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Background:  Two  item  banks  for substance  use were  developed  as part of  the  Patient-Reported  Outcomes
Measurement  Information  System  (PROMIS®):  severity  of  substance  use and  positive  appeal  of  substance
use.
Methods:  Qualitative  item  analysis  (including  focus  groups,  cognitive  interviewing,  expert  review,  and
item  revision)  reduced  an initial  pool  of more  than  5300  items  for substance  use  to  119  items  included
in  field  testing.  Items  were  written  in  a first-person,  past-tense  format,  with  5  response  options  reflect-
ing  frequency  or  severity.  Both  30-day  and  3-month  time  frames  were  tested.  The  calibration  sample  of
1336 respondents  included  875  individuals  from  the  general  population  (ascertained  through  an  inter-
net  panel)  and  461 patients  from  addiction  treatment  centers  participating  in the  National  Drug Abuse
Treatment  Clinical  Trials  Network.
Results:  Final  banks  of  37 and  18 items  were  calibrated  for severity  of substance  use  and  positive  appeal  of
substance  use,  respectively,  using  the two-parameter  graded  response  model  from  item  response  theory
(IRT).  Initial  calibrations  were  similar  for the  30-day  and  3-month  time  frames,  and  final  calibrations  used

data  combined  across  the  time  frames,  making  the  items  applicable  with  either  interval.  Seven-item  static
short forms  were  also  developed  from  each  item  bank.
Conclusions:  Test  information  curves  showed  that  the  PROMIS  item  banks  provided  substantial  informa-
tion  in  a broad  range  of severity,  making  them  suitable  for treatment,  observational,  and  epidemiological
research  in  both  clinical  and  community  settings.

© 2015 Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction
The Patient-Reported Outcomes Measurement Information Sys-
em (PROMIS®) is designed to improve assessment of self-reported

� Supplementary materials for this article can be found by accessing the online
ersion of this paper.
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outcomes using state-of-the-art psychometric methods (see www.
nihpromis.org). PROMIS item banks provide a comprehensive
profile of health status, including physical functioning, pain, fatigue,
sleep disturbance, emotional distress, alcohol use, and social par-
ticipation (Buysse et al., 2010; Cella et al., 2010; Fries et al.,
2009; Pilkonis et al., 2011, 2013; Revicki et al., 2009). PROMIS is
the most ambitious attempt to date to apply models from item
response theory (IRT) to health-related assessment (Cella et al.,

2010; Hilton, 2011; Reeve et al., 2007). We  report here on the
development and calibration of two item banks measuring sever-
ity of substance use and the positive appeal of substance use, an
important motivational factor influencing the development and
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Demographic characteristics of the YouGov sample and the clinical sample
(combined across all sites) are summarized in Table 1. Members of the clinical sam-
ple  were younger (p < .001) and less well educated (p < .001) than participants from
the  community. There were racial differences between the two samples (p < .001),
P.A. Pilkonis et al. / Drug and Alc

reatment of substance use disorder (Cox et al., 2015; Dow and
elly, 2013).

In the area of substance use, analyses relying on IRT have been
sed for multiple purposes: investigation of the dimensionality
nd informational value of diagnostic criteria for substance use
isorders (Langenbucher et al., 2004; Lynskey and Agrawal, 2007;
aha et al., 2012); refinement of existing instruments (e.g., the
lcohol, Smoking and Substance Involvement Screening Test,
SSIST; the Global Appraisal of Individual Needs, GAIN), often

o shorten them for purposes of more efficient screening (Ali
t al., 2013; Stucky et al., 2014); and development of scales to
ssess constructs relevant to substance use, e.g., risk behavior
elated to injecting drugs, alexithymia (Hendryx et al., 1992;
anulis, 2014). The DSM-5 Substance-Related Disorders Work
roup reviewed 39 IRT studies on the scaling and calibration of
riteria for substance abuse and dependence. On the basis of this
vidence, the Work Group eliminated the distinction between
buse and dependence in favor of a single category—substance use
isorder—operationalized with 11 criteria (Hasin et al., 2013). The
iagnostic criteria are sufficiently unidimensional for calibration
ith IRT models, but they are high-threshold items most relevant

t the severe end of the continuum of substance use (Hartman et al.,
008; Langenbucher et al., 2004; Lynskey and Agrawal, 2007). Our
oal was to identify not only items consistent with the diagnostic
riteria but also items that were more normally distributed in a
ample that included drug users in the community as well as drug
sers seeking treatment. Such items will provide more information
cross a broader range of the continuum of substance use. For this
eason, they should constitute more sensitive measures of treat-
ent outcome and result in a single metric of severity that can be

sed across treatment, observational, and epidemiological studies.
Drugs of abuse are too various to encourage the development

f separate item banks for individual substances, especially in the
ROMIS context where the mandate is to develop item banks for
eneric constructs relevant to all chronic diseases. Therefore, we
ook a broad approach and created items that referred to “drugs” in
eneral. This approach is also consistent with the clinical epidemi-
logy of many secondary and tertiary care facilities where patients
ppearing for treatment often abuse multiple substances (Stinson
t al., 2005).

Substance use may  vary over time as a function of availability of
ifferent drugs, resources for procuring drugs, periods of incarcer-
tion, and other life circumstances. Thus, an important issue is the
referred time frame for items. A shorter time frame (e.g., the past
0 days) is preferable while patients are in treatment and during
he early stages of recovery when they are at high risk of relapse.
hus, a shorter period would be most suitable for clinical trials,
reatment outcome studies, and comparative effectiveness studies
here the priorities are repeated measurements and responsive-
ess to change over relatively brief periods. By contrast, a longer
ime frame (e.g., the past 3 months) allows aggregation of use over

 more extended interval and may  be more appropriate for obser-
ational or epidemiological studies. Rather than making an a priori
ecision about time frame, we chose to investigate empirically the
sychometric implications of 30-day and 3-month time frames.
hus, the same item pool was administered to two different sam-
les receiving one or the other of the two time frames, allowing
xamination of the performance of items under the two  conditions.

. Methods

.1. Development of item pool
.1.1. Comprehensive literature searches. We performed searches in the MEDLINE,
sycINFO, and Health and Psychosocial Instruments (HaPI) databases. Details of
he methodology are reported in Klem et al. (2009). The searches generated 3388
bstracts linked to more than 80 unique measures of substance use. Copies of the
ependence 156 (2015) 184–192 185

measures were gathered from both electronic and print sources, and measures were
reviewed at the item level.

2.1.2. Conceptual organization of items. The initial substance use item pool con-
tained over 5300 items. We  organized the items into conceptually meaningful
categories using a hierarchical approach informed by previous empirical work (e.g.,
factor analyses) and clinical formulation. Prior work had divided substance use items
into domains relevant both to the DSM categorization of substance use disorders,
e.g., syndromal indicators of dependence, negative consequences associated with
substance use (Green et al., 2011; Krueger et al., 2004; Muthén, 2006; Saha et al.,
2007), and to broader themes, e.g., motivations for drug use, drug-seeking behaviors
(Jones et al., 2001; Korcha et al., 2011; Pabst et al., 2009). Our hierarchical structure
for  substance use included five domains: motivations for use, intended effects of
use, drug-seeking behaviors, patterns of consumption, and negative consequences of
use. We also created 38 distinct facets across the 5 domains. For example, within the
domain of negative consequences, we  included separate facets for physical, mental,
social, and legal consequences.

2.1.3. Focus groups. To ensure comprehensive coverage of the substance use
domain from the patient perspective, we  conducted two focus groups and performed
thematic analyses of the topics discussed (Castel et al., 2008; Kelly et al., 2011). Mem-
bers  of the groups (n = 15) were recruited from outpatient substance use treatment
programs. The average age was 41 (SD = 9). Females (53%) and members of minor-
ity groups were well-represented (race = African American 53%, ethnicity = Hispanic
6%). Two-thirds of the participants (67%) had no formal education beyond high
school.

Using semi-structured scripts, facilitators prompted participants to discuss their
experiences with substance use and the characteristics of problematic consumption.
Research staff reviewed process notes from the groups and audio recordings, paying
close attention to appraisals of use (consequences of substance use, intended versus
actual effects of use) and contexts and triggers of substance-related experiences. Par-
ticipants discussed a variety of consequences of substance use: physical (e.g., pain,
contracting sexually transmitted diseases), mental (e.g., decreased concentration,
emotional distress), social (e.g., loss of friends and relationships), and financial (e.g.,
job loss, debt). In an era when legalization of marijuana for medical and recreational
purposes is becoming more common, we were also attentive to perceived positive
aspects of substance use. The appeal of substance use included both increasing posi-
tive emotions (e.g., feeling happy and social) and alleviating negative emotions (e.g.,
reducing depression and anxiety). The general goal was  to enrich our item pool with
content not always represented on traditional questionnaires. We were also eager
to  identify potential items with lower thresholds for endorsement (e.g., used only
on  weekends, used only in certain situations).

2.1.4. Cognitive interviews. Forty-three participants from outpatient substance
use  treatment programs were recruited for cognitive interviews. All items were
reviewed by at least six individuals. An effort was  made to include adequate num-
bers of women and members of minority groups (47% and 53%, respectively). Forty
percent reported no formal education beyond high school. An interviewer met  with
participants and asked each to “think aloud” while responding to items. Participants
were then prompted for feedback on the language and clarity of items and the rele-
vance of the content. Of the 338 items reviewed by participants, 72% were acceptable
as  presented, 15% were re-written, and 14% were deleted. Of the re-written items, a
majority (82%) required a revision to the item stem (content) versus the time frame
or  response options.

The cognitive interviews and continued revision of the items by members of the
research team produced a pool of 119 items for general substance use. More details
of  the qualitative review process and its results are described in the supplement
available online.2

2.2. Sampling

We administered the items to an Internet sample of 875 participants from the
general population and a clinical sample of 461 patients in treatment for substance
use disorders in North Carolina, Oregon, and Pennsylvania. The treatment centers
participated in the National Drug Abuse Treatment Clinical Trials Network (McCarty
et  al., 2008; Tai et al., 2010). The internet sample was collected through YouGov, a
web-based polling firm in Palo Alto, CA. Eligible participants reported use of an illicit
substance within either the past 30 days or the past 3 months in initial screening.
This  procedure resulted in two  calibration samples: substance use in the past 30
days  (n = 765; internet = 459, clinical = 306), and substance use in the past 3 months
(n  = 571; internet = 416, clinical = 155).
2 Supplementary material can be found by accessing the online version of this
paper.
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Table 1
Demographic characteristics of the calibration sample.

Clinical sample
(n = 461)

Community sample
(n = 875)

Characteristic % %

Sex
Male 50.8 49.6

Ethnicity
Hispanic 5.4 13.1

Race
American Indian/Alaska Native 2.2 0.0
Asian 0.9 1.3
Black/African American 22.3 10.3
White 68.8 82.4
Other/Multiracial 5.9 6.1

Education
High school diploma or less 53.4 41.0
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Further educational attainment 46.6 59.0
Mean Age (SD) 37.3 (11.4) 44.6 (16.5)

ue largely to more African American participants and fewer white participants in
he  clinical sample. However, there were fewer Hispanic participants in the clinical
ample (p < .001), and there was  no difference in sex ratio.

.3. Measures

The substance use item pool used in field testing contained 119 items assessing
otivations for use (17 items), intended effects of use (30 items), drug-seeking

ehaviors (9 items), patterns of consumption (25 items), and negative consequences
f use (38 items). Participants also completed the Alcohol, Smoking and Substance
nvolvement Screening Test (ASSIST v3.0; WHO  ASSIST Working Group, 2002), a
ommonly used “legacy” instrument. In addition, they reported the ages at which
hey first used alcohol and drugs, and they provided a medical history that asked
bout lifetime diagnoses and functional impairment in nine areas (e.g., cardiovas-
ular problems, cancer, mental health).

.4. Data analysis

.4.1. General strategy. Our major goal was to identify the most robust latent con-
tructs within the item pool and to document sufficient unidimensionality for each
f them to proceed with IRT analyses. First, we inspected frequency distributions
f  individual items for sparse cells. We  then investigated dimensionality by divid-
ng the samples randomly into two subsamples, one for exploratory factor analysis
unweighted least squares EFA, n = 276 for the 3-month time frame and n = 413 for
he  30-day time frame) and the second for confirmatory factor analysis (CFA, n = 295
or the 3-month time frame and n = 352 for the 30-day time frame). The EFAs and
FAs were conducted using Mplus 6.1 with promax rotation (Muthén and Muthén,
010). In the CFAs, the items were treated as categorical variables, and the robust
eighted least squares estimator was used.

.4.2. Item response theory analysis. The 2-parameter graded response model (GRM;
amejima, 1969) is the most commonly used IRT model for polytomous items. The
RM  has a slope parameter and n − 1 threshold parameters for each item, where n is

he number of response categories (5 in the present analyses). The slope parameter
easures item discrimination, i.e., how well the item differentiates between higher
ersus lower levels of severity of substance use. Informative items have large slope
arameters. Threshold parameters measure item difficulty, i.e., the ease versus dif-
culty of endorsing different response options for an item. Items were calibrated
sing IRTPRO v2.1 (Cai et al., 2011).

able 2
ubstance use reported on the ASSIST.

Ever used 

Clinical sample (n = 461) Community sample (n = 

Substance % % 

Cannabis 93.5 76.5 

Cocaine 83.1 38.1 

Opioids 75.2 23.7 

Amphetamines 58.8 36.2 

Hallucinogens 50.7 38.1 

Sedatives 50.1 35.0 

Inhalants 14.6 11.0 

Tobacco 92.0 75.1 

Alcohol 94.1 95.6 
ependence 156 (2015) 184–192

Differential item functioning (DIF) occurs when characteristics (e.g., age, gender,
or  ethnicity) which may  seem extraneous to the assessment of the constructs under
consideration affect measurement. An item is identified as functioning differentially
if  the item is more (or less) difficult to endorse or more (or less) discriminating in one
group (e.g., men) compared to a reference group (e.g., women) when the different
subgroups have been matched on the latent trait under investigation. With regard
to  demographic characteristics, we conducted DIF analyses (for both uniform and
non-uniform DIF) on the basis of age, gender, and education (high school education
or  less versus further educational attainment). We focused on these variables
because the relevant comparison groups were adequately represented. We also
used a median split on age (less than 43 versus 43 or older) to compare younger and
older respondents. Other potential comparison groups (e.g., white versus non-white
respondents, Hispanic versus non-Hispanic respondents) were less equally divided.
In  addition, we conducted DIF analyses on the basis of severity of overall substance
use (using a median split on the total substance involvement scores computed from
the  ASSIST). This analysis examined the performance of items based on differential
exposure to drugs and documented their consistency across the full spectrum of
substance use. Two  different DIF procedures were employed—the IRT likelihood
ratio method (Thissen et al., 1993) embedded in IRTPRO and an ordinal logistic
regression procedure (Zumbo, 1999). Items were considered for removal if they
showed significant DIF (p < .01) by both methods (Teresi et al., 2009).

3. Results

3.1. Drug, alcohol, and tobacco use in the two samples

Table 2 summarizes the lifetime use of substances reported on
the ASSIST. The most frequently used drugs in the clinical sample
were cannabis (94%), cocaine (83%), and opioids (75%), and in the
community sample, cannabis (77%), cocaine (38%), and hallucino-
gens (38%). For the past 3 months, the clinical sample reported using
opioids (66%), cannabis (64%), and cocaine (40%) most frequently; in
the community sample, the comparable percentages were cannabis
(58%), sedatives (19%), and opioids (10%). The samples also differed
in median age of first substance use (clinical sample = 14, commu-
nity sample = 17) and the percentage using prior to age 15 (clinical
sample = 50%, community sample = 26%), a commonly cited risk fac-
tor (Grant and Dawson, 1998; King and Chassin, 2007; Swendsen
et al., 2009). The lifetime prevalence of injecting any drug was
39% in the clinical sample and 11% in the community sample (see
Table 3).

Alcohol use in the past three months was common in both sam-
ples: 72% of the clinical sample and 85% of the community sample.
Finally, 86% of the clinical sample were current smokers versus 45%
for the community sample. High-risk behaviors and medical conse-
quences associated with such behaviors are summarized in Table 3.
In summary, the levels and patterns of substance use differed in the
two samples (as expected), enhancing the generalizability of the
item banks across clinical and community populations.

3.2. Frequency distributions
Within the initial pool of 119 items, there were no items with
response categories having less than 1% response. There were 7
items (6%) having at least one response category with between 1%

Used in past 3 months

875) Clinical sample (n = 461) Community sample (n = 875)
% %

64.2 57.9
39.8 7.1
65.7 10.0
30.6 8.3

4.6 4.5
31.7 19.0

1.5 2.6
86.3 45.4
72.2 85.4
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Table  3
High-risk behaviors and medical status.

Clinical sample
(n = 461)

Community
sample
(n = 875)

In  the past 3 months, while using drugs...a % %

Did risky things 62.0 7.6
Had  unprotected sex 28.4 6.0
Used sex to get drugs 21.5 4.4
Taken advantage of sexually 9.8 2.4

Lifetime
Injected a substance 39.0 10.6
Used someone else’s needle 15.0 5.6
HIV/AIDS 1.1 2.7
Sexually transmitted disease 25.8 15.2
Liver problems 23.4 7.1
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a The response options for these items were “never,” “rarely,” “sometimes,”
often,” or “almost always.” The percentages reflect endorsements at the level of
sometimes” or higher.

nd 3% response. However, the sparse cells for all 7 items had at
east 18 respondents, ranging from 18 to 39. Therefore, we retained
ll 5 response categories for all items for further analyses.

.3. Factor analyses

.3.1. Exploratory factor analyses. The initial EFA of the 119 items
ith a 3-month time frame (n = 276) yielded 10 factors with eigen-

alues greater than 1, and the initial EFA with a 30-day time frame
n = 413) yielded 11 factors with eigenvalues greater than 1. In both
nalyses, however, the first factor (with eigenvalues of 76.7 for 3-
onths and 78.0 for 30-days) dominated, with ratios of the first to

econd eigenvalue of 9.92 (3 months) and 13.1 (30 days). In all anal-
ses, this first factor included a large subset of items with high factor
oadings reflecting many aspects of substance use, and it appeared
o be a general indicator of the severity of use.

Inspection of 1- through 5-factor solutions for the 3-month data
upported a 2-factor solution as most interpretable, with items on
he second factor reflecting recreational use of drugs, pleasurable
spects of the experience, and perceived positive consequences of
rug use. Additional factors were less interpretable and appeared to
epresent “splinters” (i.e., small subsets of items with modest load-
ngs on a primary factor and often with cross-loadings on other
actors). Inspection of 1- through 5-factor solutions for the 30-day
ata supported a 3-factor solution as most interpretable, with the
econd and third factors including the items regarding positive
spects of drug use that loaded significantly on factor 2 with the
-month data. Taken together, the EFAs documented the impor-
ance of 2 subsets of items: 95 items best understood as measuring
he severity of substance use, and 22 items reflecting the positive
ppeal of substance use.

A second round of EFAs examined the two subsets of items sep-
rately in both the 3-month and 30-day data. Despite the large
umber of items in the severity subset, a 1-factor solution was  best
upported with both time frames. The eigenvalue for the first factor
as 68.5 in the 3-month data and 69.3 in the 30-day data, produc-

ng ratios of the first to second eigenvalue of 21.2 in the 3-month
ata and 26.7 in the 30-day data. We  retained the entire pool of
5 items for CFA and IRT calibration, all of which had factor load-

ngs greater than .60 in the repeat EFAs. The repeat EFAs with the
ubset of 22 items reflecting positive appeal of substance use also
upported a 1-factor solution. In this case, however, we  chose to
elete 2 items with smaller factor loadings (less than .50).
.3.2. Confirmatory factor analyses. We  performed single-factor
FAs on the reduced item pools, using the second half of the sam-
les (3-month time frame, n = 295; 30-day time frame, n = 352). For
ependence 156 (2015) 184–192 187

the pool of 95 general severity items, there was excellent evidence
of unidimensionality. For the 3-month data, all factor loadings were
greater than .62, and several fit indices were uniformly strong:
CFI = .982, TLI = .982, and RMSEA = .042. For the 30-day data, the
results were similar: all factor loadings greater than .55, CFI = .981,
TLI = .980, and RMSEA = .044. The smaller pool of 20 items reflect-
ing positive appeal of substance use was less homogeneous in CFA
terms (reflected primarily in a larger RMSEA), but the results were
adequate to document that responses to these items were largely
a function of a single underlying latent construct. For the 3-month
data, all factor loadings were greater than .47, and the fit indices
were CFI = .938, TLI = .928, and RMSEA = .146. For the 30-day data,
the results were again similar: all factor loadings greater than .50,
CFI = .939, TLI = .929, and RMSEA = .149.

3.4. IRT calibrations

The two  item pools—95 items for severity of substance use and
20 items for positive appeal of substance use—were calibrated
separately, and the calibrations were done twice, first with the
3-month data and then with the 30-day data, using the two-
parameter GRM. IRT modeling of the 95-item severity pool with
both time frames revealed many locally dependent item pairs,
suggesting considerable redundancy among the items. To man-
age this issue, we  identified 19 “core” items. These items were
selected using both clinical and patient perspectives. From a clini-
cal perspective, we  included items reflecting the diagnostic criteria
for substance use disorder (i.e., commonly accepted markers of
the presence and severity of substance use), and from the patient
perspective, we included items reflecting themes that were promi-
nent in our focus groups (e.g., consequences of substance use,
intended versus actual effects of use). After these core items were
selected, we added back 34 other items that were locally inde-
pendent from the 19 core items, resulting in a new set of 53
items. We  repeated the IRT calibrations with these items, again
using the 3-month and 30-day data separately. The item parame-
ter estimates, test information curves, and standard error estimates
were very similar for the two  time frames. We  computed intra-
class correlation coefficients (ICCs) between the time frames for
the discrimination parameters and the four location parameters.
These ICCs were large: 0.95 for the discrimination parameter,
and 0.98, 0.98, 0.97, and 0.97, respectively, for the four loca-
tion parameters. Given these results, we  combined the 3-month
and 30-day data to compute final, definitive IRT item parameters.
For the combined sample, the n was 1336. From the pool of 53
severity items, we  identified 16 items that were locally depen-
dent following this final calibration, leaving an item bank of 37
items.

The IRT results with the pool of 20 items reflecting the posi-
tive appeal of substance use also showed that separate calibrations
with the 3-month and 30-day data were similar. The ICCs for
the item parameters between the two time frames were 0.96
for the discrimination parameter and 0.99 for all four location
parameters. Therefore, we  again used the combined data to com-
pute final IRT item parameters. Calibration with the combined
data revealed 2 items that were locally dependent, and they
were removed from the bank, leaving 18 items for the final ver-
sion.

DIF analyses for both item banks showed that the IRTPRO and
logistic regression methods did not jointly identify any items dis-
playing DIF on the basis of age, gender, education, or more versus
less severe substance use; thus, no items were eliminated for this

reason. The Flesch–Kincaid readability test was performed on the
55 items in the two banks. The grade level for the 37 severity
items in the aggregate was grade 2.5; for the 18 positive appeal
items, it was  grade 2.3. Tables 4 and 5 summarize the item banks,
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Table 4
Calibrated items: severity of substance use.

Item Stem Slope (Discrimination) Location Thresholds

Level 1 Level 2 Level 3 Level 4

I felt that my drug use was  out of control* 6.56 0.47 0.71 0.93 1.11
My  desire to use drugs seemed overpowering* 6.19 0.35 0.57 0.94 1.24
Drugs  were the only thing I could think about* 5.83 0.45 0.74 1.08 1.39
I  felt I needed help for my drug problem 5.65 0.42 0.61 0.77 0.97
My  drug use caused problems with people close to me*  5.28 0.39 0.60 0.90 1.21
I  spent more time using drugs than I intended 4.97 0.37 0.64 0.91 1.21
I  have a drug problem* 4.97 0.19 0.46 0.68 0.90
I  did whatever I had to do to use drugs 4.68 0.57 0.87 1.17 1.43
Using drugs caused problems for me  4.65 0.36 0.61 0.91 1.21
I  am addicted to drugs 4.65 0.18 0.47 0.66 0.93
I  sold my belongings to buy drugs 4.58 0.80 0.99 1.28 1.56
I  craved drugs* 4.52 0.11 0.40 0.77 1.18
Someone told me  that I should cut down on my drug use 4.49 0.40 0.67 1.00 1.33
My  drug use kept me  from getting things done that I needed to do 4.35 0.24 0.54 0.95 1.29
I  used drugs when I felt guilty 4.19 0.51 0.74 1.16 1.45
I  needed to use more drugs to get the same effect I used to get 4.18 0.30 0.55 0.89 1.23
I  spent a lot of time using drugs* 4.05 0.11 0.49 0.89 1.20
When  I used drugs, I failed to take care of myself 3.88 0.52 0.82 1.21 1.56
When  I used drugs, I experienced emotional problems 3.79 0.36 0.66 1.08 1.51
I  planned my activities around using drugs 3.64 0.31 0.59 1.05 1.41
I  used drugs to avoid my responsibilities 3.53 0.65 0.90 1.33 1.65
I  did risky things while using drugs 3.49 0.45 0.78 1.28 1.67
I  did things that could have gotten me  into trouble while using drugs 3.37 0.40 0.68 1.18 1.60
When  I used drugs, I felt alone 3.17 0.44 0.76 1.23 1.64
I  used drugs to feel “normal” 2.98 0.25 0.46 0.90 1.24
I  bought drugs for other people, but kept them for my  own  use 2.98 0.97 1.23 1.58 1.94
When  I stopped using drugs, I got headaches 2.95 0.54 0.84 1.35 1.75
I  almost died because of my drug use 2.91 1.26 1.55 1.89 2.34
I  saved my  money to buy drugs 2.83 0.35 0.60 1.11 1.54
When  I used drugs, I got into fights 2.78 0.88 1.27 1.73 2.07
When  I used drugs, I hid my drug use from others 2.77 0.13 0.41 0.82 1.16
When  I used drugs, I felt anxious 2.66 0.29 0.74 1.29 1.72
I  used drugs to reward myself 2.64 0.18 0.51 1.08 1.54
I  used drugs because nearly all the people I know use drugs 2.35 0.40 0.80 1.28 1.76
I  used drugs to feel more alert 2.29 0.46 0.77 1.37 1.85
I  used drugs because people pressured me to use 2.08 1.14 1.69 2.34 2.80
I  drove a car while under the influence of drugs 1.80 0.53 0.93 1.45 2.14

Note. Items are rank-ordered on the basis of their slope (discrimination) parameters. Items included in the short form are marked with an asterisk.

Table  5
Calibrated items: positive appeal of drug use.

Item stem Slope (discrimination) Location thresholds

Level 1 Level 2 Level 3 Level 4

I used drugs to feel more confident* 6.30 0.45 0.65 0.96 1.24
I  used drugs to feel good about myself* 5.58 0.43 0.63 0.95 1.23
I  used drugs to make it easier to talk to people* 5.12 0.45 0.63 1.02 1.35
Drugs  made me feel like I could do anything* 4.94 0.50 0.71 1.02 1.27
I  used drugs to feel close to someone 4.01 0.63 0.85 1.26 1.61
I  used drugs to change my mood* 3.81 −0.05 0.16 0.69 1.08
While  using drugs, I liked myself better 3.66 0.46 0.74 1.11 1.42
I  used drugs to have a good time* 3.47 −0.18 0.10 0.61 1.04
I  used drugs to be a part of something 3.41 0.67 0.96 1.40 1.72
I  used drugs to be open to new experiences 3.38 0.45 0.77 1.25 1.58
I  used drugs to be more creative 3.32 0.40 0.66 1.19 1.61
People  seemed to like me better when I used drugs 3.21 0.57 0.90 1.33 1.74
I  used drugs because I liked the feeling* 2.92 −0.49 −0.16 0.23 0.64
I  used drugs to relax 2.87 −0.37 −0.11 0.46 1.01
I  used drugs while enjoying TV, music, or video games 2.71 −0.14 0.11 0.62 1.07
I  enjoyed using drugs 2.51 −0.54 −0.13 0.35 0.83

N s. Item

t
i
S
t
m
+
a

forms may  be a useful alternative. To develop short forms, we rank
ordered all severity of use and positive appeal of use items on
I  used drugs recreationally 2.22 

I  used drugs when I was with other people 2.17 

ote. Items are rank-ordered on the basis of their slope (discrimination) parameter

ogether with their IRT parameters. Figs. 1 and 2 display the test
nformation curves (and plots of corresponding standard errors).
tandard errors of .30 correspond approximately to classical test
heory reliabilities of .90. At this threshold, the effective range of

easurement for the severity of use item bank was about −.6 to

2.7 SDs and for the positive appeal of substance use item bank,
bout −.8 to +2.2 SDs.
−0.38 −0.01 0.59 1.04
−0.36 0.06 0.72 1.24

s included in the short form are marked with an asterisk.

3.5. Selection of items for short forms

For some applications where CAT is not feasible, static short
four criteria: discrimination parameters, the percentage of times
the item would have been selected in a simulated CAT for each
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tem bank based on the observed data from our calibration sam-
le, expected information under the standard normal distribution
ith a mean of 0 and SD of 1, and expected information under a
ormal distribution with a larger SD, i.e., a mean of 0 and SD of 1.5
Choi et al., 2010). The CAT simulations were performed using the

irestar program (Choi, 2009). For the CAT simulations, we  set the
inimum number of items to be administered to 8 and the maxi-
um  number of items to be administered to be the full bank. We
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selected 7 items for each short form based on the convergence of
the four psychometric criteria, the content of candidate items, and
location parameters (i.e., we  tried to include some items with lower
thresholds to increase the precision of the short forms closer to the
floor). In Tables 4 and 5, asterisks identify the items selected for the

short forms.

The internal consistency of the short forms was  excellent. Alpha
coefficients were .94 for the severity of use short form and .92
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Table 6
DSM-5 criteria and corresponding severity of substance use items.

DSM-5 Criterion
Severity of substance use item

A1. Uses more than intended, or for longer than intended
I  spent more time using drugs than I intended

A2. Efforts to control or cut back on use have been unsuccessful
I  felt that my  drug use was out of control*

A3. Large amounts of time are spent obtaining, using, or recovering from
use
I  spent a lot of time using drugs*

A4. Cravings (the presence of a strong desire to use)
My desire to use drugs seemed overpowering*
Drugs were the only thing I could think about*
I  craved drugs*

A5. Recurrent use resulting in problems at work, home, or school
Using drugs caused problems for me
My drug use kept me from getting things done that I needed to do

A6.  Continued use despite recurrent social or interpersonal problems
resulting from use
My drug use caused problems with people close to me*
When I used drugs, I got into fights
When I used drugs, I hid my drug use from others

A7. Curtailing important activities in favor of use
I  planned my activities around using drugs
I used drugs to avoid my responsibilities

A8. Use despite potentially hazardous outcomes
I did risky things while using drugs
I did things that could have gotten me into trouble while using drugs
I  almost died because of my drug use
I  drove a car while under the influence of drugs

A9. Continued use despite its causing or exacerbating a persistent physical
or  psychological problem
When I used drugs, I failed to take care of myself
When I used drugs, I experienced emotional problems
When I used drugs, I felt alone
When I used drugs, I felt anxious

A10. Tolerance or a need for increased amounts of substance
I  needed to use more drugs to get the same effect I used to get

A11. Withdrawal symptoms

N
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of a separate report.
In summary, the development of two  new item banks for

substance use—severity of use and positive appeal of use—adds to
When I stopped using drugs, I got headaches

ote. Items included in the short form are marked with an asterisk.

or the positive appeal of substance use short form. Correlations
etween the theta scores derived from the short forms and the cor-
esponding full item banks were large: .94 for severity of use and
96 for positive appeal of use.

.6. Convergence with DSM-5 diagnostic criteria

Inspection of the 37 items in the severity item bank revealed that
3 of them could be mapped onto the 11 diagnostic criteria for sub-
tance use disorder now included in the DSM-5 (see Table 6). Each
riterion was represented by at least one item (up to a maximum
f four). The 14 items distinct from the diagnostic criteria reflected

 variety of other themes: acknowledgment of having a drug prob-
em, ways of procuring drugs, emotional triggers and consequences
f substance use, and social motives and pressures to use drugs.

. Discussion

The mixed (qualitative and quantitative) PROMIS methodology
as used to create two item banks relevant to substance use: a

7-item bank measuring severity of substance use and an 18-item
ank measuring positive appeal of substance use. As expected, we
ound an overall severity factor (and item bank). However, the item
ank for positive appeal of use is more novel. This second item
ank for positive appeal may  be especially relevant for commu-

ity samples, and it is timely because legalization of marijuana (for
oth medical and recreational purposes) is increasingly common.
n the calibration data from the community sample, cannabis was
he most commonly used substance (current and lifetime), and it
ependence 156 (2015) 184–192

generated the largest ASSIST SI correlation with the theta score for
positive appeal of use, r = .61 (as well as the severity theta score,
r = .56). In general, there were stronger relationships in the com-
munity sample between SI scores for all substances and positive
appeal of use.

Given its content, the item bank for severity of use could be used
for the development of a short form that captures the DSM-5 diag-
nostic criteria for substance use disorder (see Table 6). The PROMIS
mandate is to create measures of severity (not diagnosis) that can
be used as common metrics across all health states and diseases.
However, it is typical for investigators and clinicians to ask about
the relevance of PROMIS measures for screening and diagnostic
purposes and about thresholds on the severity metric that should
motivate clinical concern or intervention. A short form focused on
diagnostic criteria might be useful clinically. At the same time, it
must be emphasized that the mapping of the PROMIS items to the
DSM-5 criteria is preliminary and that the validity of the items in
relation to both the individual DSM-5 criteria and the presence
of a diagnosis requires further investigation. Five of the criteria
are linked to only one PROMIS item, and “physical problems” in
criterion A9 are not well represented.

In general, there is a need for further studies of the validity of the
new item banks. Data from the calibration sample provided only
preliminary evidence of validity, e.g., correlations with ASSIST SI
scores (see supplement available online3). Validity studies can take
many forms, but consistent with past PROMIS precedents (Pilkonis
et al., 2014) they should include (a) psychometric studies compar-
ing the operating characteristics of the PROMIS item banks and
short forms with other commonly used legacy measures and (b)
longitudinal studies of responsiveness to change in circumstances
where one would (or would not) expect variability over time.

In this context, it is important to note that analysis of longi-
tudinal data regarding substance use presents special challenges.
Before asking about severity of substance use, the item banks
require a screening question to document the presence of some
use: “In the past 30 days, have you used drugs (other than alcohol
or your prescribed medications)?” Thus, the item banks provide
information about two related but different phenomena: exposure
to drugs and severity of use when exposed. Analyzing such data
requires novel models, and an approach we  have found useful is the
two-part semi-continuous model (Olsen and Schafer, 2001). The
model allows simultaneous analysis of binary (yes/no) and contin-
uous (severity) data, yielding parameter estimates (intercepts and
slopes) for functions that model both exposure and severity. Other
discussions of analyzing data in which information about severity is
contingent on the presence of some behavior or event are also avail-
able (e.g., Liu and Verkuilen, 2013; Reardon and Raudenbush, 2006).
It is important to acknowledge that there is only a single screening
question for the new item banks and that the use of a single question
may  limit reliability and validity. At the same time, there are many
legacy instruments for assessing exposure to drugs, including items
regarding the types of drugs used and the frequency and quantity
of use. We  used the ASSIST for just this purpose, and other investi-
gators may  also wish to include companion measures that provide
more detailed information regarding exposure to drugs. It should
also be noted that abuse of prescription pain medication (obtained
either medically or illicitly) is an increasing public health problem.
A separate PROMIS item bank has been created for this purpose, and
a description of its development and calibration will be the subject
3 Supplementary material can be found by accessing the online version of this
paper.
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he existing body of PROMIS measures. The initial psychometric
haracteristics of the item banks support their use as CATs or short
orms, with either version providing brief, precise, and efficient

easures relevant to both clinical and community samples. Fur-
her studies of the validity of the item banks are now appropriate
o support their adoption.
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