) for overall frequency of alcohol
onsumption, as well as usual and largest quantity of drinks (Grant et al., 2003).

.2.4. Validating variables
Validating variables were used to examine discontinuities at putative bound-

ries in risk factor levels, and within-group slopes of regression lines. Two validating
ariables were used: (1) family history of alcohol problems, and (2) early age of
nset of drinking alcohol. To assess family history of alcoholism, respondents were
sked about relatives by relative class, prompted by definitions consisting of observ-
ble manifestations of AUD criteria (Heiman et al., 2008) to improve sensitivity
Andreasen et al., 1977; Slutske et al., 1996; Zimmerman et al., 1988). A family his-
ory variable was created to represent the proportion of parents and siblings of each
espondent with an alcohol problem. AUDADIS family history measures have good
o excellent test–retest reliability, with kappas >0.70 for fathers, mothers, brothers
nd sisters (Grant and Dawson, 1997). Early onset of drinking excluding tastes or sips
as dichotomized at 14 years or younger versus others, a difference that substan-

ially increases the risk of alcohol use disorders (Grant et al., 2001, 2006a,b; Grant
nd Dawson, 1997; Prescott and Kendler, 1999). Age of onset of alcohol consumption
as good to excellent reliability (Grant et al., 1995).

.3. Statistical analyses

.3.1. Regression models in weighted data
Analyses were conducted with three sets of lifetime criteria: (1) alcohol depen-

ence only (range, 0–7); (2) alcohol dependence and abuse (range, 0–11); and (3)
lcohol dependence, abuse and binge drinking (range, 0–12). To determine the asso-
iation between the criteria set and family history, Poisson regression models were
sed, with the outcome log((EY)/N), where Y is the count of affected relatives and
is the total number of relatives in each family. Early onset of drinking (a binary

ariable) was modeled using logistic regression. Due to the complex sample design
f the NESARC, SUDAAN was used to apply these models. SUDAAN calculates correct
stimates of the standard errors in complex survey designs via Taylor linearization.
odels were all adjusted for age, gender and race.

.3.2. Dimensionality of lifetime alcohol dependence criteria
As former drinkers may differ from current drinkers in many ways, we began

y testing whether our results on categorical and dimensional models of the seven
ifetime dependence criteria among current drinkers (Hasin et al., 2006a,b) applied
o the broader sample of lifetime drinkers. We did this with a basic model (Model
) with 10 predictors (M7Dum): the 3 control variables and 7 non-ordered dummy
ariables to represent the seven levels of severity (1–7) of the alcohol-dependence
riteria. Persons with no alcohol dependence criteria constituted the reference
roup. Persons with one dependence criterion were compared to the reference
roup, as were persons with two dependence criteria, etc., up to persons with seven
ependence criteria. Dummy variables were used at this stage to avoid advance
ssumptions about a trend. The seven parameters (ˇ1, ˇ2, . . ., ˇ7) associated with the
ummy variables indicate the effect of the number of alcohol dependence criteria.
onsistently increasing regression coefficients for dummy variables that can be indi-
ated by a line (slope) would suggest an underlying dimensional variable in a more
arsimonious model with a single parameter representing the slope (indicating lin-
arity). Model 1 provides a basis for comparison with models using different forms
f alcohol dependence as the predictor that involve a boundary. To test whether a
inear trend represented the effect of criteria count on an outcome, we used Model

(MDimensional) to test for a dimensional trend in criteria count. Instead of seven
ummy variables, one predictor was used to represent dependence criteria as a
ingle dimensional measure (i.e., 0–7 criteria) in which the associated parameter ˇ
ould be used to indicate a trend in the effect of criterion count. In addition to Model
(M7Dum) and Model 2 (MDimensional), we used two other models to explore patterns in

he relationship between the number of criteria and the validating variables. Model
(MThreshtrend) used a binary variable contrasting 0–2 criteria versus 3 or more, and
single dimensional variable for 3–7 criteria. The lack of a dimensional variable for
–2 criteria would illustrate the possibility of homogeneity (lack of slope) within
his category, but not above the threshold of three criteria, the diagnostic threshold.

odel 4 (MDSM-IV) consisted of a single variable contrasting 0–2 criteria versus 3 or
ore, the DSM-IV dichotomous diagnosis, with homogeneity (zero slope) within
he two categories defined by the threshold.
To compare the models incorporating the weights reflecting the complex sample

esign, the Wald test was used to test hypotheses on the model parameters. (While
ifferences in the fit of nested models are often compared using the likelihood ratio
est, this test cannot be used with weighted data, which is the nature of NESARC
ata due to the complex sample design.) We used the Wald statistic to determine
ol Dependence 101 (2009) 53–61

hether alternative parameterizations of the association between the validating
ariable and the number of dependence criteria produce significantly different esti-
ates between Model 1 and Model 2, with a single linear predictor (i.e., (ˇ1, ˇ2,

. ., ˇ7) compared with (1ˇ, 2ˇ, . . ., 7ˇ)). The Wald test statistic is calculated using
he squared distance between two vectors of estimated effects in the two nested

odels. Similar to the likelihood ratio test, it follows a �2 distribution with degrees
f freedom defined as the difference in the number of parameters in two nested
odels. With large samples such as the NESARC, the likelihood ratio test and Wald

est are generally equivalent in testing the hypotheses on model parameters for the
attern in the association between outcome and predictors if no sampling weights
pplied (Pawitan, 2001). Little or no difference between the dummy variable model
nd the linear model would indicate support for the use of Model 2, as it is most
arsimonious in terms of number of parameters. The Wald test was also used to
xplore differences in patterns of associations between the number of dependence
riteria and the validating variables described by Model 1 and the alternative mod-
ls (Models 3 and 4). Following our previous methods, we considered that Model
‘fit’ the pattern in Model 1 better than Model 4 (for example) if the difference

etween Models 1 and 2 were small (non-significant), while the difference between
odels 1 and 4 were not small (e.g., significantly different). For all tests, statistical

ignificance was set at 0.05.

.3.3. Dimensionality of lifetime alcohol dependence and abuse criteria
The dummy variable model (M11Dum) or Model A, representing levels of severity

range 0–11) was compared with Model B (M11Dimensional), which used a continuous
imensional measure of criteria (range 0–11). Since the discontinuity method allows
esting for dichotomies in the data, we also tested binary diagnostic models with
hresholds at 3, 4, 5, 6 and 7 criteria. An observed dichotomy would argue for the use
f a specific diagnostic threshold in the combined abuse and dependence criteria.

.3.4. Dimensionality of lifetime alcohol dependence, abuse and binge drinking
riteria

Given our results for the combination of dependence and abuse criteria (below),
e analyzed only Models 1 and 2 using the same validating variables. The vari-

bles were generated as described above, using a dummy variable model with seven
ependence, four abuse, and a binge-drinking criterion. Model C (M12Dum) contained
2 dummy variables and Model D (M12Dimensional) contained a single indicator of cri-
eria counts with values ranging from 0 to 12. Model C (M12Dum) was compared to

odel D (M12Dimensional).

.3.5. Testing the dummy variable model
Prior to conducting these analyses, we used the Wald statistic to test whether

he set of dummy variables in Model 1 (M7Dum), Model A (M11Dum) and Model C
M12Dum) were associated with each of the validating variables. For example, the
ull hypothesis on the parameters of Model 1 was (ˇ1, ˇ2, . . ., ˇ7) = (0, 0, . . ., 0) for
o association between the alcohol dependence criteria count and the validating
ariable, adjusting for age, gender and race. The null hypotheses were all rejected
all p-values <0.0001).

. Results
Activities given up 5.1 (1350)
Physical/psychological problems 15.4 (4046)
Exceeded drinking limits weekly b 35.8 (8922)

a Weighted percents taking into account the weighted sample.
b Using least 4+ for women and 5+ for men at least once a week.
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Table 2
Distribution of NESARC participants having from 0 to 12 criteria including alcohol
dependence, alcohol abuse and weekly binge drinkingb criteria (N = 27,324).

Number of criteria Prevalence, %a (n) Cumulative prevalence, %a (n)

0 32.9 (9457) 32.9 (9457)
1 14.8 (4071) 47.7 (13528)
2 11.2 (3054) 59.0 (16582)
3 9.3 (2472) 68.2 (19054)
4 7.4 (1956) 75.6 (21010)
5 6.0 (1609) 81.6 (22619)
6 4.6 (1174) 86.2 (23793)
7 3.7 (945) 89.9 (24738)
8 3.0 (760) 92.9 (25498)
9 2.4 (627) 95.3 (26125)

10 1.7 (433) 97.0 (26558)
11 1.7 (430) 98.7 (26988)
1
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2 1.3 (336) 100.0 (27324)

a Weighted percents taking into account the weighted sample.
b Using 4+ for women and 5+ for men at least once a week.

se (an abuse criterion) had the highest weighted prevalence. Giv-
ng up activities to drink (a dependence criterion) and neglecting
ocial roles because of drinking (an abuse criterion) had the lowest
revalence. Only one criterion was reported by 14.8% of the sample,
hile 1.3% experienced all 12 (Table 2). Therefore, observed linear-

ty in the dimensional variable representing criteria counts was not
function of equal frequencies across the categorical variables.

.2. Dimensionality of lifetime alcohol dependence criteria

The log proportions for family history were plotted against the
even dummy variables representing criterion counts (M7Dum) to
how the relationship between the number of criteria and the val-
dating variable (Fig. 2). Fig. 2 shows that the data points lie close
o the line. Comparing these points to the plotted line represent-
ng the continuous dimensional model (M7Dimensional) with a slope
oefficient of 0.20 (S.E. = 0.01) showed no significant difference
etween the two parameterizations of the criteria with family his-
ory (Wald = 9.93, p = 0.13). Similar results were seen for the effects
f M7Dum and M7Dimensional on early drinking onset (Fig. 2). The
7Dimensional model had a slope coefficient of 0.33 (S.E. = 0.01). This

nd the dummy models did not differ significantly (Wald = 7.62,
= 0.27). In contrast, the binary diagnostic model differed sig-

ificantly from the dummy models (family history Wald = 126.1,
= 0.00; early onset Wald = 358.1, p = 0.00). The hybrid model
llowing for homogeneity (zero slope) below 3 criteria and dimen-
ionality at and above 3 criteria also differed significantly from
he dummy variable model (family history Wald = 48.3, p = 0.00;

ig. 2. Model 1 (M7Dum) versus Model 2 (MDimensional) (Model 1 results shown in
ymbols; Model 2 by lines). family history, � onset of drinking before age 15
ears.
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ig. 3. Model A (M11Dum) versus Model B (M11Dimensional) for 11 criteria including
ependence and abuse (Model A results shown in symbols; Model B by lines).

amily history, � onset of drinking before age 15 years.

arly onset Wald = 244.2, p = 0.00). These results confirmed that in
ifetime as well as in current drinkers, an underlying severity con-
inuum better explained the relationship between the number of
riteria for alcohol dependence and these two validating variables
han a model incorporating categories, either above and below the
iagnostic threshold, or only below the diagnostic threshold.

.3. Dimensionality of lifetime alcohol dependence and abuse
riteria

We examined abuse and dependence as a single continuum
f severity using Model A (M11Dum) and Model B (M11Dimensional)
Fig. 3). While the data points around the line representing linear-
ty were visually more distant from the line than the data points
round the line in Fig. 1, the Wald tests indicated that Models A
nd B did not differ significantly whether family history was used
s the validator (Wald = 15.4, p = 0.12) and showed results at the
rend level only when early drinking onset was used as the valida-
or (Wald = 16.7, p = 0.08; Table 3). The slope coefficient for Model

(M11Dimensional) was 0.15 (S.E. = 0.00) for family history and 0.24
S.E. = 0.01) for early drinking onset. The results for these two val-
dators therefore suggest a linearly increasing relationship between
he number of abuse and dependence criteria and a positive family
istory, with more equivocal results when early drinking onset was
sed as the validator.

Although these results provided no evidence of a diagnostic
hreshold, we tested binary models against Model A for thresholds
t 3, 4, 5, 6 or 7 criteria since this information could be of use for
SM-V decision-making. No evidence was found that binary mod-
ls with any of these thresholds fit the data well (all Wald tests of
inary versus dummy models, p < 0.0001).

.4. Dimensionality of lifetime alcohol dependence, abuse and
inge drinking criteria

We next examined dependence criteria, abuse criteria and binge
rinking as a single continuum of severity. The relationships of
hese 12 putative criteria (M12Dum) to family history and early drink-
ng onset are shown in Fig. 4. The data points around the line
epresenting linearity were visually further from the line than the
ata points around the line in Fig. 2. In this case, the continuous, lin-

ar model did differ significantly from the dummy variable models
or family history (Wald = 21.8, p = 0.03) and early drinking onset
Wald = 23.9, p = 0.01) (Table 4). Thus, as shown in Fig. 4 and the
esults of the Wald tests, adding binge drinking to the set of criteria
or alcohol abuse and dependence introduced sufficient variability
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Table 3
Comparison of the dummy variable model (Model A) to the dimensional model
(Model B), representing 11 alcohol dependence and abuse criteria in NESARC par-
ticipants (N = 27,324).

Outcome Criterion
count (K)

Model A estimate
(M11Dum)

Model B estimate
(M11Dimensional)

log P(K)/P(0)

Family history 1 0.28 (0.05) 0.15 (0.00)
2 0.38 (0.05) 0.29 (0.01)
3 0.59 (0.06) 0.44 (0.01)
4 0.69 (0.06) 0.59 (0.02)
5 0.84 (0.07) 0.73 (0.02)
6 0.93 (0.06) 0.88 (0.03)
7 1.14 (0.07) 1.03 (0.03)
8 1.19 (0.07) 1.17 (0.04)
9 1.38 (0.08) 1.32 (0.04)

10 1.55 (0.08) 1.47 (0.04)
11 1.60 (0.07) 1.61 (0.05)

p-value for test of difference with Model 1 0.12

Outcome Criterion
count (K)

Model A estimate
(M11Dum)

Model B estimate
(M11Dimensional)

log(Odds(K)/Odds(0))

Age of onset 1 0.48 (0.11) 0.24 (0.01)
2 0.62 (0.10) 0.49 (0.02)
3 0.71 (0.13) 0.73 (0.03)
4 1.18 (0.12) 0.98 (0.03)
5 1.35 (0.13) 1.22 (0.04)
6 1.63 (0.12) 1.46 (0.05)
7 1.65 (0.14) 1.71 (0.06)
8 2.01 (0.14) 1.95 (0.07)
9 2.28 (0.15) 2.20 (0.08)

10 2.43 (0.14) 2.44 (0.09)
11 2.90 (0.15) 2.69 (0.10)

p-value for test of difference with Model 1 0.08
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Table 4
Comparison of the dummy variable model (Model C) to the dimensional model
(Model D) representing 12 alcohol dependence, abuse and weekly binge drinking
criteria in NESARC participants (N = 27,324).

Outcome Criterion
count (K)

Model C estimate
(M12Dum)

Model D estimate
(M12Dimensional)

log P(K)/P(0)

Family history 1 0.31 (0.05) 0.13 (0.00)
2 0.36 (0.05) 0.27 (0.01)
3 0.53 (0.05) 0.40 (0.01)
4 0.62 (0.06) 0.54 (0.02)
5 0.80 (0.06) 0.67 (0.02)
6 0.93 (0.07) 0.80 (0.02)
7 0.98 (0.07) 0.94 (0.03)
8 1.13 (0.07) 1.07 (0.03)
9 1.24 (0.07) 1.21 (0.04)

10 1.42 (0.08) 1.34 (0.04)
11 1.61 (0.08) 1.47 (0.04)
12 1.61 (0.08) 1.61 (0.05)

p-value for test of difference with Model 1 0.03

Outcome Criterion
count (K)

Model C estimate
(M12Dum)

Model D estimate
(M12Dimensional)

log(Odds(K)/Odds(0))

Age of onset 1 0.51 (0.11) 0.22 (0.01)
2 0.76 (0.11) 0.45 (0.02)
3 0.72 (0.12) 0.67 (0.02)
4 0.85 (0.13) 0.90 (0.03)
5 1.42 (0.12) 1.12 (0.04)
6 1.57 (0.13) 1.35 (0.05)
7 1.62 (0.12) 1.57 (0.06)
8 1.78 (0.15) 1.80 (0.06)
9 2.13 (0.14) 2.02 (0.07)

10 2.35 (0.16) 2.25 (0.08)
11 2.60 (0.13) 2.47 (0.09)
12 2.93 (0.16) 2.70 (0.10)
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ig. 4. Model C (M12Dum) versus Model D (M12Dimensional) for 12 criteria including
ependence, abuse and binge drinking defined as least 4+/5+ at least once a week
Model C results shown in symbols; Model D by lines). family history, � onset of
rinking before age 15 years.

round the continuous line at a number of points on the line that
he Wald test indicated significant non-linearity.

. Discussion

Using the discontinuity approach, the results indicated that in
ifetime drinkers, DSM-IV lifetime alcohol dependence criteria can
e used to represent a linearly increasing continuum of liability

sing as validators two important risk factors for alcohol use disor-
ers, family history of alcoholism and early age of drinking onset. In
ddition, a similar linear relationship was found for alcohol abuse
nd dependence combined, albeit with firmer support when family
istory was used as the validator than when early drinking onset

fi
o
e
p
e

-value for test of difference with Model 1 0.01

as used. These results add to evidence suggesting that alcohol
buse and dependence criteria are intermixed and lie on a single
nderlying continuum. However, in contrast, no support was found
or a model including categories either below the DSM-IV diagnos-
ic threshold for alcohol dependence criteria at the present DSM-IV
hreshold, or for alcohol dependence and abuse criteria at any of
everal thresholds.

In contrast to the above results, adding a dichotomous lifetime
+/5+ binge drinking criterion resulted in a significant departure
rom fit of the model to the data. These results are inconsistent with
RT findings on current (last 12 months) criteria (Saha et al., 2007)
uggesting that such a binge drinking criterion could be added.
wo reasons may explain the discrepancy in findings. One reason
s that the IRT methodology examines criteria only in relation to
ach other, while the discontinuity approach not only examines
he criteria in relation to each other, but also directly incorporates
nformation from external validators. The other reason is that the
iscontinuity results for lifetime binge drinking may differ from IRT
ndings due to the difference in time frame. For example, our anal-
ses included some lifetime binge drinkers who were abstainers
n the last 12 months as part of recovery from alcohol dependence
Dawson et al., 2005). Such individuals would have been omitted
ntirely from Saha et al. (2007). In either case, the difference in
ndings across the two methods suggests caution in the addition
f binge drinking as a criterion to the AUD criteria, since differ-

nt methods and timeframes should produce consistent results to
rovide sufficiently strong support to add a new criterion to the
xisting criteria set in DSM-V.
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The discontinuity approach differs from CFA, LCA and IRT or
asch model analysis in several fundamental ways. First, the discon-
inuity approach is based on the number of criteria endorsed and
ot on the properties of the individual items. Second, the approach
irectly incorporates validation of the criteria set through study
f their relationship to key validators (factors well known to be
elated to the diagnoses but not included in the criteria set). Third,
he approach allows for adjustment for important covariates, a
eature not available in latent class or IRT analysis. Fourth, the

ethod addresses observed rather than latent variables. Further,
he discontinuity approach has been described as advantageous
ince it avoids the assumptions required of LCA and IRT that are not
lways met in practice (Helzer et al., 2007). Thus, the discontinuity
pproach offers the advantage of an additional methodology in
valuating alterations to existing sets of diagnostic criteria.

Two genetic association studies provide a useful illustration of
he utility of the additional information provided by a dimensional
ndicator of lifetime DSM-IV alcohol dependence criteria like Model
(M7Dimensional) compared to the binary diagnosis with its arbitrary

hreshold. Both studies addressed the same allelic variant, and anal-
ses in both studies faced a situation in which statistical power was
imited, in one case because the allele of interest was rare (Heath
t al., 2001) and the other case because the allele of interest was
ot rare but the sample was small (Hasin et al., 2002). In both stud-

es, the relationship between a binary diagnosis of DSM-IV alcohol
ependence and the allele of interest was in the predicted direc-
ion but not statistically significant. However, when dependence
as used as a dimensional variable (range 0–7), the predicted rela-

ionships between the allele and dependence became significant.
hese results can be seen as an additional external validation of the
imensional approach to alcohol dependence, in this case, using a
iological validator, and support the use of a dimensional approach

n other situations of interest where power is limited, e.g., in testing
ene × gene or gene × environment interactions. To our knowledge,
tudies of the 11-criterion continuous measure including abuse and
ependence in relation to specific genetic variants have not yet
een conducted. These would be informative about the validity of
his continuous construct of alcohol use disorders. If validated in
enetic studies, such a quantitative variable has the potential to
mprove the power of genetic studies.

The lack of any evidence for a diagnostic threshold if the alcohol
buse and dependence criteria are combined in DSM-V indicates
hat a decision regarding a diagnostic threshold will be difficult
o make. This problem will need to be overcome if the abuse and
ependence criteria are combined, since DSM-V will continue to
equire diagnostic thresholds. The method of resolving this prob-
em (aside from an arbitrary decision) is not obvious. An alternative
olution that avoids the need for a new diagnosis and threshold,
hile addressing the need to note both abuse and dependence cri-

eria, is to retain both disorders but remove the DSM-IV hierarchical
tructure requiring that abuse not be diagnosed if dependence cri-
eria are met. Such a decision would also address the fact that
omen and minority groups differ in their likelihood that alcohol
ependence is accompanied by abuse (Hasin and Grant, 2004) and
emove confusion about whether to make a dependence diagnosis
ondition on meeting criteria for abuse (Grant et al., 2007).

Some investigators prefer a focus on the current (or last 12
onth) timeframe than the lifetime timeframe on the grounds that

ecent events are more likely to be recalled and reported than more
emporally distant events. We agree with these concerns about

eporting and recall. However, the diagnostic criteria need to work
ell in both current and lifetime timeframes, as the latter is the

imeframe for most genetics studies, and for many epidemiologic
urposes as well. In fact, assessing a history of past disorders is also
ommonly part of a clinical evaluation. Despite potential difficulties
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ol Dependence 101 (2009) 53–61 59

f recall, the seven DSM-IV dependence criteria have been shown
o have excellent reliability and validity in both current and lifetime
imeframes under a number of paradigms, including the disconti-
uity approach results shown above. Therefore, all-encompassing
oncerns about the lifetime timeframe are misplaced in this regard.
t is when one moves from the DSM-IV dependence diagnostic cri-
eria to the proposed revisions that incorporate the aggregation of
ependence, abuse and binge drinking that problems begin to arise.
or this reason, we suggest caution in incorporating these criteria
ogether in a DSM-V alcohol use disorders category.

Our concerns about binge drinking are not specific to binge
rinking per se but would pertain to the proposal of any new cri-
erion. A criterion should have consistent evidence supporting its
ddition across studies with different designs. We focused on binge
rinking because this alcohol-related behavior has already received
ttention as a proposed new criterion (Saha et al., 2007; Li et al.,
007). We used the discontinuity approach to investigate binge
rinking due to our results on the relative fit of different models
f dependence to the NESARC data when only seven DSM-IV alco-
ol dependence criteria were examined (above and Hasin et al.,
006a,b). We reasoned that the excellent fit of the model to the
ata for the seven criteria should be maintained with additional
riteria if they were valid. Further, if DSM-V severity measures can
e based on the diagnostic criteria, then clinicians can assess sever-

ty more efficiently than if assessment of different conditions is
equired (First, 2005, p. 563). We therefore considered binge drink-
ng in that context. Addition of binge drinking as a criterion resulted
n a significant departure from a linear model, suggesting caution
n adding it to the existing criterion set for alcohol use disorders.

Study limitations are noted. First, consistent with other
pidemiologic studies, dependence and abuse symptoms were
easured via retrospective structured self-report rather than

bservation, as was family history and early drinking onset. How-
ver, all variables had good to excellent test–retest reliability and
he measures of alcohol use disorders have been validated in many
aradigms, including psychiatrist reappraisal (Canino et al., 1999).
lso, to reduce misclassification, we created the binge drinking
ariable from frequency and quantity indicators instead of ques-
ions specifically asking about these particular quantities. The focus
n observed rather than latent variables could be seen as a limita-
ion, since this method does not attempt to remove measurement
rror. However, results based on observed variables that appear
lear and strong can add to what is known on a specific research
uestion. Other strengths of the work include a focus on lifetime
ather than current variables, a timeframe that is important for epi-
emiologic and genetic studies, use of a method that does not make
ome of the assumptions of other methods (Helzer et al., 2007), and
irect incorporation of important and well-established risk factors

nto evaluation of the different patterns of criteria we examined.
Our study evaluated the dimensionality of lifetime alcohol abuse

nd dependence criteria to provide information for DSM-V, and for
urposes of refining variables for use in genetics and epidemio-

ogic studies. A useful quantitative phenotype should be correlated
ith diagnosis and also represent severity of a disease (Almasy,

003). Using validating variables such as age of drinking onset
r family history gives meaningful context because they reflect
usceptibility (Almasy, 2003). An advantage to using such a quan-
itative measure (as compared to other severity indicators that

ay not be assessed in a standardized way from study to study)
s the potential for reproducibility across studies that have already

ssessed all DSM-IV alcohol abuse and dependence criteria. Our
esults suggest potential value in exploring a combined quantitative
ndicator including dependence and abuse criteria in genetic analy-
es. Finally, the results contribute information based on a different
pproach to what is known about the performance of alcohol abuse,
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ependence and binge drinking as criteria for alcohol use disor-
ers in DSM-V. As the present period is one in which convergent

nformation across multiple studies and methods is actively sought
y the DSM-V Substance Use Disorders Workgroup, the results are
imely.
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