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Abstract

Background and aims—The accuracy of current screening instruments for identification of
substance use in pregnancy is unclear, particularly given methodological shortcomings in existing
research. This diagnostic accuracy study compared five existing instruments for ability to identify
illicit drug, opioid and alcohol use, under privacy expectations consistent with applied practice and
using a gold standard incorporating toxicological analysis.

Design—~Prospective cross-sectional screening accuracy study.
Setting—Three sites encompassing four prenatal care clinics in the United States.

Participants—Convenience sample of 1220 racially, ethnically and socio-economically diverse
pregnant women aged 18 years and over.

Measurements—In Phase |, participants completed the five screening instruments in
counterbalanced order. Instruments included the Substance Use Risk Profile—Pregnancy (SURP-
P), CRAFFT (acronym for five-item screener with items related to car, relax, alone, forget,
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friends and trouble), 5Ps (parents, peers, partner, pregnancy, past), Wayne Indirect Drug Use
Screener (WIDUS) and the National Institute on Drug Abuse (NIDA) Quick Screen. In Phase I,
participants provided a urine sample and completed a calendar recall-based interview regarding
substance use. These screeners were tested, using receiver operating characteristic (ROC) analysis
and accuracy statistics, against a reference standard consisting of substance use in three classes
(illicit drugs, opioids and alcohol), considered positive if use was evident via 30-day calendar
recall or urine analysis.

Findings—Three hundred and fifteen of 1220 participants (26.3%) met reference standard
criteria for positivity. The single-item screening questions from the NIDA Quick Screen showed
high specificity (0.99) for all substances, but very poor sensitivity (0.10-0.27). The 5Ps showed
high sensitivity (0.80-0.88) but low specificity (0.35-0.37). The CRAFFT, SURP-P and 5Ps
had the highest area under the curve (AUC) for alcohol (0.67, 0.66 and 0.62, respectively), and
the WIDUS had the highest AUC for illicit drugs and opioids (0.70 and 0.69, respectively).
Performance of all instruments varied significantly with race, site and economic status.

Conclusions—Of five screening instruments for substance use in pregnancy tested (Substance
Use Risk Profile—Pregnancy (SURP-P), CRAFFT, 5Ps, Wayne Indirect Drug Use Screener
(WIDUS) and the National Institute on Drug Abuse (Quick Screen), none showed both high
sensitivity and high specificity, and area under the curve was low for nearly all measures.
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INTRODUCTION

Data from the National Survey on Drug Use and Health indicate that approximately 285
000 pregnant women (12.6%) used alcohol or illicit drugs in the past 30 days [1]. Under-
reporting is common, however, meaning that the actual numbers are almost certainly higher
[2-5]. Although effects are inconsistent and often subtle, substance use during pregnancy
can lead to adverse infant and child outcomes [6-10] as well as negative effects for women
themselves [11-13]. Early and accurate identification of substance use in pregnancy is
critical.

Existing research into screening pregnant women for substance use has several limitations.
First, few studies evaluate detection of illicit or prescription drug use during pregnancy
[14-16]. Secondly, most studies use structured diagnostic interviews as a reference standard
rather than substance use itself. Substance use is the primary interest during pregnancy
because of its adverse fetal impacts. Additional shortcomings include a lack of direct
comparisons between instruments, infrequent inclusion of biological measures of substance
use and use of single-site or homogeneous cohorts. Finally, previous studies have neglected
subtle but important differences in expectations of privacy between research and clinical
settings.

These shortcomings highlight the clear need for stronger data to inform health-care-based
screening practices with pregnant women, particularly given recent increases in opioid use
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during pregnancy [17]. The present study sought to address this need via a prospective
multi-site comparison of multiple screening instruments’ ability to detect illicit drug and
opioid use, as well as alcohol use, among pregnant women.

Sites and participants

Procedure

Participants were a prospective convenience series of pregnant women seeking prenatal care
at one of three sites (Yale New Haven Health System in New Haven, CT; Massachusetts
General Hospital in Boston, MA; and the Henry Ford Health System in Detroit, MI).
Recruitment took place between February 2016 and April 2017. To be included, participants
had to be pregnant, 18 years or older and able to understand English. Women were excluded
if they showed cognitive impairment, were currently hospitalized, were considering either
termination of the pregnancy or adoption or did not provide consent.

This study used a previously described approach [5,18] to maximize generalizability by
administering measures under the same privacy expectations typically found in clinical
practice, and without foreknowledge of a pending urine sample request; and to also
maximize participant protection from research-related harm. Achieving these goals required
initially implying to participants that their responses would be shared with their doctor,
when in fact all data were anonymous; and asking for voluntary provision of a urine sample
only after completion of the screening instruments. This approach was implemented at the
Detroit and New Haven sites, with approval from the Institutional Review Boards at Yale,
Wayne State and the Henry Ford Health System. At the Boston site, participants were told
during the consent process that the first phase was completely anonymous. This approach
was approved by the Institutional Review Board of Partners Healthcare (Massachusetts
General Hospital).

Pregnant women were approached during a regularly scheduled prenatal care visit, either

in the waiting area or after being told of the study by clinic staff. Research assistants
described the study as having two phases, noting that the second phase would be described
in detail after conclusion of the first, and that the participant would be free to decline at that
time. Participants were told that Phase 1 involved providing answers regarding substance
use using an iPad and a gift card worth $10. Participants in Boston were told that all
participation was anonymous. Participants in Detroit and New Haven were initially told that
their answers would be shared with clinic staff but would be kept confidential. However,
after completion of Phase 1, participants in Detroit and New Haven were then told that their
responses would not be shared with staff, that no identifying information was being retained
and that this was conducted to provide as much protection for them as possible while also
administering the measures in a realistic way. Participants were debriefed by asking if they
had any concerns or negative reactions. As with past studies using this approach [5,19], no
participants expressed concern. Screening instruments were administered in counterbalanced
order (all possible orders equally represented) at all sites.
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At all sites, participants who completed Phase 1 were then asked to complete calendar-based
recall of substance use via the iPad and to provide a urine sample. Those who provided
consent for and completed Phase 2 received a $30 gift card. Use of an external laboratory
and direct self-report via iPads effectively prevented investigator bias during collection

of either the index tests or reference standards. As results were not known to study

staff at this point, there was no obligation to report substance use in pregnancy to child
protective services. All participants were given a list of free or reduced-cost services in their
community.

Screening instrument selection

This study included all known non-proprietary screeners with published evidence for use in
identifying substance use (not just alcohol) in pregnancy. We found three measures meeting
these criteria: the Substance Use Risk Profile-Pregnancy (SURP-P) [20], the Wayne Indirect
Drug Use Screener (WIDUS) [5] and the CRAFFT (acronym for five-item screener with
items related to car, relax, alone, forget, friends and trouble) [21,22]. We also included the
5Ps (parents, peers, partner, pregnancy, past) screener [23,24], because it is widely used with
pregnhant women, making rigorous evaluation necessary. All four measures were used with
their original time-frame and cut score.

All these measures include one or more items evaluating substance use consequences or
correlates of substance use rather than focusing exclusively on use itself. Further, each of
these measures uses a life-time/before pregnancy time-frame rather than asking specifically
about use during pregnancy. Both these approaches are intended to increase sensitivity, given
the prevalence of under-reporting in pregnancy. Further, in the case of the SURP-P and
WIDUS, items with these characteristics were selected empirically from among a larger set
of items. This similarity among all four measures suggests the need for a comparator asking
directly about substance use during pregnancy. We thus included the National Institute on
Drug Abuse (NIDA) Quick Screen [25], a parsimonious screener that directly measures
substance use. Further, to focus specifically on use during pregnancy, the NIDA Quick
Screen response options were modified to refer to the past month rather than the past year.
Each of these five measures is reviewed below and in Table 1 (Figure 1).

SURP-P—The three-item SURP-P (Table 1) was developed in a training sample of 1610
pregnant women and cross-validated in a separate validation sample of 1704 pregnant
women. On cross-validation, the SURP-P (using the high-risk cut-off) identified alcohol
use with a sensitivity of 48% and specificity of 85%, and identified marijuana use with a
sensitivity of 68% and specificity of 86%; it also outperformed the original measures from
which its items were drawn [20].

WIDUS—The WIDUS is an indirect screening instrument that seeks to identify risk in the
perinatal period by asking about correlates of drug use [5]. On cross-validation, the WIDUS
showed sensitivity of 76%, specificity of 68% and area under the receiver operating curve
(AUC) of 0.74. The WIDUS also outperformed the 10-item version of the Drug Abuse
Screening Test (DAST-10), and WIDUS scores showed a strong linear association with
likelihood of positive toxicology [5].
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CRAFFT questionnaire—The CRAFFT (a mnemonic representing each item in this
six-item instrument: car, relax, alone, forget, friends and trouble) was originally designed to
detect adolescent substance use risk [21,26,27]. Items were selected from existing measures
and reduced using a self-report criterion [21]. In a pilot study (n7= 30), the CRAFFT showed
utility in identifying substance use among pregnant young adults, using both calendar
based-recall [positive predictive value (PPV) of 90% and negative predictive value (NPV) of
80%] and diagnostic interview (PPV of 58% and NPV of 83%) reference standards [22].

The 5Ps—The 5Ps Prenatal Substance Abuse Screen for Alcohol and Drugs [23,24] (with
‘5Ps’ being a mnemonic representing each question in this five-item measure: parents, peers,
partner, pregnancy, past) is an adaptation of an earlier measure (the 4Ps) designed for use

in pregnancy. Although not separately validated, the 5Ps overlaps significantly with closely
related measures that have reported utility in identifying substance use in pregnancy [28,29],
and is in wide use in several states for identification of substance use in pregnancy. Data on
the validity of the 5Ps are clearly needed.

NIDA quick screen—The NIDA Quick Screen [25] consists of four questions regarding
the frequency with which respondents have used illegal drugs, prescription drugs for non-
medical reasons, tobacco or multiple drinks containing alcohol (four or more drinks in a
day). The alcohol and drug use items have been validated as single-item measures [30-32].
As noted, although the Quick Screen has not been validated among pregnant women, its
parsimony, strong performance in other samples and direct measurement of in-pregnancy
substance use make it an important comparator.

Study protocol—The full study protocol can be accessed by contacting K.A. Y. at
kimberly.yonkers@yale.edu.

Reference standard

Consistent with recommendations for measurement of drug use [33,34], we used an a
priori reference standard in which participants were considered positive if either urine
drug screening [35] (enzyme immunoassay; Redwood Toxicology Laboratory, Santa
Rosa, CA, USA) or 30-day calendar-based self-report recall [36—38] were positive.
Agreement between self-report and urine drug screen results was high, at 90.9% for

illicit drugs, 88.1% for alcohol and 97.0% for opioids. The illicit drug use reference
standard combined self-report of illicit drug use in the past 30 days (marijuana, cocaine,
heroin, amphetamines, barbiturates and hallucinogens) with testing of urine samples for
amphetamines, barbiturates, cocaine and marijuana. The opioid reference standard combined
self-report of prescription opioid misuse in the past 30 days with any evidence of opioid
use from the toxicology screen. Alcohol was considered positive if either calendar-based
recall for the past 30 days or urine screening (direct testing for ethanol) was positive. For
participants missing either urine screening (n7= 4) or self-report data (7= 1), the reference
standard was based upon the available measure.

Ad(diction. Author manuscript; available in PMC 2021 August 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ondersma et al.

Page 6

Statistical analyses

Following a priori power analysis, the study was designed to recruit 400 women with

drug or alcohol use so that a 7.5% difference in sensitivity between two screeners could

be detected with 91% power. Each measure’s association with the reference standard

in each category (illicit drugs, alcohol and opioids) was first evaluated using logistic
regression models, which were used to calculate AUC. Sensitivity, specificity, PPV, NPV,
raw accuracy (percentage of correct classifications) and 95% confidence intervals (CI) were
then calculated using published cut scores (an a priori decision). Individual items from the
NIDA Quick Screen were tested for their ability to detect their respective reference standard
(e.g. the drug use item was tested for associations with drug use).

Direct comparisons between screening instruments were calculated separately for each
of the three reference standards and focused on AUC as the best overall measure

of classification performance, particularly given its stability across cut score and base
rate. Differences in AUC between measures were compared by calculating Z-scores

AUC| — AUC)

(SED? + (SEp)”

for each pairwise comparison. Comparisons of sensitivity, specificity and

accuracy between screening instruments, as well as pre-planned analysis of moderation of
differences in screener performance by race/ethnicity, site, trimester and current receipt

of any form of public assistance, were tested with generalized estimating equation (GEE)
models specifying a binomial distribution, logit link and exchangeable correlation structure.
Two-sided AP-values of < 0.05 were considered significant. Analyses were conducted with
SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA).

Sample derivation and missing data

RESULTS

We approached 3429 women for screening; 1101 did not meet eligibility criteria, 941
declined or did not provide consent, 149 did not complete the study and 18 were excluded
for other reasons (e.g. technical problems with tablet, ineligibility discovered), leaving a
final sample of 1220. Of the 149 incompletes, 57 were unable to complete Phase 1 and

13 were unable to complete Phase 2 due to time constraints. After completing Phase 1, 55
women declined to complete Phase 2 and 24 were unable to provide a urine sample. When
calculating performance measures, participants with incomplete data for a given screener
were excluded from analyses for that screener. The numbers excluded ranged from four for
5Ps to 21 for NIDA Quick Screen-illegal drugs (Fig. 2). GEE models used all available
screening information from each participant, even if individual screen results were missing.
However, women with missing covariates (n= 33) were dropped from GEE analyses.

As seen in Table 2, the final sample included 1220 pregnant women, most of whom were
either non-Hispanic African American (77 =480, 40.1%) or non-Hispanic white (n = 444,
37.1%). Fewer than half the participants (7= 539, 44.7%) received some form of public
assistance. A total of 315 (26.3%) was positive for alcohol, opioids or other drugs, by either
self-report or urine drug screen, a rate that driven in part by high rates of marijuana use at
the New Haven and Detroit sites (182 participants in total were positive for marijuana). We
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did not identify any adverse results (significant distress, socio-legal consequences or breach
of confidentiality) as a consequence of participation.

Identification of illicit drug use

Each screener’s ability to identify illicit drug use and comparisons between screeners are
presented in Table 3. For illicit drug use, significant differences between measures in
sensitivity (type 3 x2 = 102.5, P< 0.001) and specificity (type 3 x2 = 636.3, P< 0.001) were
detected, adjusting for trimester, site, race/ethnicity and receipt of public assistance. The
single item from the NIDA Quick Screen showed the highest overall specificity (0.99, 95%
Cl =0.98, 1.00), but the lowest sensitivity (0.27, 95% CI = 0.21, 0.34). Conversely, the 5Ps
had the highest sensitivity (0.80, 95% CI = 0.73, 0.85), but the lowest specificity (0.37, 95%
Cl = 0.34, 0.40). No screening instruments were both highly sensitive and specific. WIDUS
had the highest AUC (0.70, 95% CI = 0.67, 0.74).

Identification of alcohol use

Performance measures for identification of alcohol use and comparisons among measures
are also presented in Table 3. Sensitivity and specificity differed significantly between
measures (type 3 XZ Quick Screen showed the highest specificity (0.99, 95% CI = 0.98,
0.99) but lowest sensitivity (0.10, 95% CI = 0.05, 0.16), and 5Ps had the highest sensitivity
(0.88, 95% CI1 = 0.81, 0.92) but lowest specificity (0.37, 95% CI = 0.34, 0.40). AUC was
highest for CRAFFT (0.67, 95% CI = 0.62, 0.71), SURP-P (0.66, 95% CI = 0.62, 0.70),
and 5Ps (0.62, 95% CI = 0.59, 0.65) and no instrument had both high sensitivity and high
specificity.

Identification of opioid use—Each screener’s ability to identify opioid use is also
presented and compared in Table 3. Results followed the same pattern as the other illicit
drugs outcome, with significant differences in sensitivity (type 3 X2 =28.7, P<0.001) and
specificity (type 3 XZ =745.3, P<0.001) between questionnaires. The NIDA Quick Screen
again showed the highest specificity (0.99, 95% CI = 0.98, 0.99) but lowest sensitivity (0.16,
95% CI =0.07, 0.31), and the 5Ps showed the highest sensitivity (0.81, 95% CI = 0.67, 0.92)
but lowest specificity (0.35, 95% CI = 0.32, 0.38). WIDUS had the highest AUC (0.69, 95%
Cl =0.62,0.77).

Moderators of screening instrument performance

Table 4 presents performance of each measure in predicting illicit drug use by race/ethnicity,
site, trimester and public assistance, as well as the ~-value for the GEE interaction term
testing if these factors moderated performance differences between screeners. Two-way
interactions were present for at least one measure of merit (overall accuracy, sensitivity

or specificity) for the potential moderators examined. For example, as seen in Table 4,
differences in accuracy varied between screeners according to race/ethnicity, with accuracy
for white women being higher with the WIDUS and NIDA Quick Screen and lower for the
SURP-P, CRAFFT and 5Ps compared to black and Hispanic women. Similarly, specificity
was lowest among white participants for the SURP-P, CRAFFT, and 5Ps, but not for
WIDUS and NIDA; and the SURP-P showed greater specificity in New Haven than in
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Boston. Additionally, specificity was highest in the third trimester SURPP, but it was lowest
in the third trimester for NIDA.

DISCUSSION

In this pragmatic multi-site study addressing shortcomings from prior research, none of

the tested measures exceeded an AUC of 0.70 (often interpreted as the cut-off between
‘poor’ and “fair’ accuracy) for any outcome. Using published cut scores, some screening
instruments were highly specific and others were highly sensitive, but none were both. This
level of performance is lower than reported in previous studies [30], probably because

of differences in samples (pregnant women rather than general adults) and reference
standards (substance use rather than presence of a substance use disorder). As noted above,
most studies evaluating screening tools use structured interview-based reference standards.
Women who are willing to disclose substance use or related consequences on a short
questionnaire are likely to also do so on a longer questionnaire, and those denying it on a
short questionnaire are likely to do so on a longer measure. This can result in superficially
elevated accuracy statistics that do not capture respondents who consistently fail to disclose
substance use or consequences. Although there is certainly value in identification of
substance use disorders in pregnancy, women who do not meet criteria for a use disorder
could nevertheless engage in risky use, and many women meeting criteria for disordered use
nevertheless cut down or quit during pregnancy (diagnostic criteria refer to symptoms at any
time in the past 12 months).

Further, measures evaluated in this study showed significant variations in performance as
a function of race, trimester, receipt of public assistance and site. This variability could
lead to significant differences in positive outcomes such as treatment provision, as well
as in negative consequences such as involvement with child protective services. Implicit
assumptions of the invariance of screener accuracy across such factors appear unfounded.
The origins of this variability are unclear, but may include heterogeneity in rates and
types of substance use; contextual differences, especially those related to the socio-legal
consequences of substance use in pregnancy; and cultural influences. Future measure
development should consider consistency across such factors when evaluating potential
items.

Future research should also seek to improve the performance of self-report screening
instruments for use in pregnancy. The high sensitivity of some measures in this analysis, and
the high specificity of others, suggests that items in existing measures should be reviewed
for possible combination into a single tool. Inclusion of demographic characteristics such
as age—which is strongly associated with drug use in pregnancy [1]—or use of scoring
algorithms rather than a simple sum may also be helpful. As a further challenge, screening
approaches must also address obstacles to integrating evidence-based screening into clinical
settings; in a 2010 survey, only 10.6% of obstetrician—gynecologists reported using a
validated screening tool to assess alcohol risk [39]. Mere identification of a superior
screening tool is insufficient; valid tools must also be embedded in delivery mechanisms
and administrative environments that support their use.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ondersma et al.

Page 9

Several limitations must be highlighted. First, although the multi-site design resulted in

a large and diverse sample, the sample was non-representative and excluded non-English
speakers. Secondly, because of variability in Institutional Review Board (IRB) requirements,
participants at the Boston site knew their responses were anonymous when completing
screening. Although sample differences between sites preclude analysis of whether this
variation affected outcomes, it should be noted that—in a sensitivity analysis—AUCs for
only the Detroit and New Haven sites were nearly identical to AUCs for all three sites
combined (Supporting information, Table S1). Thirdly, although our use of urine drug
screening is a significant strength, it provided only a short window of detection. For
example, ethanol is only detectable in urine for a few hours after ingestion; marijuana is
typically detectable for up to 2 weeks, and most other drugs are detectable for only 24-48
hours [40]. Overall rates of use, and thus screening instrument performance, may have

been affected by our inability to detect drug use beyond a brief window. Fourthly, we were
unable to distinguish between urine samples that were positive because of illicit opioid use,
prescription opioid misuse or opioid use under a physician’s guidance (e.g. buprenorphine).
Information from the participant’s medical records would have increased our ability to make
these distinctions. However, because only 20 of 1220 urine samples (1.6%) were positive for
opioids of any kind, this limitation is unlikely to have significantly affected results. (This
value is consistent with findings from the 2016 National Survey on Drug Use and Health,

in which 1.2% of pregnant women reported use of heroin or misuse of opioid pain relievers

[41].)

Although the performance of some instruments on some measures of merit was strong, none
showed either adequate or consistent performance, and none can currently be recommended
for applied practice with pregnant women. The challenge is particularly marked with opioid
use, which is more difficult to identify accurately given its low prevalence in most areas.
Until screeners are identified that can improve on direct, face-valid questions, the NIDA
Quick Screen—which does nothing more than quickly query frequency of self-reported
use—appears to be the best approach to take. Future research should consider a broader
range of candidate items in developing screening tools; should consider traditional as well as
algorithm scoring; and should take implementation challenges into account.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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No reference standard
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——
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« Illicit drugs n = 0 _—
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No reference standard
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See Table 2 for n and percent
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for each index test-reference
standard combination

See Table 2 for n and percent
of reference standard positivity
for each index test-reference
standard combination

See Table 2 for n and percent
of reference standard positivity
for each index test-reference
standard combination

Figure 1.

Flow diagram of study comparing self-report screening instruments for detection of
substance use among pregnant women. National Institute on Drug Abuse (NIDA) drug =
single drug use screening question from NIDA Quick Screen; NIDA alc = single alcohol
use screening question from NIDA Quick Screen; NIDA Rx = single question regarding
prescription drug use for non-medical reasons, from NIDA Quick Screen; SURP-Substance
Use Risk Profile-Pregnancy; CRAFFT = acronym for five-item screener with items related

to car, relax, alone, forget, friends and trouble; WIDUS = Wayne Indirect Drug Use
Screener; 5Ps = parents, peers, partner, pregnancy, past
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