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Abstract
Screening tests represent a critical tool in clorqaiin treatment for predicting aberrant opioid
use, which has emerged as a significant publidihésgue. Nevertheless, there remains a
significant potential for the misapplication of seners in this context. The potential difficulties
in evaluating the diagnostic efficiency of screangave been well established, particularly with
regard to the impact that the prevalence of a desdnas on predictive value. The wide range in
the reported prevalence of aberrant opioid usevietsamakes it difficult to interpret data
obtained from popular screeners for assessingdtenpal for the aberrant use of opioids. Given
the prevalence of opioid problems, however, foritidpclear clinical guidelines on such
screeners appears highly important. The aims optégent paper include (1) providing a review
of the salient issues necessary for interpretiagrbstic efficiency statistics of screening tests,
(2) identifying the critical differences betweemskivity, specificity and predictive value, and
(3) discussing the characteristic effects thatatisgprevalence has on statistical prediction. The
paper also reviews key processes in screening meedsuelopment and highlights several key

considerations relevant to their appropriate usgimcal decision-making.

Perspective: This article highlights common metrics for evalagtthe clinical utility of
screening tests in predicting aberrant opioid rsaddition, it explores a series of considerations

key to developing clinical guidelines for interpngt the results of screeners in this context.

Keywords. screening tests; decision-making; opioid therayonic pain
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Introduction

Chronic pain is a substantial healthcare condenhaffects up to 25% of the adult
population in developed countri&$>?® Among the many treatment options, perhaps the mos
controversial is opioid pharmacotherapy Notwithstanding evidence that opioids may
represent a valuable treatment option in pain mamagt, a public health crisis has emerged
with regard to their aberrant use. Prevalence estisnfor the recreational use of opioids, for
example, have risen along with the increased numiberescription sale¥. Opioids also
appear to be a driving force behind an alarminge@ase in the number of fatal and nonfatal drug
poisonings in the United States over the past séyears™.

There are certainly risks involved in prescribomioids for chronic pain, yet a subset of
patients do experience pain reduction or increfsectioning, or botH® ** Consequently, one
potential solution to this public health dilemmas lwiavolved developing systematic screening
protocols to predict the potential for aberrant piser to initiating opioid therap§/* %

Information derived from valid psychometric instrems could help identify those at high risk
for aberrant use and ensure that they receiveasetemonitoring or alternative non-opioid pain
treatments. For those whom a psychometric instriimelicates low risk for aberrant use, and
for whom the benefits of opioids are perceivedd@ppreciable, opioid pharmacotherapy can
remain a viable treatment option. These instrumefi€s an important and impartial alternative
to methods that do not reliably classify individsiatcording to risk, including clinical
interviews, provider observation of problematic &eibrs, and urine toxicology screenifig*

Unfortunately, while screening tests are availdbieassessing the potential for future
aberrant opioid use, there are a number of coratides that must be addressed to prevent

misapplication of their findings. The purpose & firesent paper is to provide an overview of
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key areas for potential misapplication, synthe#iizeliterature on appropriate screener
development, highlight the particular requiremédatsaccurate prediction of future behavior,
and evaluate a widely used aberrant opioid usesitrg measure in relation to these issues. The
paper is organized around five key points highligihimportant considerations related to the use
of screening measures in the prediction of futuleayior, which include:

1. Statistical methods are more accurate than clificiyment.

2. Sensitivity and Specificity are not Predictive Valu

3. Population base rates affect a measure’s diagneffiieency.

4. Sensitivity and Specificity are not fixed propestie

5. Benchmark diagnostic tests are necessary.
In addition to providing an overview of these kegues, several recommendations for future
work in this highly important area are offered.

Considerations Related to Predicting the Aberrant de of Opioids

1. Statistical Methods Are More Accurate Than Clinical Judgment

The benefits of using statistical methods to pitegincertain future events have long been
understood in psychological science. Notably, M&ehés responsible for an important
publication that outlined the superior accuracgtatistical prediction over clinical prediction,
even when clinicians were given additional inforimamnot included in the statistical motfet®
In the context of predicting opioid use patternthiose with chronic pain, the primary means of
making statistical-based decisions has involvediieeof self-report screening measures. In
order to best understand the specific requirenfentsredicting future behavior, it is necessary
to provide a brief overview of procedures useddeedbop and initially validate screening

measures. The development and initial validatiatess will then be discussed in relation to
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one of the most frequently used screening measor@sedicting aberrant opioid use, the
Revised Screener and Opioid Assessment for Patiétit$ain (SOAPP-R)

Screening measure development procedureScreening tests have a single primary
purpose: to detect the potential presence or absre particular attribute in peopfe
Screening tests, or screeners, have demonstraliedintmultiple contexts, from predicting the
likelihood of academic or professional successughathe use of aptitude tests to detecting the
presence of tuberculosis based on the resultpofiied protein derivative (PPD) test in
medical settings. Screening measures are intermtetsé among large populations to detect the
presence of an attribute, particularly when indinal$ are either unaware of the attribute or
unwilling to admit having it #2

The results of any screening test include four ibdgges, which can be captured in a 2 x
2 cross-tabulation table (see Table 1). Only twtheffour possible outcomes are correct
classifications, in that the screener accuratelggifies those who have the attribute (true
positives) and those who do not (true negativesgaBse the variables included in screeners are
only tendencies, in other words, people with thelaitte tend to behave in particular ways or
tendto have other, related characteristics, the resfiksreeners will include errdt *2 Thus,
the two remaining outcomes comprise the misclasdibns (false positives and false negatives).
The primary task when developing screening tedis isaximize the number of individuals who
are accurately classified, known as ltiterate. During the screening test development process,
the screener is being evaluated relative to abkstted benchmark test to determine how well
the screener can detect the presence or absetiee aitribute at the present time in relation to

that benchmark. Thus, this analysis is cross-saatio nature.
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Screening measure development metric3he primary objective while developing a
screening measure is to determine four indicesairacy ordiagnostic efficiency, including the
more commonly known sensitivity and specificityf laiso the less well known positive and
negative likelihood ratio%". Sensitivity is defined as the proportion of people who haee th
attribute and are correctly classified by the stee@s possessing that attribute. It is calculated
by dividing the number dafue positives by the sum ofrue positives andfal se negatives.
Converselyspecificity is the proportion of people who do not have thebatte and are correctly
classified by the screener as not possessingttiniéiige. It is calculated by dividing the number
of true negatives by the sum ofrue negatives andfalse positives. Thus, in a sample of 100
individuals, each of whom possessed the attriblibeterest (e.g., current aberrant opioid use), a
measure with a sensitivity of 0.70 would accuratthssify 70 out of every 100 people as
possessing an attribute, while the remaining 3&iddals would be incorrectly classified as not
possessing the attribute. Sensitivity and spetyfaie typically referred to aslumn-based
indexes because they are calculated using the informatidime columns of Table 1.

Thepositive likelihood ratio (LR™) is calculated as the proportion of true posititeeall
who actually have the attribute (i.e., sensitiviiwided by the proportion of false positives tb al
who are diagnosed as not having attribute (i.e.specificity). The LRindicates the likelihood
a positive screening result comes from someoneaghally has the attribute. In terms of
interpretation, an LRof 1, for example, indicates a random or uselesisviith no diagnostic
value®!, where a positive screener result is equallykaylito have come from someone who
has the attribute as it is from someone who dogsasaliagnosed by the benchmark test.
Positive likelihood ratios greater than 1 indicatereased accuracy in the screener’s ability to

correctly identify attribute presence. An LBf 2, for instance, indicates that a positive ens
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is twice as likely to come from someone who acjupdissesses the attribute than from someone
who does not (i.e., a false positive).

Thenegative likelihood ratio (LR") is the false negative rate (i.e., 1 — sensit)wiliyided
by the rate of true negatives (i.e., specificifhe LR indicates the likelihood a negative
screening result comes from someone who does 13seps the attribute, and as the teRds
toward O there is a decreased likelihood that thiéoate is present.

The SOAPP-R — a representative example for prediatg aberrant opioid use. The
SOAPP-R was developed by integrating an item pool of riskhaviors relevant to opioid
misuse and abuse into an instrument with decisitesithat could aid in opioid prescription
decisions. The final version of the SOAPP-R inchli@éd self-report items intended to predict
aberrant use behaviors in patients using opioiasanage long-term pain. The results of the
validation process, which used a sample of 283 paiients, indicated a cut score of 18 had
adequate sensitivity (81%) and specificity (68%efall, the development process for the
SOAPP-R was exemplary as it involved a thorougltgss of items selection and refinement,
evaluation of content validity, and thorough repaytof all diagnostic efficiency statistics, as
well as predictive validity. The SOAPP-R will thésee be used for illustration purposes in the
following sections.

Considerations related to sensitivity and specifity. Sensitivity and specificity are
affected by theut score, which is determined by the instrument developeidelineate between
those who do and do not have the attribute accgritthe screenér. In a screening test like
the SOAPP-R, a very low cut line results in mospmndents being classified as aberrant users.
Although a screener with a low cut line will cortigcclassify most individuals with aberrant

opioid use behaviors, it will also incorrectly ddg many individuals as aberrant opioid users,
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when in fact opioid use is non-aberrant. Thus racfice, only a small percentage of those who
do not have the attribute will be correctly ideietif as being non-aberrant opioid users. Too low
a cut score is not very efficient in practice bessathere will be many false positives.
Conversely, if specificity is maximized using aligut score, the screener will correctly classify
most individuals who are not currently aberrantrsisieut with a high false negative rate.

Deciding whether to emphasize sensitivity or spetyfcomes at the discretion of the
instrument developers, who must explore the regatierits of various cut scores and provide a
defensible justification for the final cut scorarfhe SOAPP-R, Butler et teported on
sensitivity and specificity for all possible cubses and then chose a cut score of 18 in order to
emphasize sensitivity over specificity (.81 and, i@8pectively). As noted above, sensitivity is
related to the LR which was 3.8 for the SOAPP-R and indicated atipesresult was 3.8 times
as likely to have come from a person currently gigipioids aberrantly than from a person using
opioids non-aberrantly. The authors also reportetdRi of .29, indicating that a negative
screener result was about 3.5 times as likely toectrom a person who did not in fact have the
attribute than from someone who did possess detarmining the final cut score for the
SOAPP-R, Butler et al. stated that the priority waglentify those at high risk and minimize
false negatives, even if that meant there werenabeu of false positives identified.

Sensitivity, specificity, and likelihood ratioseaexamples of diagnostic efficiency
statistics that are commonly evaluated during seedevelopment. As noted, these metrics
evaluate the performance of the screening teshaigan established diagnostic benchmark, often
referred to as a “gold standard”. The SOAPRaBs tested against a benchmark system called
the “aberrant behavior drug index,” which combimpégysician and self-report along with the

results of a urine drug screen. Essentially, $kep in the development process evaluates how
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well the screening measure performs at detectiagtbsence or absence of an attrilatite
present. Once a screening measure like the SOAPP-R imjuutlinical practice, however, the
primary concern shifts from how well it classifieslividuals against a benchmark to a focus on
the screener’s ability to distinguish between theke will go on to have and not have the
attribute in the futuré® This latter focus pertains predictive value, which involves additional
considerations that are detailed in the followiagt®ns.

2. Sensitivity and Specificity Are Not Predictive Valie

Predictive accuracy is indicated by the positivedictive value (PPV) and negative
predictive value (NPV) of the screening t&stn contrast to the column-based indexes of
sensitivity and specificity, these indices are mefé to as ow-based indexes because their values
are calculated using the information in the rovee($able 1). Although we will illustrate that
there are expected relationships between the celanthrow-based indexes, sensitivity and
specificity can provide very little information melation to predictive values. An examination of
the cells in Table 1 illustrates that the calcwolasi for sensitivity and specificity do not account
for false positives and false negatives, respédgtivieus the row-based indices provide additional
information in comparison to the indices of theurohs.

Sensitivity and specificity versus predictive valug Conditional probability statements
are particularly helpful for distinguishing sengitty and specificity from positive and negative
predictive valuesA conditional probability is simply the probabilibf some event occurring
given another event is true, notatedR{&vent occur$some other event is true). Sensitivity, for
example, is simply the probability of scoring abdle cut linegiven the individual isan
aberrant user, or P(positive result | aberrant user). Specificity toa other hand, is the

probability of scoring below the cut lingiven the individual is a non-aberrant user, or
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P(negative result | non-aberrant user).

Notice that the above conditional statements catpith the notion of accurate
classification and screener developmairtigre attribute status is known. When attribute status
is unknown, such as in clinical practice, the ctindal probabilities of interest are the exact
inverse of those that pertain to sensitivity anec#icity. For instancegiven an individual
scores above the cut line, the primary interest will be the probability thie individual goes on
to be an aberrant user, Bfaberrant user | positive result). As mucliPgsositive result | aberrant
user) andP(aberrant user | positive result), which referansstivity and PPV, respectively,
appear similar, the actual probabilities can diffezatly*™ *2 Cohert? demonstrated that what
affects the degree of difference between a conditiprobability and its inverse is tpeor
probability, which refers to the base rate of aberrant opis#lin the present example.

The PPV can be calculated from its inverse, seitgj by using the prior probability
and Bayes’ Theorem (see Colffeor Streinef! for more information). An equivalent and simpler
method for calculating PPV involves using the roaséd information in Table 2 and dividing
the number ofrue positives detected by the SOAPP-R by the totalbmmof individuals who
scored above the cut line, or 62/109 = .57. Budtal. reported that the sensitivity of the
SOAPP-R indicated that it was able to “accuratdgntify” 81% of users who “turn out to be at
high risk,” yet the calculated PPV of 57% can kernpreted as the probability that someone will
be an aberrant user given that the individual scal®ve 18 on the SOAPP-R. Therefore a
clinician using this test alone to predict abertas# could expect to be wrong over 40% of the
time. While it is important to note that a scregniest should not be used diagnostically, a
follow-up diagnostic test cannot be applied when3OAPP-R is used to predict future use

patterns. Therefore a PPV in the range of 57% atdgthat the positive result (i.e., that the
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individuals will go on to be an aberrant opioid saust be interpreted with caution and not in
isolation. Additional screening is warranted, sasha diagnostic interview or urine drug screen.
The apparent discrepancy between sensitivity andiREhis situation underscores the critical
need to understand the limitations of a screeresgih this context with regard to predictive
value. Note that Butler et al.’s choice of a cudrecthat prioritized identification of true posiiy
at the expense of over-identifying false-positivaplies maximizing sensitivity and NPV. In
other words, emphasizing sensitivity means morgefpbsitives, which do not factor into the
calculation of the column-based sensitivity statigDn the other hand, the proportion of false
positives is accounted for in PPV. In summary,$BAPP-R performs well at correctly
classifying individuals who are diagnosed with aéet behaviors (81% sensitivity), but many of
the individuals who are not diagnosed with aberteset are misclassified, resulting in a PPV of
57%. Thus, the calculation of predictive valuesvpdes a more complete picture of the
limitations of the SOAPP-R.

Clinical implications. The results from screening tests for any attelwill always
involve “noise,” or error, and predictive value$asfinformation that is more clinically relevant
compared to sensitivity and specificffyy* 3 With regard to the SOAPP-R and prediction, the
results do indicate that the screener has stnegafive predictivevalue, in that it performs well
at predicting individuals who use opioids non-aaetly (NPV = .87; see Table 2), which seems
a significant increase over the probability of radserrant users assumed using prevalence (1-
.345 = .655 prevalence of non-aberrant users; abePR). In other words, the SOAPP-R is
likely to be very accurate in identifying thosetthall not go on to use opioids aberrantly.

Based on the guidelines of Meehl and R%and Streiné?, although the high false

positive rate indicates it is impractical to use 8OAPP-R to “rule in” future aberrant users, the
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screener predicts safe opioid use patterns witbpdable accuracy. Remembering that the
primary concern in screener use is to maximizeuthigy in clinical settings, sensible clinical
guidelines for the use of the SOAPP-R might spetifif it is most appropriate for use in
identifying those who arenlikely to go on to develop aberrant use behaviors.

This issue of correctly identifying those who vgth on to be non-aberrant opioid users is
also relevant to our next consideration, whichgieg to the substantial effects that base rates
have on predictive value. As is true with any soneg test, if the base rates change, the
predictive validity will also shift accordingf? 3> 4
3. Population Base Rates Effect Diagnostic Efficiency

According to Meehl and Roséfthe base rate, or prevalence of a condition in the
population, is an essential component to quantlgnvseeking to evaluate the predictive value
of a psychometric device. This guidance is gerntarike topic of aberrant opioid use behaviors
because the base rates are reported to vary caasigleFor instance, the rates of abuse and
addiction among chronic pain patients who weregrilesd opioids have been reported to be as
low as 3.27%", yet other reports have indicated “addiction peaid” in as many as 50% of
patients™>. In a more recent review, with means that werestdil based on sample size and
study quality, misuse and addiction rates were@pprately 25% and 10%, respectivéfy The
variability in base rates can be attributed torttay ways in which aberrant use behaviors were
defined and the various locations in which thege deere collected’.

In the present subsection, the primary aim wiltdbdemonstrate how substantial
variability in base rates will affect the predi@ipower of any screener, including the SOAPP-
R’, and therefore impact the screener’s utility atirdcal decision-making aid. To illustrate this

point, let us assume three separate “true” bass mdtaberrant opioid use behaviors that fall into
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the general range reported in the literature: 38%p.2and 50%. Using these base rates, as well as
the sensitivity and specificity reported by Butitral. for the SOAPP-R, we have calculated

three 2 x 2 tables (Tables 3a-c) using Butler .& afiginal sample size\(= 223). To simplify

the demonstration and discussion of predictiveejaensitivity and specificity are held constant
in accordance with the SOAPP-R validation study.

In the following examples, diagnostic accuracytf@ three different prevalence rates is
based on PPV, NPV, and overall efficiency (the nendj correct decisions divided by all
decisions). We also evaluated theremental validity provided by the screener above and
beyond simply using the base rates alone to deterthie percentage of incorrect classifications
(i.e. assuming all individuals will use opioids out problems and thus the misclassification
rate equals the base rate for aberrant use). Eocafculation, we used Kraemérsalibrated
positive and negative predictive value (CPPV andPE€Nrespectively), which is essentially a
conservative measure of predictive validity thatrects for chance agreement, similar to
Cohen’s kapp&’. (For a more detailed discussion of the importasfaglibration in conjunction
with diagnostic efficiency statistics, see Kraefhgr

Diagnostic efficiency assuming 3% base rate. When the base rates for aberrant opioid
use are assumed to be 3% in the population, PBMasextremely low (Table 3a), such that of
the 75 individuals who score above the cut linelrenSOAPP-R, only 8% are predicted to
aberrantly use opioids. However, NPV is excellertr 99% of individuals who score below the
cut line will go on to use opioids non-aberranfly.a 3% base rate, a similar relationship exists
between CPPV and CNPV; whereas CPPV indicategtibdest increases diagnostic value by
only 4% for predicting aberrant use, CNPV suggtssdiagnostic value is increased by 71%

for predicting non-aberrant use of opioids. Therallefficiency of the test is 69%. In short, if a
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3% base rate of aberrant opioid use is assumee taé in the population of opioid users, then
the SOAPP-R is best used to identify those whogalbn to use opioids in a non-aberrant
manner and should not alone be used to identifyettreho will go on to use opioids aberrantly.

Diagnostic efficiency assuming 25% base rate. When the base rate for aberrant use is set
at 25% (Table 3b), one begins to see the resultiagacteristic directions in which the
efficiency statistics shift. The PPV has signifittgincreased to 46% and NPV decreased
slightly to 91%, which indicates the SOAPP-R stdturately predicts non-aberrant opioid use,
but is essentially no better than a coin flip ia grediction of aberrant use. Similarly, CPPV has
increased and CNPV has decreased, such that thetesncreases the diagnostic value by 28%
for a positive diagnosis (CPPV), and the increas#iagnostic value for a negative diagnosis
(CNPV) has only decreased slightly to 66%. Ovegtitiency has increased slightly to 71%,
but, as with a 3% base rate, if the true baseofaaiberrant use is 25%, then the SOAPP-R is best
used to identify those who will go on to use opsoildl a non-aberrant manner.

Diagnostic efficiency assuming 50% base rate. At 50% prevalence for aberrant use
behaviors, the overall prediction efficiency of ®®APP-R improves markedly. The PPV and
NPV are both high at 71% and 78%, respectively.il&rty, CPPV has increased to 43% and
CNPV remains high at 56%. Lastly, overall efficigng optimized at 75%. One could argue that
this base rate is when the SOAPP-R may be apptelyriased to classify both those who will
and who will not go on to develop aberrant opicse.u

According to Meehl and Ros&rand Streinef! the positive and negative predictive
values are optimized at 50% prevalence in the @joul. As prevalence in the population
increases above 50%, PPV will continue to incredsiée NPV declines. In other words, as

population prevalence decreases below 50%, PP\édses and NPV increases; as population
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prevalence increases above 50%, PPV increasesRididcreases. At this point, it is important
to emphasize that the limited utility of the SOARR-PPV at low base rates is characteristic of
all screeners, rather than a limitation uniquehto$OAPP-R alone.

Rules of thumb regarding screeners and base rateg here are several heuristics that
can be derived from the pattern observed in thiesadxamining the influence of base rates
(Tables 3a-c). First, when prevalence is low, asalestrated in the present example at 25% or
3% prevalence for opioid aberrant use behavioespthjority of positive predictions are
incorrect, and therefore the screener should be aisky to rule out the condition. It would
therefore be inadvisable to interpret scores abloweut line for the SOAPP-R in this situation
(too many false positives). Additionally, as prerate continues to increase past 50%, NPV will
decrease to the point that the majority of negatneslictions would be incorrect. In this
scenario, the screener should be used only tarrdkee condition, and one should not interpret
scores below the cut line.

Perhaps the most important heuristic offered bytMaad Roseff underscores the
importance of comparing the predictive validitytbé screening test against the base rates — the
incremental validity of the screener. Table 3a illustrates this pouiteqwell. At a prevalence of
3%, the NPV appears excellent, such that about ®98éople will be correctly predicted to use
their opioid medications non-aberrantly. Thus,sbeeener will be wrong about 1% of the time.
Forgoing the screener entirely, however, and assyiali individuals will be non-aberrant users
will result in an error rate equal to the prevakeo€ 3%. This scenario would require examining
the marginal costs of administering the screerseth@ marginal benefit appears small (a 1%
versus 3% rate of incorrect decisions). This examgghlights the difficulty in interpreting the

absolute percentages for predictive value withaeff@rence point such as prevalence. Even tests
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with seemingly low predictive value can offer arpmntant incremental benefit beyond relying
on the base rates, such as in the prediction désdent suicidé®. In terms of the 2%
incremental predictive benefit by using the SOAPRHR marginal cost of test administration is
probably negligible, as the test takes up few clihresources. Making any kind of case for how
to use the SOAPP-R, or any other screener, inlthiead context, however, involves two critical
assumptions: 1) the medical community agrees amwersal definition for “aberrant use” and 2)
the base rates for the agreed upon definition aosvk. In the domain of opioid use behaviors,
there is reason to doubt that there is a univeksthition of aberrant use, a topic relevant to our
final consideration regarding the importance ofdbenarks. Before we discuss benchmarks,
however, it is important to discuss one more aspkesénsitivity and specificity — they are not
fixed properties of the measure.

4. Sensitivity and Specificity Are Not Fixed Properties

Sensitivity and specificity were held constanthe preceding examples examining the
impact of base rates on PPV and NPV. In orderdas#ivity and specificity to remain constant
in practice, however, both patients who do andatdhave the attribute must respond with
“absolute homogeneity” to the test across clinfmpulation$’. In other words, sensitivity and
specificity of any measure can be only expectagneain stable as long as the sample size is
large enough to be sufficiently representativehefentire population of interest.

Given the range of different populations of chropéen patients one could potentially
sample when evaluating a screener like the SOARR-R improbable that the calculated
sensitivity and specificity are representativehaf éntire population of opioid-using individuals
with chronic pain. The number of individuals withronic pain totals into the millions, and the

initial SOAPP-R validation study included a sampl23 chronic pain patients who do not
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appear to have been randomly selected. Just &mdeerates will change to some degree
depending on the clinical context, the responseddeaies, and therefore the screener’s
psychometric properties, will also vary dependinglee context of each administration.
Therefore, until such a time that samples are largrigh to be assumed to be representative of
the population, it is recommended that sensitigitg specificity, as well as PPV and NPV, are
calculated with each new sample analyzed.
5. Benchmark Diagnostic Tests are Necessary

The challenges in using screeners to predict afiensee behaviors among patients who
are prescribed opioids for chronic pain are ndaigal to this specific context, as prevalence will
always affect the predictive value of a screenesj.tFor example, in HIV screening among the
general population, the probability of being infstby the virus is approximately .01%, and
using Bayes’ Theorem will indicate that the postepgrobability of actually having the virus
following a positive screener result is only 56%In this case, however, practitioners working
with infectious diseases have several advantagestibese working in clinical psychology or
examining human behavior. For one, infectious disegpproaches generally use screening tests
to detect current disease presence, whereas ascilie the SOAPP-R predicts future
behavior. After a positive result on the SOAPPH®, danly way to confirm the predictive validity
in any particular case is to follow future opioiskeupatterns, as there is no diagnostic follow-up
test that can be administered. Secondly, an HI¥cindn involves an identifiable pathogen, and,
after the initial screening test, which only desemtti-bodies, a more involved diagnostic follow-
up test can identify the virus itsélfThe lack of an identifiable pathogen in aberpibid use
behaviors presents additional challenges to evalyatreening tests because a gold standard

diagnostic test is so essential to screener vadidat
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At present, both the Diagnostic and Statistical MarOf Mental Disorders (DSM-5)
and the ICD-10 Classification Of Mental And Behawia Disorders (ICD-10f are commonly
used classification systems for diagnosing opiaie disorder. Upon examining the criteria from
each system, however, the lack of consensus alddahwehaviors are most salient becomes
clear. For example, the DSM-5 no longer delinebttween abuse and dependence, yet the
ICD-10 makes a distinction between dependence andftl use, which is similar to DSM-1V-
defined abuse, and considered less severe of th& tihe ICD-10 and DSM criteria also
include some key differences in the specific cidewhich may result in different prevalence
rates for opioid use disorder between the two syst& *3 Furthermore, the complexities of
using opioids to manage chronic pain can preseatcamfound to the criteria for diagnosing
aberrant use'’ 3" * For example, taking opioids in larger amountsrdivee may denote poorly
controlled pain or the intractable nature of cheguain, or both, and not necessarily indicate
medication tolerance. Taken together, it would appleat addressing the base rates for aberrant
use would first require coming to a consensus am tygioid use disorder is defined in those who
are using opioids in the treatment of chronic paird include only those criteria for aberrant use
behaviors that are most salient from a public hesttindpointAs Fordycé® recognized long
ago, it is important to examine whether analgese&ia causing problems or impeding the
process of chronic pain management. Sage advioegthfour decades later, we are still trying
to determine exactlgjow to define clinically significant opioid use probis.

Discussion

The goal of any psychometric measure is to sugherprocess of clinical decision-

making. In order to accomplish this goal, the imstent in question must demonstrate adequate

predictive validity and offer a measureable incretakbenefit over other methods of making
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clinical decisions, such as relying on base ratesaking use of clinical judgment. Further,
following sound measurement development practioefjding reporting on key psychometric
properties, are not alone sufficient for estabfighpredictive validity. Sensitivity and specifigity
by themselves, become relatively unimportant foltayscreener development, and the base
rates for the attribute of interest significantffeat how a screener should be used to make
predictions for future behavidf' ** The base rates for aberrant opioid use are péatlg

difficult to pinpoint, especially given the lack obnsensus on diagnostic criteria, which creates
challenges for creating clinical guidelines for aayeening test, such as the SOAPP-R.

The consequences for using a screener lacking rpbsgive predictive validity may
include inappropriate diagnosis, stigma, lack afess to effective pain control for low-risk
individuals who score above the cut line, and afecreener lacking robust negative predictive
validity, adverse outcomes related to aberranfarskigh-risk individuals who score below the
cut line*®. The issue of stigma may be particularly salient&frican-American patients with
chronic pain, who may be less likely than Whiteigras to receive opioid prescriptions for
chronic paifl and who may also be subjected to closer monitairdymore likely to be sent for
substance abuse assessniefftsScreeners like the SOAPP-R, when used propedy, lgad to
more equitable treatment for all chronic pain pagainder consideration for opioids.

As indicated by Kraem#&t, sensitivity and specificity as well as positivelanegative
predictive values should be expected to vary aalisigal populations. Therefore, just as with
the psychometric properties of any other instrumiet efficiency statistics of a screener will
change to some degree with every test administrafibe reliability of diagnostic efficiency
statistics like sensitivity and specificity can pilegin to be assumed to reflect the true

population parameters after many different admiaisins in various settings. Yet even
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population parameters may be of little use whengiaiscreening test at a specific medical
setting working with a specific clinical populatiobiagnostic efficiency statistics are best
understood in the context in which a screeneréslua screener like the SOAPP-R may, for
example, be used to effectively rule out futureredoe use in a general clinic where the base rate
of opioid use disorder is low, yet the SOAPP-R sthidne used to rule in aberrant use in a clinic
with a high prevalence of pre-existing substan@edisorders, a risk factor for opioid use
disorders. Furthermore, one must be careful abengi@lizing the diagnostic efficiency of a
screener beyond the population for which it waended. The known risk factors and SOAPP-R
validation study are specific to adults, for ingl@anand it cannot be assumed that any of the
diagnostic efficiency statistics will generalizeatdolescent populations. Therefore understanding
base rates at the level of the local clinic mayheebest tool for understanding how to use
screening tests in context.
General Guidelines for Using Screeners

The statistician George Box is famously quotedtaisng that all of our statistical models
are wrong, but some are usefulGiven the wide range in base rates for abeppiuid use, the
clinical utility of our models to predict the abant use of opioids is indeed dubiooaveat
emptor, though several guidelines can be offered thatigvbelp prevent misapplication, thus
fulfilling Box’s aspiration of usefulness. This pags intended to provide a primer on
understanding diagnostic efficiency and apply thdifgs of seminal works in this area of
predicting aberrant opioid use through screeniststédn understanding of the following key
points will facilitate more effective use of screemmeasures in relation to this need:

Screening tests are useful tools for predicting risk. When used properly, screeners

represent a more standardized and objective aseassompared to clinical judgment, such as
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clinical interviews and looking for problematic usédicators. Screeners have demonstrated their
value in both medicine and clinical psychology. Kigggnostic efficiency statistics, including
sensitivity, specificity, and predictive valuesndegelp inform interpretation of the results and the
decision-making process. Still, it is importanutederstand that a screener like the SOAPP-R
only evaluates one aspect of the decision of wheéthprescribe an opioid — risk potential.
Another key evaluation area for those deemed foweisk is the expected benefit from
opioids, which is beyond the scope of a screekertlie SOAPP-R.

Sensitivity and specificity do not imply predictive value. While not inaccurate to say that
a screener like the SOAPP-R has demonstrated 8t@amy in identifying individuals with
aberrant use behaviors, this phrasing can be masemd as prediction. In this example, the 81%
refers only to the sensitivity of the screener,chihis a statistic of classification accuracy used t
develop a screener. The differences in languagedaet sensitivity and specificity compared to
PPV and NPV are quite subtle, but each can leadmd#ferent conclusions about the clinical
utility of a screener. Sensitivity and specificitse determined at the discretion of the instrument
developer, but predictive values are primarily ciiéel by base rates.

Base rates affect predictive values in expected ways. As demonstrated by Cohéh*?
Meehl and Rosett, and Streinéf, as well as in Tables 3a-c, the base rates fattabute affect
the predictive value of a screener. When prevalenbegh, NPV will be low, so only those who
score above the cut line can be clearly interpreiéidrnatively, when prevalence is low, PPV
will be low, and only those who score below thelmg can be clearly interpreted. The PPV and
NPV are optimized at a prevalence of 50%. BaseeMiatence suggesting that the base rates for
aberrant opioid use falls below 50%, the SOAPP+fhotabe expected to accurately predict

those who will go on to aberrantly use opioids. rElffi@re positive results should be interpreted
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with caution and should not be the primary drivehibd a recommendation not to prescribe. A
more cautious approach might involve additiondings closer monitoring (including ongoing
diagnostic testing), or starting out at a loweratyes Screeners like the SOAPP-R can, however,
accurately predict those who will go on to use @son a non-aberrant manner when base rates
are low. Further, the specific predictive values laest determined by understanding base rates at
the level of the clinic itself. For example, baates in a primary care setting may be below 50%,
while they may be higher in other services, suctoasalled “Co-Occurring Disorder” clinics
that specialize in chronic pain treatment for thagtd problematic opioid use patterns.
Diagnostic efficiency statistics are not fixed properties of a screener. Just as one should
report on statistics like internal consistencydgysychometric instrument based on the sample in
a given study, basic diagnostic efficiency statssshould be offered in a similar manner when
using screeners. At a minimum, studies should teposensitivity, specificity, PPV and NPV
for the sample under investigation whenever a semeis used, rather than reporting on the
sensitivity and specificity from the original measulevelopment study, as is common practice.
The diagnostic system implemented affects diagnostic efficiency. Presently, there is no
universally-accepted “gold standard” against whickhompare the results of a screener for
opioid use disorder. The validity of the screener, however, is siguaifitly tied to the accuracy
of the benchmark teét. As explored in the previous section, the lack ohiversal benchmark
test is perhaps the greatest barrier to improviegpredictive validity of screeners for opioid
addiction, particularly because of the aforemergiissues regarding classification criteria in
the DSM-5. Using different classification systems to confitme result of the screener may lead
to discrepant diagnostic efficiency statistics. iUnuniversally agreed upon diagnostic system is

established, it is recommended that consistenhdstgc systems are used at the level of specific
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studies or within specific clinics. FurthermoreaiSpecific setting uses a different diagnostic
system than that which was used during screenalal@went, diagnostic efficiency statistics,
including sensitivity, specificity, PPV, and NPV ust be recalculated.
Conclusions

It seems clear that predicting the aberrant usgmids in the context of chronic pain
management using screening tests is a complexggocherefore, it is incumbent upon
clinicians involved in these decisions to enactdjpmnitoring practices that are fair to patients
and recognize the potential for high false positate for those who score above the cut line on
screeners. For those who are deemed a highethesie is support for providing close
monitoring and substance use counseling in inangagpioid use complianéd though we must
also keep in mind the stigmatizing effect of asswgrat-risk status when the rate of false
positives is high. Screening tests themselves atrdiagnostic, so it is important to develop
monitoring protocols that recognize the potentialthe false positives that arise from screeners.
Ultimately, the only way to confirm the resultsaotcreener is to follow all patients during long-
term opioid therapy. This provides an additionaldfé of enhancing a clinic’s data on the base
rates for aberrant use, which can then help infdrmic-specific guidelines for interpreting

screening tests for predicting aberrant use ofidpim chronic pain.
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Tables

Table 1. Possible Screening Test Results

Screener Attribute Status
Result Present Absent
Present True Positive False Positive Positive Predictive Value
Absent False Negative True Negative Negative Predictive Value
Sengitivity Soecificity

Note. Sensitivity and specificity are calculated frdme tolumns and are known as column-
based indices; positive and negative predictiveashbre calculated from the rows and are
knows as row-based indices.

Table 2. Results of Screener Validation for the SOAPP-R

Aberrant Drug Behavior Index
Aberrant User Normal User Row Total

SOAPP-R Result

Positive 62 47 109
Negative 15 99 114
Column Total 77 146 223

Note. Data calculated from Butler et al. (2008). A piosi result indicates a score above 18
on the SOAPP-R. Prevalence = 77/223 = .345; test t£109/223 = .489; Sensitivity =
62/77 = .81; Specificity = 99/146 = .68; Positivedictive Value (PPV) = 62/109 = .57;
Negative Predictive Value (NPV) =99/114 = .87. P&d NPV can also be calculated
using Bayes’ Theorem.

Table 3a. Assuming 3% Prevalence - Hypothetical Results for the SOAPP-R

Aberrant Drug Behavior Index
Aberrant User Normal User Row Total

SOAPP-R Result

Positive 6 69 75
Negative 1 147 148
Column Total 7 216 223

Note. Prevalence = 7/223 = .03; test level = 75/22336; PPV = 6/75 = .080; NPV =
147/148 = .991; Overall efficiency = (6+147)/223686; CPPV = (.08-.03)/(1-.03) = .043;
CNPV = (.991-.97)/(1-.97) = .714. Meehl and Roseato = .087.



Table 3b. Assuming 25% Prevalence - Hypothetical Results for the SOAPP-R

Aberrant Drug Behavior Index
SOAPP-R Result
Aberrant User Normal User Row Total

Positive 45 53 98
Negative 11 114 125
Column Total 56 167 223

Note. Prevalence = 56/223 = .25; test level = 98/22839; PPV = 45/98 = .461; NPV =
114/125 = .910; Overall efficiency = (45+114)/223723; CPPV = (.46-.25)/(1-.25) = .277;
CNPV = (.910-.75)/(1-.75) = .659; Meehl and Roseatn = .843.

Table 3c. Assuming 50% Prevalence - Hypothetical Results for the SOAPP-R

Aberrant Drug Behavior Index
SOAPP-R Result
Aberrant User Normal User Row Total

Positive 90 36 126
Negative 21 76 97
Column Total 112* 112* 223

Note. Prevalence = 112.5/223 = .5; test level = 126R2365; PPV = 90/126 = .714; NPV
=76/97 = .784; Overall efficiency = (90+76)/223745; CPPV = (.72-.5)/(1-.5) = .434;
CNPV = (.78-.5)/(1-.5) = .563; Meehl and Rosentiora 2.53.

*Rounded up to nearest whole number



Highlights:

» Screening tests are an important risk evaluation tool for aberrant opioid use

» Screeners also have the potential to be misused in clinical decision-making

» Proper interpretation recognizes that sensitivity does not imply predictive value

* Thevariation in base rates for aberrant opioid use complicates predictive validity

* When base rates are low, positive results on screeners must be interpreted with caution



