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A B S T R A C T

Background: The Screener and Opioid Assessment for Patients with Pain-Revised (SOAPP-R) is a 24-item as-
sessment designed to assist in the prediction of aberrant drug-related behavior (ADB) among patients with
chronic pain. Recent work has created shorter versions of the SOAPP-R, including a static 12-item short form and
two computer-based methods (curtailment and stochastic curtailment) that monitor assessments in progress. The
purpose of this study was to cross-validate these shorter versions in two new populations.
Methods: This retrospective study used data from patients recruited from a hospital-based pain center (n= 84)
and pain patients followed and treated at primary care centers (n= 110). Subjects had been administered the
SOAPP-R and assessed for ADB. In real-data simulation, the sensitivity, specificity, and area under the curve
(AUC) of each form were calculated, as was the mean test length using curtailment and stochastic curtailment.
Results: Curtailment reduced the number of items administered by 30% to 34% while maintaining sensitivity
and specificity identical to those of the full-length SOAPP-R. Stochastic curtailment reduced the number of items
administered by 45% to 63% while maintaining sensitivity and specificity within 0.03 of those of the full-length
SOAPP-R. The AUC of the 12-item form was equal to that of the 24-item form in both populations.
Conclusions: Curtailment, stochastic curtailment, and the 12-item short form have potential to enhance the ef-
ficiency of the SOAPP-R.

1. Introduction

Prescription opioid analgesics are used frequently for patients with
pain, and their use has risen at a rapid rate over the past decade, with
prescribing levels beginning to stabilize and decrease only recently
(Aitken et al., 2016; Kertesz, 2017; Kuehn, 2007). Unfortunately, in-
creased opioid prescribing has also been paralleled by increases in
opioid misuse and diversion (Okie, 2010). Recent data show that the
rate of opioid abuse has increased, and deaths from opioid overdose
have been labeled a national epidemic (Centers for Disease Control
Prevention, 2012; Rudd et al., 2016).

To assist providers in determining the risk of aberrant drug-related

behavior (ADB) among chronic pain patients, screening questionnaires
have been developed. One commonly used questionnaire is the
Screener and Opioid Assessment for Patients with Pain—Revised
(SOAPP-R), a self-report instrument that classifies respondents as high
or low risk for ADB based on a prescribed cutoff (Butler et al., 2008,
2009). The SOAPP-R is a modified version of the original Screener and
Opioid Assessment for Patients with Pain (SOAPP) (Butler et al., 2004);
the SOAPP-R was empirically derived (as opposed to the SOAPP, which
was conceptually derived) and designed to contain more items that are
less transparent in their scoring (Butler et al., 2008). The SOAPP-R
exhibited sound psychometric characteristics in its validation and cross-
validation studies (Butler et al., 2008, 2009).
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At 24 items, the SOAPP-R’s length is manageable for many patients;
nevertheless, the introduction of shorter versions may save time and
improve utilization rates (Finkelman et al., 2015; Finkelman et al.,
2017b). Indeed, the importance of test length is highlighted by the
Scientific Advisory Committee of the Medical Outcomes Trust’s cate-
gorization of respondent and administrative burden as a key attribute of
a health questionnaire (Aaronson et al., 2002). While an abbreviated
form of the original SOAPP has been developed (Koyyalagunta et al.,
2013), shorter versions of the empirically derived SOAPP-R were de-
sired, leading to two recent studies that suggested different approaches
to reducing the length of the latter screener. The simpler of the two
approaches is to use a static short form containing a subset of the
SOAPP-R items; a retrospective study found that such a static short form
consisting of 12 items exhibited sensitivity and specificity comparable
to those of the full-length SOAPP-R (Finkelman et al., 2017b. The more
complex approach is to administer the SOAPP-R via computer, track an
individual’s responses as he/she proceeds through the test, and stop the
assessment if a computer algorithm determines that further items are
unnecessary. For instance, if a respondent’s item scores are high enough
that he/she reaches the cutoff during testing—or low enough that it has
become impossible for him/her to reach the cutoff—the test can be
terminated and the appropriate classification can be made. This type of
stopping rule, which has been well-studied in the psychometric litera-
ture, is referred to as curtailment or the countdown method (Ben-Porath
et al., 1989; Butcher et al., 1985; Finkelman et al., 2015; Forbey et al.,
2012). A variation on the above approach is to terminate testing if the
SOAPP-R’s classification (“high risk” or “low risk”) has been de-
termined with certainty from a respondent’s previous answers, or if the
classification has been determined up to a specified level of probability.
This variation is referred to as stochastic curtailment (Finkelman et al.,
2015). A retrospective study found that curtailment and stochastic
curtailment produce considerable reductions in average test length
while maintaining sensitivity and specificity similar to those of the full-
length SOAPP-R (Finkelman et al., 2015).

While previous studies suggested the potential for shorter versions
of the SOAPP-R (Finkelman et al., 2015; Finkelman et al., 2017b), their
conclusions are limited by the fact that the results of each were based
on a single dataset (which was common to both studies). Moreover, the
research on the 12-item static short form indicated unstable results with
respect to specific cutoffs, and recommended that the preliminary
cutoff for this short form (≥10 points) be validated in further study
(Finkelman et al., 2017b). Both of the previous studies on short versions
of the SOAPP-R emphasized that cross-validation should be conducted
in other populations (Finkelman et al., 2015; Finkelman et al., 2017b).
The objective of this study was to compare the static short form, cur-
tailment, stochastic curtailment, and the full-length SOAPP-R in two
different populations.

2. Material and methods

This retrospective study examined the performance of the full-
length SOAPP-R and its short versions using two separate datasets. The
Tufts Health Sciences Institutional Review Board granted exempt status
or non-human subjects research status for the analysis of each dataset.

2.1. Versions of the SOAPP-R

2.1.1. Full-length form
The 24 items comprising this form are listed in Table 1. Each item

can be answered “Never,” “Seldom,” “Sometimes,” “Often,” or “Very
Often;” the scores for these answer choices are 0, 1, 2, 3, and 4, re-
spectively. The total score on the SOAPP-R is the sum of the item scores;
a higher total score indicates greater risk of ADB. The validation and
cross-validation studies of the screener recommended a cutoff of ≥18
(Butler et al., 2008, 2009).

2.1.2. Curtailment
A curtailment rule is conducted on a fixed order of items. It stops

testing once the screener’s result (“high risk” or “low risk”) has become
determined from the respondent’s previous answers. Applying this rule
to the SOAPP-R with a ≥18 cutoff, a computerized version of the
questionnaire would stop presenting items (in favor of a “high risk”
result) if the respondent’s cumulative score reached or exceeded 18. It
would also stop presenting items (in favor of a “low risk” result) if the
respondent’s total score could not reach 18 even if the respondent an-
swered “Very Often” to all remaining items.

Curtailment is a variable-length testing method: it produces different
test lengths for different respondents. The number of items that a given
respondent receives is dependent on his/her answers. In particular, a
respondent whose screening result is determined quickly will receive a
shorter test length than a respondent whose screening result is not
determined until a large number of items have been presented. The
maximum number of items that curtailment can administer is equal to
the number of items on the full-length screener (24 items for the
SOAPP-R). The minimum number of items that curtailment can ad-
minister depends on the cutoff; Section 3.3 will present the minimum
possible number of items for the particular cutoff used in this study.

2.1.3. Stochastic curtailment
Like curtailment, stochastic curtailment is conducted on a fixed

order of items. In stochastic curtailment of the SOAPP-R, early stopping
occurs not only if the screener’s result has become determined from
previous answers, but also if the probability of obtaining one of the
results (“high risk” or “low risk”) has become adequately high. For the
SOAPP-R, previous research (Finkelman et al., 2015) recommended
setting the stopping threshold at 99% or 95% (i.e., terminating the
screener if the probability of one of the results becomes at least 99%, or
if it becomes at least 95%). The use of stochastic curtailment with the
former threshold will be referred to as SC-99; its use with the latter
threshold will be referred to as SC-95. At each stage of testing, the
probability of a “high risk” result, based on the respondent’s previous
answers, is estimated based on a logistic regression model; see
Finkelman et al. (2012) for details. As will be explained in Section 3.3,
the set of scores that result in early stopping via stochastic curtailment,
at each stage of testing, can be written as a simple look-up table.
Finkelman et al. (2015) presented such look-up tables for curtailment,
SC-99, and SC-95, but their tables are only applicable when a ≥19
cutoff is used. Therefore, in the current study, the data from Finkelman
et al. (2015) were re-analyzed to produce look-up tables using the
standard ≥18 SOAPP-R cutoff.

In sum, stochastic curtailment is a variable-length testing method
that is less conservative than curtailment. As in curtailment, the number
of items presented to a respondent by stochastic curtailment is based on
the respondent’s pattern of answers. The maximum number of items
that stochastic curtailment can administer, when used in conjunction
with the SOAPP-R, is 24; the minimum number of items is dependent on
the cutoff. See Section 3.3 for the minimum possible number of items
that SC-99 and SC-95 can administer when applied to the SOAPP-R with
the cutoff used in this study.

2.1.4. Static short form
The development of the static short form of the SOAPP-R (i.e., the

selection of items for this form) was based on both (i) statistical criteria
and (ii) a scrutiny of content by an external set of pain practitioners
(Finkelman et al., 2017b). The statistical component utilized data from
428 individuals who had taken the full-length SOAPP-R, and had also
been classified as “negative” or “positive” for ADB by the Aberrant Drug
Behavior Index (ADBI), as part of the screener’s original validation
study or cross-validation study (Butler et al., 2008, 2009). Using these
data, candidate short forms of different lengths were developed and
evaluated. In particular, for every test length of fewer than 24 items
(i.e., for each test length between one item and 23 items), a candidate
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short form was created to best predict the ADBI. The specific statistical
methodology utilized to produce these short forms of different lengths
was least absolute shrinkage and selection operator (LASSO) logistic re-
gression. For each given test length, the LASSO logistic regression
procedure selected the specified number of items that, when used in
combination with one another, were most predictive of the ADBI. The
forms of different lengths were then compared to each other in terms of
statistical characteristics such as their sensitivities, specificities, and
area under the curve (AUC) values. The use of these statistics is con-
sistent with previous studies that focused on the predictive validity of
the SOAPP-R (Butler et al., 2004, 2008, 2009). Based on the statistical
results, five candidate short forms (consisting of seven items, nine
items, 10 items, 11 items, and 12 items) were chosen for additional
evaluation. No form with more than 12 items was chosen because the
inclusion of more than 12 items did not result in greater predictive
value; in fact, for the dataset of n = 428 individuals, the 12-item form
had a higher AUC than every candidate form with more than 12 items.
In the second component of evaluation, the five aforementioned can-
didate short forms, as well as the full-length SOAPP-R, were scrutinized
in terms of their content by 12 pain practitioners at a pain care center.
The pain practitioners were asked to provide feedback on the content of
the different forms, and each practitioner stated which of the six forms
he/she would be most likely to use with his/her own patients. The
majority of practitioners (nine out of 12) indicated that they would be
most likely to use the 12-item form. Participants selecting this form
alluded to test length, respondent burden, and/or content coverage
when explaining the rationale for their decision. In sum, on the basis of
both the statistical results and the evaluation by pain practitioners, the
12-item short form was recommended for further research in different
populations, leading to the cross-validation of this form (and compar-
ison with other forms) in the current study. The reader is referred to
Finkelman et al. (2017b) for further details on the development of the
static short form.

Table 1 indicates the 12 items comprising the static short form of

the SOAPP-R. A respondent’s total score on the short form is obtained
by summing his/her scores on the items. A 50% decrease in the number
of items administered, as provided by the SOAPP-R short form in
comparison with the full-length form, had been characterized by work
in other fields as a substantial reduction in test length (Leidy and
Knebel, 2010; Marsh et al., 2005).

2.2. Sources of data

2.2.1. Study 1
Patients who were diagnosed with chronic noncancer neck or back

pain with or without radicular pain were recruited for this 6-month
study. This was a prospective, randomized, controlled trial designed to
test an intervention to improve compliance in chronic pain patients
who were misusing their medication (Jamison et al., 2014). All patients
were recruited from an urban tertiary university hospital pain center.
Enrollment occurred between November 2007 and July 2011. Partici-
pants completed multiple questionnaires including the paper-and-
pencil version of the full-length SOAPP-R. Similar to the original
SOAPP-R studies (Butler et al., 2008, 2009), the patients completed the
Prescription Drug Use Questionnaire (PDUQ) to determine self-reported
misuse. Urine toxicology screening results were also assessed, and
physician-reported aberrant behavior was determined using the Ad-
diction Behavior Checklist (ABC)(Wu et al., 2006). Positive results on
any of these tests indicated ADB. See Jamison et al. (2014) for further
details.

2.2.2. Study 2
Patients with a diagnosis of chronic nonmalignant pain and treated

in one of eight primary care centers were recruited for this 6-month
trial (Jamison et al., 2016). Enrollment occurred between September
2012 and September 2014. All subjects completed multiple ques-
tionnaires including the paper-and-pencil version of the full-length
SOAPP-R. Patient self-reported misuse was assessed using the Current

Table 1
Statistics about each SOAPP-R item, the 12-item short form, and the full-length SOAPP-R, by study (n = 84 for Study 1, n= 110 for Study 2).

Item 12-Item Short Forma Study 1 Study 2

Mean (SD) Mean (SD)

1. How often do you have mood swings? 1.7 (1.0) 2.0 (1.1)
2. How often have you felt a need for higher doses of medication to treat your pain? YES 1.8 (1.0) 2.1 (1.2)
3. How often have you felt impatient with your doctors? YES 1.2 (1.1) 1.1 (1.2)
4. How often have you felt that things are just too overwhelming that you can't handle them? YES 1.4 (1.2) 1.9 (1.3)
5. How often is there tension in the home? YES 1.4 (1.0) 1.4 (1.2)
6. How often have you counted pain pills to see how many are remaining? 1.1 (1.1) 1.0 (1.2)
7. How often have you been concerned that people will judge you for taking pain medication? 1.5 (1.4) 1.3 (1.4)
8. How often do you feel bored? 1.6 (1.3) 1.9 (1.3)
9. How often have you taken more pain medication than you were supposed to? YES 1.0 (0.9) 0.7 (0.9)
10. How often have you worried about being left alone? 0.7 (1.1) 1.0 (1.3)
11. How often have you felt a craving for medication? 0.6 (0.8) 0.4 (0.7)
12. How often have others expressed concern over your use of medication? YES 0.8 (1.0) 0.6 (0.9)
13. How often have any of your close friends had a problem with alcohol or drugs? 1.0 (0.9) 0.9 (1.1)
14. How often have others told you that you had a bad temper? 0.5 (0.8) 0.8 (1.1)
15. How often have you felt consumed by the need to get pain medication? 0.6 (0.9) 0.8 (1.1)
16. How often have you run out of pain medication early? YES 0.8 (1.0) 0.6 (0.9)
17. How often have others kept you from getting what you deserve? 0.5 (0.7) 0.7 (1.1)
18. How often, in your lifetime, have you had legal problems or been arrested? YES 0.4 (0.6) 0.6 (0.8)
19. How often have you attended an AA or NA meeting? YES 0.6 (1.0) 0.5 (0.9)
20. How often have you been in an argument that was so out of control that someone got hurt? 0.2 (0.6) 0.2 (0.5)
21. How often have you been sexually abused? YES 0.3 (0.8) 0.4 (0.8)
22. How often have others suggested that you have a drug or alcohol problem? YES 0.4 (0.7) 0.3 (0.7)
23. How often have you had to borrow pain medications from your family or friends? 0.2 (0.6) 0.1 (0.3)
24. How often have you been treated for an alcohol or drug problem? YES 0.3 (0.7) 0.3 (0.7)
Total Score (12-Item Short Form) 10.3 (6.0) 10.3 (5.6)
Total Score (Full-Length SOAPP-R) 20.4 (11.8) 21.3 (10.9)

SD = Standard deviation.
SOAPP-R = Screener and Opioid Assessment for Patients with Pain-Revised.

a Items labeled with a “YES” are included in the 12-item static short form.
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Opioid Misuse Measure (COMM)(Butler et al., 2010). Physician-re-
ported misuse was assessed using the ABC (Wu et al., 2006), and urine
toxicology results were assessed for abnormal findings. A positive ADB
classification was made if the urine toxicology results were positive
(evidence of tampering, evidence of an opioid that was not prescribed,
or an illicit substance such as cocaine), or if both the self-report and
physician-reported results were positive (a self-reported COMM of 9 or
higher and a physician-reported ABC of 2 or higher). See Jamison et al.
(2016) for further details.

2.3. Statistical analysis

A separate analysis was conducted for each of the two datasets,
since the datasets arose from different populations. In each analysis,
statistical characteristics of the full-length SOAPP-R (sensitivity and
specificity in detecting ADB, using the standard ≥18 cutoff) were cal-
culated. Additionally, a real-data simulation was conducted to assess the
performance of the short versions of the SOAPP-R in each of the two
studies. In the real-data simulation, an analysis was undertaken to de-
termine what the sensitivity and specificity would have been in each
study, if a given short version (curtailment, SC-99, SC-95, or the static
short form) had been used. The real-data simulation also determined
the mean and standard deviation of test length (i.e., number of items
administered) that would have been obtained, if curtailment, SC-99, or
SC-95 had been used. The look-up tables providing stopping rules for
SC-99 and SC-95 were based on re-analyzing data from Finkelman et al.
(2015) using a≥18 points cutoff, as described in Section 2.1.3. Because
previous research on the static short form (Finkelman et al., 2017b)
recommended further evaluation of its preliminarily suggested cutoff
(≥10 points), statistics for each possible cutoff within two of the pre-
liminary cutoff (i.e., from ≥8 to ≥12 points) were computed.

In addition to the above analysis, receiver operating characteristic
(ROC) curves were calculated, and the AUC statistic was computed, to
measure the overall ability of each form to predict ADB. Item statistics
were also obtained for each study. In particular, the mean score and SD
were calculated for each item (as well as for the full-length SOAPP-R
and static short form). A measure of effect size—specifically, Cohen’s d,
which had previously been used in the original validation study of the
SOAPP-R (Butler et al., 2008)—was calculated by item as well. A higher
Cohen’s d value indicates greater ability for an item to discriminate
between individuals with ADB—according to a given study’s criterion
for ADB—from individuals without ADB, according to the same cri-
terion.

To investigate whether the SOAPP-R items could be reordered to
produce greater efficiency in variable-length testing, further real-data
simulations were performed. First, 10,000 random orderings of the
SOAPP-R items were generated. Then, for each dataset (i.e., the dataset
of Study 1 and the dataset of Study 2), the mean test length produced by
coupling each random item ordering with the curtailment stopping rule
was found by real-data simulation. Curtailment was chosen as the
stopping rule, rather than stochastic curtailment, because in the former
(but not in the latter), the sensitivity and specificity are always the same
regardless of the item ordering. Therefore, with curtailment, the sen-
sitivity and specificity are standardized, so the different orderings can
be compared solely by their mean test lengths. The mean test lengths
produced by coupling the random item orderings with curtailment were
compared to the mean test length produced by using curtailment
alongside the standard (i.e., conventional booklet) item ordering of the
SOAPP-R. The standard ordering was also compared to other item or-
derings of interest. In particular, Finkelman et al. (2017a) recently
found that when a curtailment stopping rule is used for a given ques-
tionnaire, an item ordering that is optimally efficient, or is among the
most efficient orderings, can be produced via the following steps: (i)
using real-data simulation, determine the mean test length obtained by
ordering the items from highest mean score to lowest mean score; (ii)
using real-data simulation, determine the mean test length obtained by

ordering the items from lowest mean score to highest mean score; (iii)
of the two item orderings produced in (i) and (ii) above, select the one
that had the smaller mean test length in the real-data simulations.
Therefore, for each dataset, the SOAPP-R items were placed in order
from the item with the highest mean to the item with the lowest mean,
as well as from the item with the lowest mean to the item with the
highest mean, and the mean test length was computed for each of these
two orderings. Based on the results of Finkelman et al. (2017a)
Finkelman et al. (2017a), it was anticipated that one of these two or-
derings would be among the most efficient orderings examined, if not
the most efficient ordering. We note that the standard SOAPP-R item
ordering also places the items in approximate order from highest to
lowest mean score (Butler et al., 2008); therefore, it was anticipated
that the standard item ordering would be approximately as efficient as
the “highest mean score to lowest mean score” ordering. Finally, the
SOAPP-R items were ordered from highest Cohen’s d value to lowest
Cohen’s d value, and the mean test length for this ordering was calcu-
lated. The latter ordering was examined to investigate whether ordering
the items by ability to discriminate between respondents with and
without ADB would result in high efficiency. The mean test lengths of
all of the above item orderings were then compared. Results were si-
milar in both datasets. In each dataset, the “highest mean score to
lowest mean score” ordering was more efficient (had a lower mean test
length) than the “lowest mean score to highest mean score” ordering.
Consistent with the results of Finkelman et al., 2017aFinkelman et al.
(2017a) the better of these two orderings (i.e., “highest mean score to
lowest mean score”) was more efficient than all 10,000 random or-
derings, and was also more efficient than ordering the items by Cohen’s
d. As anticipated, the standard SOAPP-R item ordering performed si-
milarly to the “highest mean score to lowest mean score” ordering
(their mean test lengths were within 0.13 items of each other in both
datasets). The standard SOAPP-R ordering was also more efficient than
all 10,000 random orderings, and more efficient than the Cohen’s d
ordering, in both datasets. As the standard SOAPP-R ordering was thus
an efficient ordering, and is also the ordering that is typically used in
practical administrations of the screener, only the results of this or-
dering are presented in the sequel.

3. Results

3.1. Demographics and ADB results

3.1.1. Study 1
The mean (SD) age among the n = 84 subjects was 49.9 (8.8) years.

Forty-five subjects (53.6%) were male. Forty-three (51.2%) were posi-
tive for ADB.

3.1.2. Study 2
Of the n= 110 subjects, 109 had information on age; among these,

the mean (SD) age was 53.4 (9.5) years. Sixty-nine of the 110 subjects
(62.7%) were female. Forty of the 110 subjects (36.4%) were positive
for ADB.

3.2. Item and test statistics

Table 1 presents item statistics, as well as statistics for the static 12-
item short form and the full-length SOAPP-R, for both studies. The
mean score on the static short form was the same for Study 1 and Study
2. The mean score on the full-length SOAPP-R was slightly higher for
Study 2 than for Study 1.

For Study 1, the items with the highest Cohen’s d values were Item
16 (d = 0.790), Item 11 (d = 0.786), Item 9 (d = 0.714), and Item 19
(d = 0.591). For Study 2, the items with the highest values were Item
23 (d = 0.618), Item 9 (d = 0.589), Item 8 (d = 0.575), and Item 18
(d = 0.480)(data not shown).
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3.3. Look-up tables

Table 2 presents the stopping rules of curtailment, SC-99, and SC-
95, based on the re-analysis of previously examined SOAPP-R data
(Finkelman et al., 2015) using the traditional SOAPP-R cutoff of ≥18.
The table shows the set of cumulative scores that result in early stop-
ping at each stage of testing. For example, at the seventh stage of testing
(i.e., after the respondent has answered seven items), curtailment never
stops early for a “low risk” result (as indicated by an “NA” in the table).
However, this method stops early for a “high risk” result if the re-
spondent’s cumulative score after seven items (denoted “X” in the table)
is 18 or above.

As demonstrated in Table 2, the minimum number of items that
curtailment can administer (when applied to the SOAPP-R with a cutoff
of ≥18) is 5, and the maximum possible number of items administered
is 24. For SC-99, the set of possible test lengths ranges from 3 to 24; for
SC-95, it ranges from 2 to 24. The minimum possible test lengths stated
above are consistent with curtailment’s status as the most conservative
variable-length testing method, and SC-95′s status as the most liberal.

3.4. Comparison of SOAPP-R forms

3.4.1. Study 1
As shown in Table 3, the sensitivity and specificity of the full-length

SOAPP-R (using a ≥18 cutoff) were 0.67 and 0.59, respectively. Cur-
tailment and SC-99 exhibited the same sensitivity and specificity as the
full-length SOAPP-R; however, curtailment reduced the mean test
length to 16.8 items (SD = 6.3), while SC-99 reduced the mean test
length to 13.1 items (SD = 5.8). SC-95 had a sensitivity 0.02 lower than
that of the full-length SOAPP-R, and a specificity 0.03 lower; the mean
test length of SC-95 was 9.6 items (SD = 5.6). The static 12-item short

form exhibited a sensitivity equal to that of the full-length SOAPP-R,
and a specificity 0.03 lower, when a ≥9 cutoff was used. The pre-
viously suggested cutoff for the short form (≥ 10) resulted in a sensi-
tivity 0.07 lower than that of the full-length SOAPP-R, and a specificity
0.02 higher. The AUC of the full-length SOAPP-R, curtailment, SC-99,
and the static short form was 0.71; the AUC of SC-95 was 0.69.

3.4.2. Study 2
The sensitivity and specificity of the full-length SOAPP-R were 0.68

and 0.44, respectively (Table 3). As in Study 1, curtailment and SC-99
had sensitivity and specificity values identical to those of the full-length
SOAPP-R. SC-95 had the same sensitivity as the full-length SOAPP-R,
and a specificity 0.03 higher. Mean (SD) test lengths were 15.9 (6.6),
12.8 (6.2), and 8.8 (6.5) items for curtailment, SC-99, and SC-95, re-
spectively. Using a ≥9 cutoff, the static short form had a sensitivity
equal to that of the full-length SOAPP-R, and a specificity 0.02 higher.
Using a ≥10 cutoff, the short form’s sensitivity was 0.08 lower than
that of the full-length SOAPP-R, while its specificity was 0.07 higher.
The AUC of the full-length SOAPP-R, curtailment, and the static short
form was 0.62; the AUC of SC-99 was 0.61, and the AUC of SC-95 was
0.60.

4. Discussion

Previous research, based on the analysis of a single dataset, in-
dicated the potential of curtailment, stochastic curtailment, and the
static 12-item short form to enhance the efficiency of the SOAPP-R
(Finkelman et al., 2015; Finkelman et al., 2017b. However, prior to the
current study, there was no evidence to indicate whether such findings
would generalize to different populations. The mean item savings of
curtailment and stochastic curtailment observed herein, as well as the
methods’ ability to maintain sensitivity and specificity close or equal to
those of the SOAPP-R, were similar to previous study (Finkelman et al.,
2015). Moreover, the fact that stochastic curtailment’s stopping rules
could be derived from one dataset and applied to other populations,
without unduly compromising sensitivity and specificity, confirms the
method’s robustness as applied to the SOAPP-R. Turning to the static
short form, prior findings (Finkelman et al., 2017b that this form’s
overall discriminatory power, as measured by the AUC, is comparable
to that of the full-length SOAPP-R were also supported by the current
study; in fact, the AUC of the short form was equal to that of the full-
length SOAPP-R in both populations considered herein. In sum, the
results of this study suggest that the short versions exhibit screening
characteristics comparable to those of the full-length SOAPP-R in dif-
ferent settings, while providing considerably reduced test lengths.

The discriminatory power of the different SOAPP-R forms (including
the full-length form) was modest in the current study. In both of the
populations, the AUC value of the full-length SOAPP-R was lower than
the AUCs observed in the form’s validation and cross-validation studies
(Butler et al., 2008, 2009). Additionally, the AUC values of both the
full-length SOAPP-R and the static short form were lower than those
obtained in the study in which the static short form was developed
(Finkelman et al., 2017b, and the sensitivity and specificity of curtail-
ment and stochastic curtailment were generally lower than those found
in previous study (Finkelman et al., 2015). One possible reason for this
finding is that the definitions of ADB used in the current study differed
from those of prior research. As originally derived, the SOAPP-R was
designed to detect aberrant behavior as defined by the ADBI, which was
composed of triangulated data from patient self-reported misuse on the
PDUQ, physicians’ reporting of patient aberrant behavior on the Pre-
scription Opioid Therapy Questionnaire (POTQ), and urine toxicology
screening showing evidence of illicit substances. Our outcome measures
were different. Indeed, in our studies, similar constructs were assessed
to determine a positive or negative classification for ADB as were used
in the original validation studies (patient self-report, physician report,
and urine toxicology results), but the specific set of validated measures

Table 2
Stopping boundaries of curtailment, SC-99, and SC-95, using a cutoff of ≥18.

Curtailment SC-99 SC-95

Stage of
Testing

Stop for
“Low
Risk”
Result

Stop for
“High
Risk”
Result

Stop for
“Low
Risk”
Result

Stop for
“High
Risk”
Result

Stop for
“Low
Risk”
Result

Stop for
“High
Risk”
Result

1 NA NA NA NA NA NA
2 NA NA NA NA X = 0 X≥ 7
3 NA NA NA X ≥ 11 X ≤ 1 X≥ 9
4 NA NA NA X ≥ 13 X ≤ 2 X≥ 11
5 NA X ≥ 18 X ≤ 1 X ≥ 14 X ≤ 3 X≥ 12
6 NA X ≥ 18 X ≤ 2 X ≥ 15 X ≤ 4 X≥ 13
7 NA X ≥ 18 X ≤ 3 X ≥ 16 X ≤ 5 X≥ 14
8 NA X ≥ 18 X ≤ 4 X ≥ 18 X ≤ 6 X≥ 15
9 NA X ≥ 18 X ≤ 4 X ≥ 18 X ≤ 7 X≥ 16
10 NA X ≥ 18 X ≤ 5 X ≥ 18 X ≤ 7 X≥ 17
11 NA X ≥ 18 X ≤ 6 X ≥ 18 X ≤ 8 X≥ 18
12 NA X ≥ 18 X ≤ 6 X ≥ 18 X ≤ 8 X≥ 18
13 NA X ≥ 18 X ≤ 8 X ≥ 18 X ≤ 10 X≥ 18
14 NA X ≥ 18 X ≤ 9 X ≥ 18 X ≤ 11 X≥ 18
15 NA X ≥ 18 X ≤ 9 X ≥ 18 X ≤ 11 X≥ 18
16 NA X ≥ 18 X ≤ 9 X ≥ 18 X ≤ 11 X≥ 18
17 NA X ≥ 18 X ≤ 10 X ≥ 18 X ≤ 12 X≥ 18
18 NA X ≥ 18 X ≤ 10 X ≥ 18 X ≤ 12 X≥ 18
19 NA X ≥ 18 X ≤ 11 X ≥ 18 X ≤ 13 X≥ 18
20 X ≤ 1 X ≥ 18 X ≤ 12 X ≥ 18 X ≤ 14 X≥ 18
21 X ≤ 5 X ≥ 18 X ≤ 13 X ≥ 18 X ≤ 15 X≥ 18
22 X ≤ 9 X ≥ 18 X ≤ 14 X ≥ 18 X ≤ 15 X≥ 18
23 X ≤ 13 X ≥ 18 X ≤ 14 X ≥ 18 X ≤ 16 X≥ 18
24 X ≤ 17 X ≥ 18 X ≤ 17 X ≥ 18 X ≤ 17 X≥ 18

NA = Not Applicable. A cell marked “NA” indicates that there is no possibility of early
stopping associated with that cell.
SC–95 = Stochastic curtailment with a stopping threshold of 95%.
SC–99 = Stochastic curtailment with a stopping threshold of 99%.
X = Respondent’s cumulative score at a given stage of testing.
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and rules to determine this classification were not identical. Different
definitions of aberrant behaviors (i.e., “the target to be predicted”) can
have a significant impact on estimates of the predictive validity of the
SOAPP-R. The lack of a single “gold standard” measure of ADB is,
therefore, a limitation of the current study; however, the fact that the
short versions of the SOAPP-R consistently performed well in compar-
ison to the complete screener, even when different measures of ADB
were used, may provide evidence of these versions’ utility as brief al-
ternatives to the full-length SOAPP-R.

Which short version of the SOAPP-R to use in practice may depend
on the specific administration at hand. For instance, if computer-based
testing is not available at a given setting, then the static 12-item
screener (which can be administered via paper-and-pencil) is the only
feasible short form. On the other hand, if it is possible for the screener
to be given via computer and stopped sequentially according to the
rules of curtailment and stochastic curtailment, then these techniques
may provide greater concordance with the full-length SOAPP-R than
the static short form while still offering item savings. Indeed, curtail-
ment is guaranteed to provide the same result (“high risk” or “low risk”)
as the full-length SOAPP-R for every subject, and SC-99 had the same
sensitivity and specificity as the full-length SOAPP-R in each of the two
specific populations considered herein. SC-95, however, exhibited the
greatest average item savings, reducing the mean test length by 60% to
63% in the two studies (as compared with 30% to 34% for curtailment,
45% to 47% for SC-99, and a constant 50% for the static short form).
When deciding between short versions, practitioners should consider
the tradeoff between item savings and concordance with the full-length
SOAPP-R, with curtailment being the most conservative option and SC-
95 stopping most liberally. We note that when a ≥18 cutoff is used for
the full-length SOAPP-R, as was recommended in the screener’s vali-
dation and cross-validation studies (Butler et al., 2008, 2009) and was
done herein, curtailment has a greater maximum potential for item
savings among “high risk” respondents than among “low risk” re-
spondents. Indeed, as can be seen in Table 2, curtailment can stop after
as few as five items (i.e., the fifth stage of testing) for a “high risk” result
when a ≥18 cutoff is used; it cannot stop until at least the twentieth
stage of testing for a “low risk” result when this same cutoff is em-
ployed. Table 2 also shows that SC-99 can stop as early as the third
stage of testing for a “high risk” result, and the fifth stage for a “low
risk” result; SC-95 can stop as early as the second stage of testing for
both a “high risk” result and a “low risk” result. The mean test lengths
provided in Table 3 can be used to gauge the overall level of item
savings of each method when applied to both “high risk” and “low risk”
respondents in the two studies.

In settings where the static short form is used, the decision of which
cutoff to employ alongside that form is clearly consequential. Although

a ≥10 cutoff was preliminarily suggested in a previous study for the
static short form (Finkelman et al., 2017b, the results of the current
study suggest that using a ≥9 cutoff for this form may lead to sensi-
tivity and specificity more similar to those of the full-length SOAPP-R
(when the standard ≥18 cutoff is used for the latter). Employing a ≥9
cutoff rather than a≥10 cutoff could only improve the sensitivity of the
form; while this improvement would come at the expense of its speci-
ficity, previous research on the SOAPP-R has stressed the importance of
sensitivity relative to specificity (Butler et al., 2004, 2008, 2009).
Therefore, one inference from the current study’s results is that the
proposed cutoff of the static short form, which had been mentioned
specifically as needing further validation in previous research
(Finkelman et al., 2017b may need to be modified. Further comparison
of the ≥9 cutoff and the ≥10 cutoff may be valuable.

Aside from the lack of a gold standard measure of ADB, limitations
of the current study include its retrospective nature. Indeed, results
obtained via real-data simulation do not necessarily generalize to live
administrations of a given screener. The static short form, for instance,
was not administered prospectively to subjects as a contiguous block of
items; rather, this form was evaluated post-hoc, from the data of sub-
jects who had completed the full-length SOAPP-R, by identifying the
items comprising the short form and calculating their sensitivity and
specificity as if they had been presented as a unit. It is possible that due
to context effects, the screening characteristics of the short form would
be different when its items are presented as a contiguous block.
Additionally, results obtained when a screener is administered via
paper-and-pencil do not necessarily apply when the screener is given
via computer, and vice versa. Prospective studies should be conducted
to validate the results found in the real-data simulation. A further
limitation of the current study was the relatively small sample size in
each of the datasets employed. However, the use of two datasets from
different populations, each of which independently suggested the po-
tential of the short versions of the SOAPP-R, may mitigate this limita-
tion to some degree. Finally, an additional limitation is that data on the
length of time taken on each item and form were not recorded in either
study. Therefore, the average amount of time spent on the full-length
SOAPP-R could not be computed, nor could the amount of time that
would be saved by administering a shorter version. Reduction in test
length itself is a commonly used measure of the savings provided by
shortened instruments (e.g., Finkelman et al., 2015; Leidy and Knebel,
2010; Rudick et al., 2013; Smits et al., 2011; Thompson, 2007, 2011);
nevertheless, future studies should record participants’ response times
so that time savings can be calculated as well. Even a small time savings
for some individual patients would cumulatively reduce administrative
burden.

From a clinician’s perspective, any opportunity to shorten screening

Table 3
Sensitivities, specificities, areas under curve, and test length statistics, by study (n = 84 for Study 1, n = 110 for Study 2).

Study 1 Study 2

Sensitivity Specificity AUC Mean (SD) Test Length Sensitivity Specificity AUC Mean (SD) Test Length

Full-Length SOAPP-R (≥18 Cutoff) 0.67 0.59 0.71 24.0 (0.0) 0.68 0.44 0.62 24.0 (0.0)
Curtailment 0.67 0.59 0.71 16.8 (6.3) 0.68 0.44 0.62 15.9 (6.6)
SC-99 0.67 0.59 0.71 13.1 (5.8) 0.68 0.44 0.61 12.8 (6.2)
SC-95 0.65 0.56 0.69 9.6 (5.6) 0.68 0.47 0.60 8.8 (6.5)
12-Item SOAPP-R (≥8 Cutoff) 0.81 0.44 0.71 12.0 (0.0) 0.78 0.40 0.62 12.0 (0.0)
12-Item SOAPP-R (≥9 Cutoff) 0.67 0.56 0.71 12.0 (0.0) 0.68 0.46 0.62 12.0 (0.0)
12-Item SOAPP-R (≥10 Cutoff) 0.60 0.61 0.71 12.0 (0.0) 0.60 0.51 0.62 12.0 (0.0)
12-Item SOAPP-R (≥11 Cutoff) 0.60 0.66 0.71 12.0 (0.0) 0.55 0.56 0.62 12.0 (0.0)
12-Item SOAPP-R (≥12 Cutoff) 0.51 0.78 0.71 12.0 (0.0) 0.48 0.66 0.62 12.0 (0.0)

AUC = Area under the curve.
SC–95 = Stochastic curtailment with a stopping threshold of 95%.
SC–99 = Stochastic curtailment with a stopping threshold of 99%.
SD = Standard deviation.
SOAPP-R = Screener and Opioid Assessment for Patients with Pain-Revised.
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tools is likely to be welcome, given the increasing time constraints.
Computerized testing is likely to revolutionize screening procedures as
well. Further study will elucidate patient preference for shorter versus
longer forms, computer- or paper-based screeners, and the true impact
of curtailment, stochastic curtailment, and the static short form on the
ultimate goal: identification of high-risk patients that need further in-
tervention.

5. Conclusions

Results suggest the potential of curtailment, stochastic curtailment,
and the 12-item static short form of the SOAPP-R to enhance the effi-
ciency of this screener in two different patient populations. The short
versions, including computerized implementation with real-time cur-
tailment and stochastic curtailment techniques, should be tested in
prospective studies.
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