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ABSTRACT. Objective:	The	aim	of	this	study	was	to	examine	psycho-
metric	 properties	 of	 the	 Diagnostic	 and	 Statistical	 Manual	 of	 Mental	
Disorders,	Fourth	Edition	(DSM-IV),	diagnostics	criteria	for	alcohol	and	
marijuana	dependences	among	462	alcohol	users	and	311	marijuana	us-
ers	enrolled	in	two	multisite	trials	of	the	National	Drug	Abuse	Treatment	
Clinical	Trials	Network.	Method:	Diagnostic	questions	were	assessed	by	
the	DSM-IV	checklist.	Data	were	analyzed	by	the	item	response	theory	
and	the	multiple	indicators–multiple	causes	method	procedures.	Results:	
Criterion	symptoms	of	alcohol	and	marijuana	dependences	exhibited	a	
high	level	of	internal	consistency.	All	individual	symptoms	showed	good	

discrimination	in	distinguishing	alcohol	or	marijuana	users	between	high	
and	low	severity	levels	of	the	continuum.	In	both	groups,	“withdrawal”	
appeared	to	measure	the	most	severe	symptom	of	the	dependence	con-
tinuum.	There	 was	 little	 evidence	 of	 measurement	 nonequivalence	 in	
assessing	symptoms	of	dependence	by	gender,	age,	race/ethnicity,	and	
educational	 level.	 Conclusions:	These	 findings	 highlight	 the	 clinical	
utility	 of	 the	 DSM-IV	 checklist	 in	 assessing	 alcohol-	 and	 marijuana-
dependence	 syndromes	 among	 treatment-seeking	 substance	 users.	 (J. 
Stud. Alcohol Drugs	70:	414-425,	2009)

IN	ADDICTION	TREATMENT	 STUDIES,	 investigators	
typically	 evaluate	 patients	 for	 the	 presence	 of	 addictive	

disorders,	 rely	 on	 self-reported	 diagnostic	 instruments	 for	
inclusion	 and	 exclusion	 criteria,	 and	 examine	 differences	
in	 treatment	 outcomes	 across	 diagnostic	 categories	 or	 key	
demographic	groups	(e.g.,	gender	and	race/ethnicity;	Carroll,	
1997).	Hence	it	is	imperative	that	the	diagnostic	instrument	
used	to	assess	the	presence	of	an	addictive	disorder	measures	
the	intended	construct	and	that	the	instrument	is	equivalent	
for	drug	users	with	diverse	demographic	characteristics.	In	
addition,	there	is	a	renewed	focus	on	assessing	the	severity	

of	 addictions	 and	other	psychiatric	disorders	because,	 like	
other	medical	problems	(e.g.,	asthma,	cancer,	and	hyperten-
sion),	these	disorders	present	with	varying	levels	of	severity	
that	have	a	growing	number	of	treatment	implications.	For	
example,	 the	 Patient	 Placement	 Criteria	 of	 the	 American	
Society	of	Addiction	Medicine	provide	guidelines	for	assign-
ing	patients	to	varying	treatment	intensities	as	a	function	of	
clinical	judgments	about	severity	and	associated	comorbidi-
ties.	The	present	study	seeks	to	inform	the	conceptualization	
of	Diagnostic	 and	Statistical	Manual	of	Mental	Disorders,	
Fourth	Edition	(DSM-IV;	American	Psychiatric	Association,	
2000),	and	emerging	DSM	Fifth	Edition	(DSM-V)	diagnostic	
criteria	for	alcohol	and	marijuana	dependences	and	assesses	
item-response	bias	in	the	endorsement	of	these	symptoms	in	
a	diverse	sample	of	 treatment-seeking	stimulant	users	who	
participated	in	multisite	randomized	trials	of	the	Clinical	Tri-
als	Network	(Peirce	et	al.,	2006;	Petry	et	al.,	2005).
	 The	 dependence	 syndrome	 concept	 was	 introduced	 by	
Edwards	and	gross	(1976),	who	emphasized	the	coherence	
and	unidimensionality	of	a	set	of	behavioral,	cognitive,	and	
physiological	components	constituting	a	clinical	 syndrome	
for	alcoholism.	This	syndrome	concept	provides	the	theoreti-
cal	framework	for	diagnostic	criteria	used	for	alcohol-	and	
drug-dependence	 disorders	 in	 the	 DSM,	 Third	 Edition,	
Revised	 (DSM-III-R;	 American	 Psychiatric	 Association,	
1987;	Bryant	 et	 al.,	 1991;	Kosten	et	 al.,	 1987);	 the	DSM-
IV	(American	Psychiatric	Association,	2000;	Feingold	and	
	Rounsaville,	1995);	 the	International	Classification	of	Dis-
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eases-10	(World	Health	Organization,	1992);	and	criteria	that	
will	be	a	focus	of	attention	for	DSM-V.	This	concept	funda-
mentally	suggests	that	elements	of	a	dependence	syndrome	
exist	in	degree	and	form	a	single	factor.
	 Investigators	have	generally	reported	that	a	single	factor	
captures	the	criteria	of	alcohol-	and	marijuana-dependence	
disorders	 (Feingold	 and	 Rounsaville,	 1995;	 Rounsaville	 et	
al.,	1993;	Swift	et	al.,	2001).	However,	most	of	these	studies	
employ	factor	analysis	to	examine	factor	structures	underly-
ing	the	diagnostic	criteria.	Comparatively	few	reports	have	
used	item	response	theory	(IRT)	modeling	(see	Baker,	2001;	
Embretson	and	Reise,	2000;	Hambleton	et	al.,	1991;	Saha	
et	al.,	2006)	to	evaluate	and	guide	the	conceptualization	of	
DSM-IV	 criteria	 for	 alcohol	 and	 other	 drug	 dependences.	
IRT	analyses	can	evaluate	how	well	each	diagnostic	criteria	
performs	and	how	much	information	each	contributes	 to	a	
disorder,	 as	 well	 as	 evaluate	 symptom-endorsing	 equiva-
lence	 between	 demographic	 groups.	 For	 example,	 Saha	 et	
al.	(2006)	used	IRT	analyses	to	characterize	the	construct	of	
alcohol-use	disorders	in	a	sample	of	the	general	population	
and	showed	how	IRT	can	be	used	to	evaluate	symptom-en-
dorsing	equivalence	between	demographic	groups	(i.e.,	item	
severity	estimates).	This	approach	provides	very	relevant	in-
formation	for	evaluating	specific	criteria	employed	to	define	
the	underlying	construct	of	a	given	disorder.
	 Furthermore,	measurement	equivalence	concerns	whether	
the	differences	between	groups	in	a	latent	construct	such	as	
dependence	 reflect	 true	 differences	 or	 item	 response	 bias	
(Teresi	and	Fleishman,	2007).	Measurement	nonequivalence	
or	bias	occurs	when	individuals	with	equivalent	levels	of	a	
latent	construct	respond	differently	to	a	given	instrument	as	
a	function	of	group	membership	(Chen	and	Anthony,	2003;	
Teresi	and	Fleishman,	2007).	Measurement	nonequivalence	
in	a	diagnostic	instrument	can	lead	to	inaccurate	comparisons	
across	 groups	 involving	 screening	 or	 diagnosing	 individu-
als,	as	well	as	assessing	prevalence	 rates,	 risk	 factors,	and	
severity	 (Chen	and	Anthony,	2003;	McHorney	and	Fleish-
man,	 2006).	 Because	 self-report	 instruments	 are	 prone	 to	
measurement	bias	(DeVellis,	2003),	assessing	measurement	
equivalence	is	fundamental	to	the	development	of	measures	
for	making	unbiased	diagnoses.
	 Multiple	 indicators–multiple	causes	 (MIMIC)	modeling	
can	 be	 used	 to	 detect	 measurement	 nonequivalence	 of	 the	
criteria	for	multiple	demographic	variables	and,	importantly,	
to	compensate	for	them	in	the	analysis	of	predictors	of	the	
latent	construct	within	a	regression	framework	and	thereby	
reduce	distortion	of	 the	 risk	 factor	 assessment	 (e.g.,	Chen	
and	Anthony,	2003;	grant	et	al.,	2007).	It	 improves	recog-
nition	of	 the	 impact	of	 item	response	bias	detected	on	 the	
latent	 dependence	 risk	 because	 it	 allows	 statistical	 adjust-
ment	 for	 the	 effects	 of	 multiple	 background	 variables	 on	
the	 latent	 dependence	 risk.	This	 latter	 feature	 represents	 a	
clear	 advantage	 over	 IRT	 methods.	 Because	 it	 is	 essential	
to	demonstrate	that	the	dependence	construct	assessed	by	a	

given	instrument	is	adequate	for	use	in	different	population	
subgroups,	the	present	evaluation	uses	both	IRT	and	MIMIC	
methods	to	study	this	issue.
	 Alcohol	and	marijuana	dependences	are	among	the	most	
prevalent	substance	dependences	(grant	et	al.,	2004b).	Psy-
chometric	 properties	 associated	 with	 their	 assessment	 and	
measurement	equivalence	among	treatment-seeking	patients	
are	 much	 less	 known	 than	 those	 among	 population-based	
participants	 (Agrawal	 and	 Lynskey,	 2007;	 gillespie	 et	 al.,	
2007;	Saha	et	al.,	2006).	At	present,	a	generic	set	of	DSM-
IV	dependence	criteria	is	applied	to	alcohol	and	all	separate	
drug	 classes	 (American	 Psychiatric	 Association,	 2000).	
For	 both	 research	 and	 clinical	 reasons,	 it	 is	 important	 to	
assess	whether	different	substances	with	variations	in	phar-
macological	 effects	 produce	 the	 same	 clinical	 dependence	
profile,	whether	 specific	dependence	criteria	 are	necessary	
for	different	 substances,	 and	which	 features	are	associated	
with	 more	 severe	 forms	 of	 dependence	 across	 substances	
(Hughes,	 2006).	 Importantly,	 withdrawal	 symptoms	 from	
marijuana	 use	 are	 not	 officially	 recognized	 by	 DSM-IV	
(American	Psychiatric	Association,	2000),	despite	mounting	
evidence	that	they	exist	(Budney,	2006).	A	potentially	valu-
able	 source	 of	 data	 to	 address	 these	 questions	 is	 available	
in	the	multisite	Clinical	Trials	Network,	because	it	provides	
a	unique	opportunity	 to	evaluate	 the	psychometric	proper-
ties	 of	 current	 alcohol-	 and	 marijuana-dependence	 criteria	
(including	 marijuana	 withdrawal)	 in	 a	 geographically	 and	
clinically	diverse	group	of	drug	users	seeking	treatment	for	
substance-use	problems	across	the	United	States.
	 Recent	 IRT	 studies	 of	 population-based	 participants	
(gillespie	et	al.,	2007;	Lynskey	and	Agrawal,	2007)	and	ad-
diction	patients	(Langenbucher	et	al.,	2004)	have	found	that	
lifetime	 abuse/dependence	 symptoms	 for	 alcohol	 or	 drug	
use	 form	 a	 single	 underlying	 continuum	 of	 risk	 and	 that	
item	 performance	 of	 the	 criteria	 varies	 across	 substances.	
For	example,	marijuana	users	are	unlikely	to	endorse	abuse/
dependence	 symptoms	 unless	 they	 are	 at	 relatively	 higher	
levels	 of	 severity	 as	 compared	 with	 users	 of	 other	 drugs	
(gillespie	et	al.,	2007).	“Lifetime	symptoms	of	withdrawal”	
appear	to	measure	high	levels	of	severity	for	an	IRT-defined	
marijuana-use-disorder	risk	(gillespie	et	al.,	2007;	Lynskey	
and	Agrawal,	2007),	whereas	“giving	up	activities”	captures	
high	levels	of	severity	for	an	IRT-defined	alcohol-use-disor-
der	risk	(Langenbucher	et	al.,	2004).	Although	these	results	
are	 highly	 informative,	 the	 studies	 are	 somewhat	 limited	
because	they	focus	on	lifetime	abuse/dependence	symptoms,	
whereas	DSM-IV	requires	the	occurrence	and	clustering	of	
at	least	three	criteria	within	a	12-month	period	for	a	current	
diagnosis	 (American	 Psychiatric	 Association,	 2000).	 On	
the	other	hand,	Saha	et	al.	(2006)	examined	directly	current	
DSM-IV	abuse/dependence	criteria	for	alcohol-use	disorders	
in	 a	 national	 sample	 of	American	 adults.	They	 found	 that	
cognitive-behavioral	 symptoms	 such	 as	 “time	 spent”	 and	
“taking	larger	amounts”	were	more	discriminative	than	other	
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criteria	 in	 measuring	 the	 latent	 construct	 and	 that	 “giving	
up	 activities”	 appeared	 to	 tap	 the	 most	 severe	 end	 on	 the	
continuum.
	 The	present	study	investigates	the	psychometric	proper-
ties	 and	 relationships	 of	 the	 DSM-IV	 diagnostic	 criteria	
for	 alcohol	 and	 marijuana	 with	 differing	 severities	 of	 the	
dependence	 disorder,	 as	 well	 as	 measurement	 equivalence	
and	 demographic	 predictors	 of	 the	 dependence	 risk,	 in	 a	
combined	 sample	 of	 treatment-seeking	 patients	 from	 two	
national	multisite	studies	conducted	within	the	Clinical	Tri-
als	Network	(Peirce	et	al.,	2006;	Petry	et	al.,	2005).	The	large	
and	diverse	sample	used	in	this	study	helps	identify	possible	
subgroups	with	a	high	severe	level	of	dependence	that	might	
be	targeted	for	more	intensive	or	otherwise	specific	clinical	
interventions.	 The	 diversity	 of	 the	 sample	 and	 treatment	
programs	represented	in	the	study	also	enables	us	to	repli-
cate	aspects	of	earlier	work	done	in	smaller	or	less	diverse	
samples	and	settings,	and	to	meaningfully	extend	that	work	
by	using	psychometric	modeling	to	address	additional	mea-
surement	questions	not	considered	in	those	reports	(Feingold	
and	Rounsaville,	1995;	Morgenstern	et	al.,	1994;	Rounsaville	
et	al.,	1993).
	 The	specific	questions	tested	in	the	study	are	(1)	Do	the	
criteria	for	current	dependence	form	a	single	continuum	of	
severity	 (i.e.,	one	 factor),	 and	 if	 they	do,	where	along	 this	
continuum	does	each	criterion	rest?;	(2)	How	well	does	each	
of	these	criteria	perform,	or	discriminate,	relative	to	the	oth-
ers?;	 (3)	 Does	 the	 probability	 of	 endorsing	 the	 criteria	 of	
dependence	at	the	equivalent	level	of	severity	differ	across	
gender,	age	group,	racial/ethnic	backgrounds,	and	treatment	
settings?;	and	(4)	What	demographic	subgroups	manifest	the	
high	level	of	severity	on	the	dependence	continuum?

Method

Data source

	 Statistical	 analyses	 were	 performed	 on	 data	 from	 the	
public-use	files	of	two	multisite	studies	of	the	Clinical	Tri-
als	Network,	which	evaluated	stimulant-use	outcomes	of	an	
abstinence-based	 contingency	 management	 intervention	 as	
an	 addition	 to	 usual	 care	 in	 non-methadone	 maintenance	
treatment	(non-MMT)	(Petry	et	al.,	2005)	and	in	methadone	
maintenance	treatment	(MMT)	(Peirce	et	al.,	2006).	All	pro-
grams	were	outpatient	community-based	treatment	providers	
associated	 with	 the	 Clinical	 Trials	 Network	 in	 their	 geo-
graphic	regions.	Non-MMT	participants	were	recruited	from	
eight	treatment	programs	that	did	not	administer	methadone	
or	other	opioid	agonists	(Petry	et	al.,	2005).	Six	of	these	pro-
grams	were	located	in	eastern,	southeastern,	or	southwestern	
urban	regions	of	 the	United	States;	one	was	 located	 in	 the	
suburban	southeast	and	one	in	the	rural	southwest.	Eligible	
participants	included	patients	who	(1)	reported	stimulant	use	
within	2	weeks	of	study	entry,	(2)	used	stimulants	within	2	

weeks	 of	 entering	 a	 controlled	 environment	 (a	 detoxifica-
tion	 unit,	 hospital,	 or	 correctional	 facility)	 and	 exited	 the	
controlled	 environment	 within	 2	 weeks	 of	 study	 entry,	 or	
(3)	submitted	a	stimulant-positive	urine	sample	at	treatment	
entry.
	 MMT	 participants	 were	 recruited	 from	 six	 programs	
located	in	urban	areas	in	the	northeastern,	eastern,	or	south-
western	United	States	(Peirce	et	al.,	2006).	Eligible	partici-
pants	included	opioid-dependent	patients	who	had	(1)	been	
enrolled	 in	 methadone	 maintenance	 for	 a	 minimum	 of	 30	
days	but	not	longer	than	3	years;	(2)	submitted	a	stimulant-
positive	 (cocaine	 or	 amphetamines)	 urine	 sample	 in	 treat-
ment	or	within	2	weeks	of	study	enrollment	based	on	clinic	
records;	(3)	reported	that	they	were	not	in	recovery	from	a	
gambling	problem;	and	(4)	demonstrated	an	understanding	
of	study	procedures	by	correctly	answering	80%	or	more	of	
the	questions	on	a	quiz	covering	the	requirements,	risks,	and	
benefits	of	participation	in	the	parent	study.

Study variables

	 Social	and	demographic	variables	were	collected	at	study	
intake:	 age,	 gender,	 race/ethnicity,	 and	years	of	 education.	
Specific	substance-use	disorders	were	assessed	by	the	DSM-
IV	 checklist	 (Hudziak	 et	 al.,	 1993;	 Wu	 et	 al.,	 2008).	 All	
participants	were	asked	about	past-year	use	of	five	classes	
of	 substances:	 amphetamines/methamphetamine,	 cocaine,	
opioids,	alcohol,	and	marijuana.	If	participants	reported	use	
of	a	substance	in	the	past	year,	they	were	asked	about	each	
of	 the	 seven	 DSM-IV	 dependence	 criteria	 associated	 with	
that	 substance	 (American	 Psychiatric	 Association,	 2000).	
All	 seven	 dependence	 criteria	 were	 assessed	 by	 DSM-IV	
checklist:	 (1)	 tolerance,	 (2)	 withdrawal	 (e.g.,	 manifesting	
two	or	more	symptoms	of	withdrawal	 from	alcohol	use	or	
taking	alcohol	to	relieve	or	avoid	withdrawal	symptoms),	(3)	
substance	often	taken	in	large	amounts	or	for	longer	periods,	
(4)	persistent	desire	or	unsuccessful	attempt	to	cut	down	or	
control	use,	(5)	a	great	deal	of	time	spent	in	activities	neces-
sary	to	get	the	substance,	(6)	important	activities	given	up,	
and	(7)	continued	substance	use	despite	knowledge	of	having	
persistent	or	recurrent	physical	or	psychological	problems.	
The	parent	studies	from	which	these	data	are	drawn	coded	
participants	who	reported	two	or	more	of	the	following	five	
symptoms	 as	 having	 marijuana	 withdrawal:	 (1)	 unable	 to	
sleep	or	sleeping	too	much,	(2)	eating	much	less,	 (3)	poor	
concentration,	 (4)	 extreme	 tiredness/lack	 of	 energy,	 and	
(5)	 headaches	 (unpublished	 Clinical	Trials	 Network	 train-
ing	 documents:	 provided	 by	 coauthor	 R.K.B.).	 Consistent	
with	 DSM-IV	 (American	 Psychiatric	 Association,	 2000),	
participants	who	reported	three	or	more	criterion	symptoms	
of	 dependence	 from	 alcohol	 use	 were	 classified	 as	 having	
dependence.	The	same	logic	was	applied	to	each	of	the	other	
substances.
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Data analyses

	 We	 first	 examined	 the	 distributions	 of	 study	 variables.	
Factor	 analysis	 of	 binary	 data	 was	 then	 conducted	 using	
Mplus	 (Muthén	 and	 Muthén,	 2007)	 to	 examine	 the	 IRT’s	
assumption	of	unidimensionality	 (Hambleton	et	al.,	1991),	
which	 is	 established	 by	 demonstrating	 that	 a	 one-factor	
model	 provides	 the	 most	 parsimonious	 fit	 to	 the	 data.	We	
assessed	 the	 number	 of	 factors	 to	 be	 retained	 with	 the	
scree	test	(Cattell,	1966),	the	ratio	of	the	first	eigenvalue	to	
the	 second	 eigenvalue,	 and	 variance	 explained	 by	 the	 first	
eigenvector.	A	 two-parameter	 normal	 ogive	 IRT	 modeling	
was	 then	 conducted	 with	 BILOg-Mg3	 (Zimowski	 et	 al.,	
2005).	The	two-parameter	model	allowed	us	to	examine	the	
relationship	between	the	participants’	item	performance	and	
the	 traits	underlying	 item	performance,	which	 is	described	
by	a	monotonically	increasing	S-shaped	item	characteristic	
curve	(Embretson	and	Reise,	2000).	An	item	characteristic	
curve	 is	 characterized	 by	 item	 severity	 and	 discrimination	
parameters.	An	item	severity	(threshold)	parameter	indicates	
the	position	of	the	item	characteristic	curve	in	relation	to	the	
latent	continuum	(Embretson	and	Reise,	2000).	It	represents	
the	latent	trait	z	score	in	which	the	probability	of	a	criterion	
symptom	being	present	is	0.5	and	measures	the	severity	of	a	
specific	criterion	on	the	IRT-defined	latent	trait	continuum.	
The	item	discrimination	parameter	measures	 the	degree	of	
precision	with	which	an	item	distinguishes	between	partici-
pants	with	levels	of	the	latent	trait	above	versus	those	with	
levels	below	the	item’s	severity.
	 Test	information	curves	(Baker,	2001)	were	also	created.	
A	 test	 information	 curve	 describes	 where	 along	 the	 latent	
severity	continuum	the	dependence	items	as	a	whole	provide	
the	greatest	amount	of	information.	The	more	information	a	
test	provides	at	a	particular	trait	level,	the	smaller	the	stan-
dard	errors	in	that	range.	Measurement	equivalence	was	then	
examined	using	the	differential	criterion	(item)	functioning	
to	determine	whether	severity	estimates	of	each	item	func-
tioned	differently	across	groups	by	gender	(male	vs	female),	
race/ethnicity	 (nonwhite	 vs	 white),	 age	 (<40	 years	 vs	 ≥40	
years),	 educational	 level	 (<high	 school	 vs	 ≥high	 school),	
and	 treatment	 setting	 (non-MMT	 vs	 MMT).	The	 selection	
of	these	variables	was	based	on	their	previously	reported	as-
sociations	with	alcohol-	or	marijuana-dependence	syndromes	
(Agrawal	and	Lynskey,	2007;	Anthony	et	al.,	1994;	Blanco	
et	al.,	2007;	grant	et	al.,	2004a)	and	on	 the	differences	 in	
substance	use	and	treatment	settings	(non-MMT	vs	MMT).	
The	presence	of	differential	criterion	 functioning	 indicates	
measurement	nonequivalence	or	 item	 response	bias	 across	
groups	(i.e.,	differential	item	severity).
	 Finally,	 MIMIC	 modeling	 using	 Mplus	 (Muthén	 and	
Muthén,	2007)	was	conducted	to	examine	further	the	pres-
ence	 of	 differential	 criterion	 functioning	 by	 demographic	
characteristics	and	treatment	settings	as	well	as	 to	 identify	

subgroups	with	higher	levels	of	the	dependence	risk	(i.e.,	the	
continuous	 latent	 liability	 to	 dependence	 measured	 by	 the	
seven	criteria).	The	Tucker-Lewis	index	(TLI),	comparative	
fit	index	(CFI),	and	the	root	mean	square	error	of	approxima-
tion	(RMSEA)	were	used	to	assess	the	model	fit.	Values	of	
TLI	and	CFI	≥	 .95	(1	=	perfect	fit)	and	values	of	RMSEA	
≤.06	(the	lower	the	better)	indicate	an	excellent	fit	to	the	data	
(Browne	and	Cudeck,	1993;	Hu	and	Bentler,	1999).

Study sample

	 All	 participants	 reported	 past-year	 use	 of	 stimulants.	
Analyses	 were	 based	 on	 the	 subsample	 who	 also	 reported	
past-year	use	of	alcohol	(n	=	462)	or	marijuana	(n	=	311).	
Psychometric	properties	of	cocaine	and	opioid	dependences	
are	 reported	elsewhere	 (Wu	et	al.,	 in	press-b).	The	sample	
size	of	amphetamine	users	was	too	small	for	separate	analy-
ses.	Consistent	with	prior	IRT	research	(e.g.,	Langenbucher	
et	al.,	2004;	Lynskey	and	Agrawal,	2007),	groups	were	not	
mutually	 exclusive.	 Among	 alcohol	 users,	 48%	 also	 used	
marijuana;	among	marijuana	users,	72%	also	used	alcohol.	
More	 than	 half	 (59%)	 of	 the	 participants	 in	 both	 groups	
were	 non-MMT	 patients	 (Table	 1).	Among	 alcohol	 users,	
58%	 were	 ages	 18-39,	 52%	 were	 female,	 and	 53%	 were	
black.	Among	marijuana	users,	65%	were	ages	18-39,	49%	
were	female,	and	41%	were	black.	Cocaine	was	the	primary	
stimulant	used	by	most	alcohol	(93%)	or	marijuana	(87%)	
users.

Results

Prevalence of past year (current) DSM-IV substance-use 
disorders

	 Approximately	 41%	 of	 alcohol	 users	 met	 criteria	 for	
DSM-IV	alcohol	dependence,	and	35%	of	marijuana	users	
met	 criteria	 for	 DSM-IV	 marijuana	 dependence.	 In	 both	
groups,	 the	 great	 majority	 also	 met	 criteria	 for	 cocaine	
dependence:	 76%	 among	 alcohol	 users	 and	 73%	 among	
marijuana	users.	Among	alcohol	users	 (n	=	462),	 a	higher	
prevalence	of	alcohol	dependence	was	noted	among	women	
relative	to	men	(47%	vs	34%;	χ2	test,	p	<	.01),	those	without	
a	high	school	diploma	relative	to	those	with	more	years	of	
education	 (49%	 vs	 37%;	 χ2	 test,	 p	 =	 .02),	 and	 non-MMT	
patients	relative	 to	MMT	patients	(53%	vs	24%;	χ2	 test,	p	
<	 .01).	 Age	 group	 and	 race/ethnicity	 were	 not	 associated	
with	alcohol	dependence.	Among	marijuana	users	(n	=	311),	
a	 higher	 prevalence	 of	 marijuana	 dependence	 was	 noted	
among	patients	younger	than	age	40	relative	to	those	age	40	
years	or	older	(42%	vs	21%;	χ2	test,	p	<	.01)	and	non-MMT	
patients	relative	to	MMT	patients	(43%	vs	24%;	χ2	test,	p	<	
.01).	gender,	race/ethnicity,	and	educational	level	were	not	
associated	with	alcohol	dependence.
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Unidimensionality of dependence criterion symptoms

	 The	 scree	plot	 indicated	 that	 a	 one-factor	model	fit	 the	
data	for	alcohol-	and	marijuana-dependence	criteria,	respec-
tively.	The	 first	 eigenvalue	 and	 the	 first:second	 eigenvalue	
ratio	 were	 high	 for	 both	 substances	 (6.01/0.28	 =	 21.5	 for	
alcohol	dependence;	5.27/0.64	=	8.2	 for	marijuana	depen-
dence).	The	first	eigenvector	explained	86%	of	the	variance	
for	alcohol-dependence	criteria	and	75%	for	marijuana-de-
pendence	criteria.	Both	sets	of	 the	criteria	also	exhibited	a	
high	level	of	internal	consistency	(Cronbach’s	α	coefficient	
≥	0.86).	Results	from	a	one-factor	model	further	supported	
the	unidimensionality	(fit	indexes:	CFI	=	0.996,	TLI	=	0.997,	
RMSEA	 =	 0.067	 for	 alcohol;	 CFI	 =	 0.985,	TLI	 =	 0.987,	
RMSEA	=	0.085	for	marijuana).

Item characteristic curve: Symptom discrimination and 
severity

	 Alcohol.	 As	 shown	 in	 Table	 2,	 all	 alcohol-dependence	
items	exhibited	good	discrimination	(1.8-2.2)	in	distinguish-
ing	between	alcohol	users	along	the	dependence	continuum.	
Several	items	had	particularly	good	discrimination:	“giving	
up	 activities,”	 “time	 spent	 using	 alcohol,”	 “taking	 larger	
amounts,”	 and	 “continued	 use	 despite	 having	 problems”	
(steeper	 lines	 in	 Figure	 1).	 Of	 all	 the	 severity	 parameters	
(.2-.8),	 “withdrawal”	 represented	 a	 more	 severe	 symptom	
(estimate	=	.8)	that	was	endorsed	at	higher	severity	levels	or	
shifted	to	the	right	end	of	the	item	characteristic	curve;	“time	
spent	using	alcohol”	and	“giving	up	activities”	measured	the	
next	most	severe	levels	(Figure	1).

Table	1.	 Selected	characteristics	of	outpatient	stimulant	users,	by	alcohol-	and	marijuana-use	status

	 Past-year	alcohol	 Past-year	marijuana	
Selected	characteristics	 users	(n	=	462),	%	 users	(n	=	311),	%

Treatment	setting
	 Non-methadone-maintenance	treatment	program	 59.3	 58.5
	 Methadone-maintenance	treatment	program	 40.7	 41.5
Age,	years
	 18-39	 58.0	 65.3
	 ≥40	 42.0	 34.7
gender
	 Male	 48.3	 51.1
	 Female	 51.7	 48.9
Race/ethnicity
	 Black	 53.2	 41.2
	 White	 27.3	 36.0
	 Hispanic	 13.9	 17.7
	 Other	 5.6	 5.1
Education,	years
	 <12	 34.2	 36.3
	 ≥12	 65.8	 63.7
Types	of	stimulants	used
	 Amphetamines/methamphetamine	 14.3	 24.4
	 Cocaine	 93.1	 86.5
Past	year	DSM-IV	substance	abuse
	 Alcohol	 13.0	 12.9
	 Marijuana	 4.5	 10.3
	 Amphetamines	 0.9	 1.3
	 Cocaine	 4.1	 3.5
	 Opioids	 1.7	 0.6
Past	year	DSM-IV	substance	dependence
	 Alcohol	 40.9	 30.2
	 Marijuana	 17.3	 35.0
	 Amphetamines	 10.6	 20.3
	 Cocaine	 75.8	 73.3
	 Opioids	 38.1	 43.4
No.	of	DSM-IV	dependence	symptoms	among	users
	 0	 42.6	 45.3
	 1	 10.0	 8.4
	 2	 6.5	 11.3
	 3	 7.1	 8.4
	 4	 6.3	 8.7
	 5	 6.5	 5.8
	 6	 6.1	 7.1
	 7	criterion	symptoms	 14.9	 5.1

Note:	DSM-IV	=	Diagnostic	and	Statistical	Manual	of	Mental	Disorders,	Fourth	Edition.
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	 Marijuana.	 All	 marijuana-dependence	 items	 revealed	
moderately	high	values	of	discrimination	(1.5-1.8),	and	the	
items	 found	 to	have	greater	discrimination	 than	 the	others	
were	similar	to	the	alcohol-dependence	items.	Of	all	severity	
parameters	(0.3-1.2),	“withdrawal”	(estimate	=	1.2)	also	rep-
resented	the	most	severe	symptom	on	the	IRT-defined	latent	
trait	 continuum;	 “continued	 use	 despite	 having	 problems”	
and	 “giving	 up	 activities”	 captured	 the	 next	 most	 severe	
levels	(Figure	2).

Test information curve: Test information and measurement 
precision

	 Test	 information	 curves	 and	 their	 aggregated	 standard	
errors	of	measurement	were	 examined	 to	better	 assess	 the	
amount	 of	 information	 yielded	 by	 the	 criteria	 across	 the	
dependence	 continuum	 (Figures	3	 and	4).	The	 alcohol-de-
pendence	criteria	as	a	whole	provided	a	good	measure	 for	
a	 slightly	narrow	range	of	moderately	severe	 levels	on	 the	

Figure	1.	 Item	characteristic	curves	for	alcohol-dependence	criteria.	An	item	characteristic	curve	is	characterized	by	item	severity	and	discrimination	pa-
rameters.	It	relates	the	probability	of	endorsing	symptoms	to	the	dependence	continuum.

Table	2.	 The	item	response	theory	analysis	of	past-year	DSM-IV	alcohol-	and	marijuana-dependence	symptoms

	 Alcohol	users	(n	=	462)	 Marijuana	users	(n	=	311)

	 	 	 Item	 Item	 	 	 Item	 Item	
	 Prev.	 Factor	 discrim.	 severity	 Prev.	 Factor	 discrim.	 severity	
Symptoms	of	dependence	 %	 loadings	 (SE)	 (SE)	 %	 loadings	 (SE)	 (SE)

D1:	Tolerance	 40.3	 .89	 1.80	(0.14)	 0.28	(0.07)	 34.1	 .80	 1.51	(0.12)	 0.52	(0.09)
D2:	Withdrawal	 24.5	 .90	 1.88	(0.16)	 0.82	(0.07)	 16.7	 .78	 1.61	(0.13)	 1.17	(0.10)
D3:	Taking	larger	amounts	 34.8	 .93	 1.98	(0.17)	 0.45	(0.07)	 31.8	 .91	 1.79	(0.16)	 0.58	(0.09)
D4:	Unable	to	cut	down	 44.4	 .87	 1.79	(0.13)	 0.15	(0.06)	 39.9	 .82	 1.60	(0.13)	 0.33	(0.09)
D5:	Time	spent	using	or
	 recovering	 30.5	 .95	 2.03	(0.18)	 0.59	(0.07)	 32.2	 .92	 1.84	(0.17)	 0.56	(0.09)
D6:	giving	up	activities	 31.2	 .97	 2.16	(0.21)	 0.56	(0.07)	 21.9	 .90	 1.80	(0.17)	 0.92	(0.10)
D7:	Continued	use	despite
	 having	problems	 37.2	 .92	 1.97	(0.17)	 0.37	(0.07)	 21.5	 .84	 1.66	(0.14)	 0.95	(0.10)

Notes:	DSM-IV	=	Diagnostic	 and	Statistical	Manual	of	Mental	Disorders,	Fourth	Edition;	prev.	=	prevalence;	discrim.	=	discrimination;	D	=	
dependence	symptoms.
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continuum	(i.e.,	low	values	of	standard	errors	on	both	sides).	
The	 marijuana-dependence	 criteria	 provided	 a	 high	 level	
of	information	and	precision	in	capturing	a	wider	range	of	
moderately	severe	levels	on	the	continuum.

Differential criterion functioning: Item equivalence across 
groups

	 Results	of	differential	criterion	functioning	from	BILOg-
Mg3	indicated	measurement	equivalence	in	severity	param-
eters	of	each	criterion	of	alcohol	and	marijuana	dependences	
by	gender,	race/ethnicity,	age	group,	educational	level,	and	
treatment	 setting	 except	 for	 “alcohol	 tolerance”	 by	 treat-
ment	setting.	The	mean	(SE)	severity	threshold	of	tolerance	
was	significantly	 lower	among	MMT	patients	 (-.27	[.087])	
than	 among	 non-MMT	 patients	 (.12	 [.069]).	 Thus,	 at	 the	
equivalent	 dependence	 level,	 MMT	 patients	 (with	 a	 lower	
severity	threshold)	were	more	likely	than	non-MMT	patients	
to	endorse	“tolerance.”

Multiple indicators–multiple causes modeling

	 MIMIC	 modeling	 provided	 a	 further	 check	 on	 item	
response	bias	by	allowing	the	inclusion	of	statistical	adjust-
ment	 for	 demographic	 and	 treatment	 setting	 variables	 in	
the	 same	 model.	This	 information	 is	 not	 provided	 by	 IRT	

modeling	because	it	examines	item	response	bias	one	vari-
able	at	a	 time	(e.g.,	splitting	into	two	groups).	In	addition,	
MIMIC	 modeling	 helps	 generate	 “less	 biased”	 estimates	
for	 subgroups	 at	 risk	 for	 dependence,	 while	 adjusting	 for	
the	 identified	 item	 response	 bias	 in	 a	 risk	 factor	 analysis.	
The	MIMIC	model	of	alcohol	 (CFI	=	0.991,	TLI	=	0.995,		
RMSEA	=	0.053)	and	marijuana	dependence	(CFI	=	0.985,	
TLI	=	0.989,	RMSEA	=	0.048)	fit	the	data	very	well.
	 Measurement equivalence.	 The	 results	 were	 consis-
tent	 with	 differential	 criterion	 functioning	 findings	 from		
BILOg-Mg3.	 MMT	 patients	 were	 more	 likely	 than	 non-

Figure	2.	 Item	characteristic	curves	for	marijuana-dependence	criteria.	An	item	characteristic	curve	 is	characterized	by	 item	severity	and	discrimination	
parameters.	It	relates	the	probability	of	endorsing	symptoms	to	the	dependence	continuum.

Figure	3.	 Test	information	curve	for	alcohol-dependence	criteria.	The	test	
information	curve	indicates	where	along	the	latent	severity	continuum	the	
dependence	items	as	a	whole	provide	the	most	information.	Solid	line	=	the	
total	test	information;	dotted	line	=	standard	error.
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MMT	patients	 to	 endorse	 symptoms	of	 tolerance	 from	 al-
cohol	use	(regression	coefficient	=	.49,	p	<	.001)	even	after	
holding	constant	the	level	of	the	latent	dependence	risk,	key	
demographics,	and	treatment	setting.	In	contrast,	there	was	
no	 differential	 criterion	 functioning	 for	 marijuana-depen-
dence	items.
	 Predictors of higher levels of the alcohol-dependence 
risk.	To	explore	 the	 impact	of	 item	response	bias	on	asso-
ciations	 between	 each	 predictor	 and	 the	 dependence	 risk,	
we	 compared	 the	 model	 excluding	 differential	 criterion	
functioning	 (i.e.,	 treatment	 setting	 on	 tolerance)	 with	 the	
model	 including	 it.	 The	 presence	 of	 differential	 criterion	
functioning	 was	 found	 to	 have	 no	 impact	 on	 associations	
for	 each	 demographic	 predictor,	 only	 a	 modest	 change	 in	
the	association	for	treatment	setting	(from	-.71	to	-.80	after	
adjusting	differential	criterion	functioning),	and	no	change	
in	the	p	values	for	each	predictor.	Using	MIMIC	modeling	
to	hold	constant	item	response	bias	(i.e.,	treatment	setting	on	
tolerance),	women	were	much	more	likely	than	men	to	have	
higher	 levels	 of	 alcohol-dependence	 risk	 (regression	 coef-
ficient	=	 .21,	p	<	 .05).	Patients	with	versus	without	a	high	
school	diploma	(-.30,	p	<	.01)	and	MMT	patients	compared	
with	non-MMT	patients	(-.80,	p	<	.01)	had	lower	levels	of	
alcohol-dependence	 risk.	 Race/ethnicity	 and	 age	 were	 not	
associated	with	alcohol-dependence	risk.
	 Predictors of higher levels of marijuana-dependence risk.	
MIMIC	modeling	showed	that	patients	age	40	or	older	versus	
those	younger	than	age	40	(-.28,	p	<	.03)	and	MMT	patients	
compared	with	non-MMT	patients	(-.40,	p	<	.01)	had	lower	
levels	of	marijuana-dependence	risk.	gender,	race/ethnicity,	
and	 education	 were	 not	 associated	 with	 marijuana-depen-
dence	risk.

Discussion

	 Within	this	diverse	sample	of	MMT	and	non-MMT	outpa-
tients	who	reported	recent	stimulant	use,	41%	of	participants	
who	 also	 used	 alcohol	 met	 DSM-IV	 criteria	 for	 alcohol	

dependence,	and	35%	of	those	who	also	used	marijuana	met	
criteria	 for	 marijuana	 dependence.	The	 IRT	 analysis	 indi-
cated	that	dependence	on	alcohol	or	marijuana	as	assessed	
by	the	DSM-IV	checklist	was	arrayed	along	a	continuum	of	
severity.	All	individual	diagnostic	criteria	also	showed	good	
discrimination	 in	distinguishing	 substance	users	who	were	
higher	versus	lower	on	the	dependence	severity	continuum.	
The	MIMIC	modeling	further	revealed	item	severity	equiva-
lence	 in	 the	 endorsement	 of	 alcohol-	 or	 marijuana-depen-
dence	 symptoms	by	gender,	 age	group,	 race/ethnicity,	 and	
education	level.
	 These	findings	provide	both	new	and	impressive	evidence	
of	a	single-dimensional	construct	for	alcohol-	and	marijuana-
dependence	syndromes	and	replicate	prior	studies	reporting	
on	 smaller	 or	 less	 geographically	 diverse	 samples	 (e.g.,		
Feingold	and	Rounsaville,	1995;	Kosten	et	al.,	1987;	Mor-
genstern	 et	 al.,	 1994;	 Rounsaville	 et	 al.,	 1993).	They	 also	
extend	earlier	work	by	demonstrating	minimal	item	response	
biases	in	the	endorsement	of	dependence	symptoms	by	key	
demographic	characteristics	 in	a	diverse	 sample.	Although	
we	found	item	response	biases	related	to	reporting	of	toler-
ance	of	alcohol	use	by	treatment	setting,	this	had	no	appre-
ciable	impact	on	estimates	of	associations	between	predictors	
and	dependence	risk	in	the	MIMIC	model.	This	suggests	that	
the	effect	of	item	response	bias	may	be	minimal.	It	does	sug-
gest,	however,	that	the	alcohol-using	MMT	participants	have	
a	lower	threshold	for	reporting	tolerance	to	alcohol	compared	
with	 alcohol-using	 non-MMT	 participants.	 Alcohol-use	
disorder	 is	 prevalent	 among	 MMT	 patients	 (Disney	 et	 al.,	
2005),	 and	 there	 is	 a	 possible	 pharmacokinetic	 interaction	
between	 alcohol	 and	 methadone,	 with	 alcohol	 altering	 the	
steady-state	disposition	kinetics	of	methadone	(Tommasello	
and	Adir,	1984).	One	possible	future	direction	would	be	to	
examine	 whether	 co-use	 of	 alcohol	 and	 opioids	 decreases	
patients’	 threshold	 for	 perceiving	 the	 need	 for	 increased	
amounts	of	alcohol	to	achieve	the	desired	effect.

Item discrimination

	 Consistent	with	 the	study	of	cocaine	and	opioid	depen-
dence	among	MMT	patients	 (Wu	et	al.,	 in	press-b)	and	of	
alcohol-use	disorders	among	alcohol	users	in	the	community	
(Saha	et	al.,	2006),	symptoms	indicative	of	compulsive	sub-
stance	 use	 provided	 good	 discrimination	 between	 patients	
with	varying	levels	of	dependence.	“Taking	larger	amounts,”	
“time	 spent	 using	 the	 substance,”	 “giving	 up	 other	 activi-
ties,”	and	“continued	use	despite	problems”	all	showed	good	
discrimination	and	precision	in	measuring	the	alcohol-	and	
marijuana-dependence	continuum.	Additional	research	might	
be	 able	 to	 show	 that	 these	 items	 may	 have	 good	 clinical	
utility	 as	 rapid	 screens	 to	 identify	 problematic	 users	 that	
may	 benefit	 from	 additional	 monitoring	 or	 more	 focused	
interventions.	As	noted	by	Edwards	(2008),	the	dependence	
syndrome	 is	 a	 very	 personal	 experience,	 and	 these	 results	

Figure	4.	 Test	information	curve	for	marijuana-dependence	criteria.	The	
test	information	curve	indicates	where	along	the	latent	severity	continuum	
the	dependence	items	as	a	whole	provide	the	most	information.	Solid	line	
=	the	total	test	information;	dotted	line	=	standard	error.
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support	 his	 recommendation	 that	 cognitive	 components	 of	
compulsive	substance	use	should	be	evaluated	in	patients.

Item severity

	 According	 to	 DSM-IV	 (American	 Psychiatric	Associa-
tion,	2000),	 the	presence	of	either	 tolerance	or	withdrawal	
constitutes	 a	 physiological	 subtype	 of	 dependence	 that	 is	
widely	regarded	as	a	severity	indicator.	Irrespective	of	alco-
hol	or	marijuana	use,	we	found	that	“withdrawal”	measured	
a	 high	 level	 of	 severity	 on	 the	 dependence	 continuum	 as	
defined	by	 IRT	modeling,	whereas	 “tolerance”	 indicated	a	
lower	 severity	 level.	 Prior	 studies	 have	 found	 that	 alcohol	
withdrawal	 symptoms,	 but	 not	 tolerance,	 predicted	 poorer	
treatment	outcomes	for	alcohol-dependence	disorder	(Hasin	
et	al.,	2000)	and	a	greater	number	of	substance	use-related	
problems	(Schuckit	et	al.,	2003).	The	present	findings	repli-
cate	earlier	findings	and	do	so	in	a	more	diverse	sample	of	
patients	and	treatment	programs	and	modalities.	Also,	similar	
to	other	studies	(Hasin	et	al.,	2000;	Schuckit	et	al.,	2003),	
the	present	findings	do	not	favor	the	value	of	tolerance	alone	
in	 determining	 physiological	 dependence	 in	 DSM-IV.	 One	
reasonable	direction	for	future	work	would	be	to	determine	
whether	the	item	of	higher	dependence	risk	(i.e.,	withdrawal)	
from	IRT	modeling	can	be	used	as	an	indicator	of	the	need	
for	medical	detoxification	or	for	more	intensive	inpatient	or	
outpatient	management,	as	 suggested	by	current	American	
Society	of	Addiction	Medicine	guidelines.
	 It	is	noteworthy	that	the	marijuana	withdrawal	symptoms	
reported	by	participants	indicated	severe	levels	on	the	IRT-
defined	 dependence	 continuum	 given	 that	 DSM-IV	 does	
not	recognize	the	presence	of	withdrawal	for	this	drug	class	
(American	 Psychiatric	 Association,	 2000).	 Nonetheless,	 a	
laboratory	 model	 for	 marijuana	 withdrawal	 has	 been	 re-
ported	 (Lichtman	 and	 Martin,	 2005).	 Other	 recent	 studies	
both	 support	 and	extend	 the	 laboratory	work	by	providing	
further	evidence	for	a	marijuana	withdrawal	syndrome	and	
its	association	with	higher	levels	of	continuous	use	(Budney,	
2006)	and	a	more	severe	dependence	syndrome	(gillespie	et	
al.,	2007;	Lynskey	and	Agrawal,	2007).	Likewise,	the	pres-
ent	study	dovetails	with	some	earlier	findings	showing	that	
adults	with	versus	without	a	 self-reported	history	of	mari-
juana	withdrawal	had	a	more	 severe	 spectrum	of	drug-use	
problems	(Schuckit	et	al.,	1999).
	 Budney	(2006)	recently	proposed	six	symptoms	of	mari-
juana	 withdrawal	 for	 consideration	 in	 DSM-V	 (i.e.,	 anger	
or	aggression,	decreased	appetite	or	weight	loss,	irritability,	
nervousness	or	anxiety,	restlessness,	and	sleep	difficulties).	
Several	 of	 the	 withdrawal	 symptoms	 listed	 in	 the	 present	
study	 resemble	 those	 suggested	 by	 Budney	 (2006):	 un-
able	to	sleep/sleeping	too	much	and	eating	much	less);	the	
remaining	 three	 have	 been	 reported	 by	 marijuana	 users	 as	
withdrawal	symptoms	(Budney,	2006;	Budney	et	al.,	2003;	
Crowley	 et	 al.,	 1998).	 Because	 specific	 withdrawal	 symp-

toms	were	not	 individually	recorded	 in	 the	public-use	data	
files	 in	 the	 present	 study,	 a	 further	 analysis	 of	 individual	
withdrawal	 symptoms	 was	 not	 possible.	Additional	 inves-
tigations	applying	IRT	modeling	 to	marijuana	users	would	
help	to	determine	the	discrimination	and	precision	of	each	
observed	 symptoms	 of	 withdrawal	 in	 relation	 to	 the	 mari-
juana-dependence	construct.

Predictors of the dependence risk

	 Finally,	 MIMIC	 modeling	 indicated	 that	 alcohol	 users	
who	were	female,	less	educated,	or	in	non-MMT	programs	
had	higher	levels	of	alcohol-dependence	risk	and	that	mari-
juana	users	younger	than	age	40	or	in	non-MMT	programs	
had	 higher	 levels	 of	 marijuana-dependence	 risk.	 Hence,	
treatment-seeking	substance	users	who	are	using	these	drugs,	
especially	 if	 they	 are	 female,	 younger,	 and	 less	 educated,	
may	 require	 extra	 clinical	 monitoring	 because	 of	 their	 el-
evated	risk	for	substance	dependence.	Results	also	suggest	
that	female	stimulant	users	who	consume	alcohol	may	be	at	
heightened	 risk	 for	 problem	 use	 given	 their	 increased	 risk	
for	 alcohol	 dependence	 and	 that	 substance	 dependence	 in	
non-MMT	patients	may	be	equally	severe	in	MMT	patients.	
This	heightened	risk	for	alcohol	dependence	among	female	
stimulant	 users	 in	 the	 present	 study	 has	 some	 important	
implications	for	clinical	interventions	and	research	because	
the	 association	 was	 robust	 and	 was	 not	 distorted	 by	 item	
response	bias	in	relation	to	the	other	key	demographic	vari-
ables	examined.	This	finding	may	be	related	 to	heightened	
risk	 for	 stimulant	 dependence	 among	 women	 compared	
with	men	(Wu	et	al.,	 in	press-a;	Wu	and	Schlenger,	2003).	
For	 instance,	 our	 study	 of	 latent	 class	 analysis	 of	 cocaine	
dependence	 among	 treatment-seeking	 cocaine	 users	 found	
that	women	were	 significantly	more	 likely	 than	men	 to	be	
classified	 into	 the	 most	 severe	 subtype,	 characterized	 by	
exhibiting	almost	all	of	the	dependence	criteria	(Wu	et	al.,	in	
press-a).	Because	cocaine-	and	alcohol-dependence	disorders	
are	frequently	comorbid	(Higgins	et	al.,	1994;	Brooner	et	al.,	
1997)	and	alcohol	is	often	used	by	cocaine	users	to	moder-
ate	 the	 agitation	 and	 general	 discomfort	 associated	 with	
postcocaine	use	(Magura	and	Rosenblum,	2000),	increased	
levels	of	alcohol	dependence	may	occur	in	combination	with	
cocaine	dependence	as	noted	in	this	sample.

Limitations and strengths

	 These	 results	 are	 based	 on	 a	 clinically	 diverse	 sample	
of	 substance	 abusers	 who	 were	 in	 treatment	 for	 abuse	 of	
stimulants	 or	 other	 substances	 (e.g.,	 opioids,	 alcohol,	 and	
marijuana)	and	may	not	generalize	well	to	treatment-seeking	
substance	 users	 or	 the	 general	 population	 who	 do	 not	 use	
stimulants.	The	study	sample	may	represent	a	group	of	more	
problematic	users	of	alcohol	or	marijuana	than	those	in	the	
general	population.	Although	this	is	a	limitation	of	the	study,	



	 WU	ET	AL.	 423

it	is	also	one	of	its	strengths.	The	data	were	collected	from	
patients	in	14	outpatient	programs	across	the	United	States,	
stimulant	use	is	commonly	reported	in	these	and	similar	set-
tings,	and	stimulant	use	(cocaine	or	amphetamines)	consti-
tutes	more	than	70%	of	illicit	drug-related	visits	to	hospital	
emergency	 departments	 nationally	 (Substance	 Abuse	 and	
Mental	 Health	 Services	 Administration,	 2007).	 Findings	
from	the	present	report	are	likely	to	generalize	to	these	set-
tings.	 In	 addition,	 this	 study	 showed	 that	 patient-reported	
dependence	 on	 alcohol	 or	 marijuana	 can	 be	 assessed	 ap-
propriately,	a	finding	that	favors	the	use	of	patient-reported	
outcome	measures	in	addiction	treatment	trials	(Babor	et	al.,	
2000).
	 Another	limitation	of	the	study	is	the	possibility	of	inac-
curate	reporting	or	recall	errors	because	of	reliance	on	self-
reported	 symptoms	 without	 other	 informant	 information.	
This	 problem	 is	 common	 in	 the	 field	 and	 one	 that	 limits	
most	studies	in	this	area.	The	fact	that	our	present	findings	
replicate	and	extend	those	of	earlier	studies,	however,	does	
provide	 some	 assurance	 of	 the	 validity	 of	 these	 data	 (Ba-
bor	 et	 al.,	 2000).	 Comparisons	 of	 our	 findings	 concerning	
marijuana	withdrawal	with	others	are	also	limited	by	a	lack	
of	agreement	on	the	presence	or	characteristics	of	its	symp-
toms	in	the	literature.	Nonetheless,	the	symptoms	that	were	
assessed,	although	not	comprehensive,	were	consistent	with	
reports	(Budney,	2006;	Budney	et	al.,	2003;	Crowley	et	al.,	
1998)	and	with	other	studies	reporting	marijuana	withdrawal	
symptoms	as	a	significant	correlate	of	continuing	use	and	a	
more	severe	problem	profile	(Budney,	2006;	Schuckit	et	al.,	
1999).	Lastly,	because	of	resource	constraints,	abuse	was	not	
assessed	among	subjects	who	met	the	criteria	for	dependence	
on	the	substance	in	question	because	a	diagnosis	of	depen-
dence	excludes	a	diagnosis	of	abuse	(American	Psychiatric	
Association,	 2000)	 and	 because	 having	 the	 abuse	 data	 for	
participants	who	met	the	criterion	for	dependence	on	a	given	
drug	class	was	deemed	unnecessary	for	the	purposes	of	the	
primary	studies.	Thus	the	psychometric	properties	of	DSM-
IV	abuse	criteria	were	not	examined.

Conclusions and implications

	 Results	from	this	psychometric	modeling	study	favor	the	
clinical	utility	of	the	DSM-IV	checklist	in	assessing	alcohol	
and	 marijuana	 dependences	 among	 substance	 abusers	 in	
methadone	and	nonmethadone	treatment	programs	who	also	
use	stimulants.	They	clearly	support	 the	construct	of	a	de-
pendence	syndrome	with	varying	levels	of	severity	for	both	
marijuana	and	alcohol	in	this	diverse	sample.	The	generic	set	
of	dependence	criteria	employed	in	DSM-IV	that	consist	of	
components	of	neuroadaptation	(tolerance	and	withdrawal),	
maladaptive	 cognitions,	 and	 impaired	control	of	 substance	
use	 (American	 Psychiatric	 Association,	 2000)	 appears	 to	
be	 applicable	 to	 either	 alcohol	 or	 marijuana	 dependence.	
If	no	biological	marker	or	better	construct	 for	dependence	

emerges	(Koob,	2006),	this	study	suggests	that,	when	moving	
to	DSM-V,	 there	 is	 little	 reason	for	changing	 these	criteria	
for	alcohol	and	marijuana.	These	data	also	show	that	with-
drawal	symptoms	identify	a	relatively	high	severity	level	of	
dependence	on	the	IRT-defined	continuum	across	alcohol	and	
marijuana	users.	Thus,	withdrawal	symptoms	for	marijuana	
use	should	be	studied	further	for	consideration	of	including	
in	 the	 DSM-V.	 The	 presence	 of	 withdrawal	 symptoms	 in	
patients	reporting	marijuana	use	suggests	that	it	is	important	
to	more	clearly	define	them	and	to	emphasize	the	importance	
of	 discussions	 between	 clinicians	 and	 patients	 about	 their	
marijuana	use	 and	 the	process	of	 stopping.	The	 consistent	
association	between	severity	of	dependence	and	withdrawal	
supports	the	DSM-IV	subtyping	of	“with	or	without	physi-
ological	features”	and	that	this	item	should	continue	to	have	
a	significant	role	in	treatment	planning	and	patient	placement	
criteria.
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