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Abstract
OBJECTIVE—To report on the development of a questionnaire to screen for hazardous
substance use in pregnant women and to compare the performance of the questionnaire with other
drug and alcohol measures.

METHODS—Pregnant women were administered a modified TWEAK (Tolerance, Worried, Eye-
openers, Amnesia, K[C] Cut Down) questionnaire, the 4Ps Plus questionnaire, items from the
Addiction Severity Index, and two questions about domestic violence (N=2,684). The sample was
divided into “training” (n=1,610) and “validation” (n=1,074) subsamples. We applied recursive
partitioning class analysis to the responses from individuals in the training subsample that resulted
in a three-item Substance Use Risk Profile-Pregnancy scale. We examined sensitivity, specificity,
and the fit of logistic regression models in the validation subsample to compare the performance
of the Substance Use Risk Profile-Pregnancy scale with the modified TWEAK and various scoring
algorithms of the 4Ps.

RESULTS—The Substance Use Risk Profile-Pregnancy scale is comprised of three informative
questions that can be scored for high- or low-risk populations. The Substance Use Risk Profile-
Pregnancy scale algorithm for low-risk populations was mostly highly predictive of substance use
in the validation subsample (Akaike’s Information Criterion=579.75, Nagelkerke R2=0.27) with
high sensitivity (91%) and adequate specificity (67%). The high-risk algorithm had lower
sensitivity (57%) but higher specificity (88%).

CONCLUSION—The Substance Use Risk Profile-Pregnancy scale is simple and flexible with
good sensitivity and specificity. The Substance Use Risk Profile-Pregnancy scale can potentially
detect a range of substances that may be abused. Clinicians need to further assess women with a
positive screen to identify those who require treatment for alcohol or illicit substance use in
pregnancy.

Studies of pregnant women find that approximately 5% use illicit drugs, whereas 15% drink
alcohol during pregnancy.1,2 Serious and life-threatening complications such as maternal
cardiac dysrhythmias, placental abruption, and uterine rupture can occur with cocaine and
other stimulant abuse, whereas withdrawal from alcohol or sedatives can lead to maternal
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hypertension and seizures.3,4 The potential outcomes for offspring are also a concern and
range from intrauterine growth restriction and preterm birth to spontaneous abortion and
fetal death.5 Accordingly, the American College of Obstetricians and Gynecologists
recommends screening pregnant women for alcohol and illicit substances.6 Unfortunately,
there are few screening instruments that have been evaluated for use in pregnant women and
most are designed to screen for alcohol misuse. The T-ACE (Tolerance, Annoyance, Cut
Down, Eye Opener)7 and TWEAK (Tolerance, Worried, Eye-openers, Amnesia, K[C] Cut
Down)8 are two screening questionnaires that have performed acceptably in pregnant
women9 but are limited to risky alcohol use. The 4Ps10 and 4Ps plus11,12 screen for a range
of substances and can detect pregnant women with lower levels of alcohol or drug use.
However, they have low to moderate specificity; thus, many women will screen positive but
not have problems with drugs or alcohol. The goals of this study were to 1) use a large
screening database to derive a clinically useful screening assessment tool for hazardous
substance use; and 2) compare the performance of this screener with the 4Ps and 4Ps Plus
and the TWEAK modified for drugs and alcohol.

METHOD
Between 2005 and 2009, pregnant women who presented for obstetric care at three hospital-
based reproductive health clinics were screened for misuse of hazardous substances. The
screening questionnaire was designed to determine possible eligibility for a study of on-site
treatment services for hazardous substance use in pregnancy, referral to community care, or
both of these. Trained research assistants obtained verbal and written informed consent
before screening. It required approximately 10 minutes for participants to complete the self-
report form. The Yale School of Medicine and Bridgeport Hospital human subjects boards
approved the study procedures.

The screening questionnaire was administered as a single self-report survey and included
two questions on domestic violence as well as questions from the Addiction Severity
Index13 the 4Ps Plus,10–12 and the TWEAK,8 which was modified to ask about drugs as well
as alcohol. A summary of questions asked can be found in Box 1. The modified TWEAK
was scored as recommended for the TWEAK.8 The 4Ps was scored in two different ways
according to algorithms in the 200511 and 200712 articles by Chasnoff et al. As in the 2005
article, women were deemed 1) low risk if they never used alcohol; 2) average risk if they
had used alcohol in the past but consumed no alcohol and smoked fewer than three
cigarettes in the month before pregnancy; and 3) high risk if they consumed any alcohol or
smoked at least three cigarettes in the month before pregnancy. In the 2007 article, women
who endorsed any alcohol or cigarette use in the month before pregnancy were classified as
positive.

Box 1

Screening Questionnaire Content*

1. a. Ever smoked nicotine cigarettes?

b. Number of cigarettes smoked in month before knowing about
pregnancy

2. a. Ever drunk alcohol?

b. Number of alcoholic drinks consumed in month before knowing about
pregnancy

3. Ever smoked marijuana?
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4. Ever used cocaine?

5. Ever used sedatives, tranquilizers, sleeping pills, or other?

6. Ever used heroin?

7. Do you currently live with anyone who uses:

Alcohol

Nicotine cigarettes

Marijuana

Cocaine

Heroin

8. Have parents ever had problem with drugs or alcohol?

9. Does partner have problem with drugs or alcohol?

10. Number of drinks or hits or lines needed to feel effect?

11. In the past year, did friends or family worry or complain about drinking or drug
use?

12. Do you drink or use drugs in the morning?

13. Ever been told about things you said or did while drinking or using drugs that
you could not remember?

14. Ever felt the need to cut down on alcohol or drug use?

15. Hurt by someone in the home?

16. Feel safe at home?

*Answers are yes or no unless otherwise specified.

Data in items 1a, 2a, and 3–7 are from the Addiction Severity Index.13 Data in items 1b,
2a–b, 8, and 9 are from the 4Ps Plus.11 Data in items 10–14 are from the TWEAK
(Tolerance, Worried, Eye-openers, Amnesia, K[C] Cut Down).

We randomly divided our cohort (N=2,684) into a “training” sample (n=1,610) to derive our
measure and a “validation” sample (n=1,074) to test the new screening measure. The gold
standard used to designate drug or alcohol misuse was patient self-report of use of a
substance in the last 30 days. Although self-report has obvious limitations, we found high
agreement between self-report and urine drug tests in previous work (Yonkers K, Howell H,
Gotman N, Rounsaville B. Self-report of illicit substance use versus urine toxicology results
from at-risk pregnant women. J Subst Abuse. In press).

To construct the new screening measure, we applied recursive partitioning class analysis to
the 22 screening items in the training sample (n=1,610). Recursive partitioning class
analysis is a nonparametric method based on stepwise splitting of a sample into subgroups
that maximally differ on the desired outcome.14 The sample is initially split into two to three
subgroups (called nodes) by finding the predictor and the cut point on that predictor (for
continuous variables) that maximize differences between groups. This process is repeated
for each resulting node until the split produces subgroups that do not differ significantly on
the outcome or until group sizes are too small to further split. We used a minimum node size
of 50, or 3% of the sample, which is consistent with other studies.15 The analysis resulted in

Yonkers et al. Page 3

Obstet Gynecol. Author manuscript; available in PMC 2011 May 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



a set of terminal nodes and a “tree” that was used to construct the Substance Use Risk
Profile-Pregnancy scale screeners for low- and high-risk populations.

We conducted a series of logistic regression analyses on the validation sample (n=1,064) to
compare the ability of the following instruments to predict past-30-day self-reported use of
drugs or alcohol: 1) the 4Ps Plus and its published scoring algorithms; 2) the modified
TWEAK; and 3) Substance Use Risk Profile-Pregnancy scale results for high- and low-risk
populations. Each model used self-report of drug or alcohol use as the dependent variable.
We assessed model fit using the Akaike Information Criterion16 and the amount of unique
variability accounted for using Nagelkerke R2.17 Lower values of Akaike’s Information
Criterion indicate better model fit, whereas higher values of Nagelkerke R2 indicate a higher
amount of explained variability. We also calculated simple sensitivity and specificity, with
associated 95% confidence intervals, for each screening measure. Finally, we assessed
ability of the Substance Use Risk Profile-Pregnancy scale to predict use of individual
substances. Sensitivity and specificity are presented as well as P values for Fisher’s exact
test. SPSS AnswerTree 3.1 software was used for recursive partitioning; SAS 9.1.3 was used
for other analyses.

RESULTS
The demographic characteristics and substance use history of the 2,684 pregnant women
who were screened are shown in Table 1. In the past 30 days, 6% used alcohol, 6% used
marijuana, 1% used cocaine, 1% used sedatives, and less than 1% used heroin. Twelve
percent of women sampled used at least one of these substances in the past month. There
were no statistically significant differences between the training and validation subsamples.

The results of the recursive partitioning class analysis are shown in Figure 1. Within each
node, the proportion of past month alcohol or drug use is shown. The analysis resulted in
five terminal nodes (nodes 3, 4, 6, 7, and 8) with three questions required to identify node
membership. These questions and the pattern of conditional responses constitute the
Substance Use Risk Profile-Pregnancy scale.

We categorized nodes as low, medium, or high risk based on the proportion of women
within each node who used alcohol or drugs in the past month. Proportions of 0–5% were
deemed low risk, 6–20% as medium risk, and 21% or greater as high risk. A simple formula
for risk categorization is presented in Box 2. Negative responses for all items yields a low-
risk individual, one affirmative response yields a moderate risk individual, and two or three
affirmative responses yield a high-risk individual. For low-risk populations, we recommend
classifying moderate-and high-risk women as positive. For high-risk populations, we
recommend classifying only high-risk women as positive.

Box 2

Items and Scoring for the Substance Use Risk Profile-Pregnancy

Items

In the month before you knew you were pregnant, how many beers, how much wine, or
how much liquor did you drink?

Have you ever felt that you needed to cut down on your drug or alcohol use?

Scoring

Classify the number of alcoholic drinks before pregnancy as none compared with any.
Count the number of affirmative items.
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0=low risk

1=moderate risk

2–3=high risk

In low-risk populations, one or more affirmative items indicate a positive screen,
whereas, in high-risk populations, two or more affirmative items indicate a positive
screen.

Table 2 presents estimates of the ability of the TWEAK, 4Ps, and the Substance Use Risk
Profile-Pregnancy scale screener to predict past month alcohol or drug use in the validation
subsample (n=1,074). The Substance Use Risk Profile-Pregnancy scale for low-risk
populations provided the best model fit (Akaike’s Information Criterion=579.75) and
accounted for the most variance (R2=0.27). The sensitivity was excellent at 91%, whereas
the specificity was adequate at 67%. The Substance Use Risk Profile-Pregnancy scale for
high-risk populations had lower sensitivity (57%) but higher specificity (88%).

The sensitivity, specificity, and general association of the Substance Use Risk Profile-
Pregnancy scale for drug abuse categories (alcohol, marijuana, cocaine, sedatives, opioids)
can be seen in Table 3. The association between Substance Use Risk Profile-Pregnancy
scale classification and substance endorsement was statistically significant (P≤.02) in all
cases except for endorsement of opioids using the algorithm for low-risk populations, in
which it was marginally significant (P=.06). The Substance Use Risk Profile-Pregnancy
scale performs nearly as well for detecting other substance use as it does for alcohol or
marijuana, although questions about use of other drugs are not among the three questions in
the screener.

DISCUSSION
Our results showed that the Substance Use Risk Profile-Pregnancy scale is a brief, flexible,
and effective screening tool for alcohol and illicit substance use in pregnancy. It identified
individuals at high risk of cocaine, sedative, and opioid use, although questions about
consumption of these substances are not included in the instrument. Of the screeners
administered in this study, the Substance Use Risk Profile-Pregnancy scale method was
most predictive of alcohol and illicit drug use. For low-risk populations, it had good
sensitivity, whereas the Substance Use Risk Profile-Pregnancy scale for high-risk
populations had good specificity. This flexibility in the algorithm is an advantage of the
Substance Use Risk Profile-Pregnancy scale, but this also illustrates the tension between
sensitivity and specificity that is inherent among many screening and case finding scales.18

The algorithm for low-risk populations is useful if sensitivity is of paramount concern,
whereas specificity may be more important if the potential consequences of false-positive
results are risky or lead to expensive testing. False-positive designation of substance use
status is an important consideration because substance use in pregnancy may have legal
ramifications.19 For example, 15 states regard substance use during pregnancy to be child
abuse and information about substance use can be applied to terminate parental rights. In 14
states, health-care professionals are mandated to report suspected prenatal drug exposure. To
this end, screening results should always be followed with more careful and complete
assessment.

Consistent with other work, our findings showed that Chasnoff’s 4Ps11 and 4Ps plus12 had
moderate to excellent sensitivity (81–95%) for detection of alcohol or illicit substance use in
pregnancy but modest specificity (69–45%). The modified TWEAK had lower sensitivity
(63%) and higher specificity (86%). However, estimates for sensitivity and specificity may
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vary according to the populations assessed as shown by Chasnoff et al,10 who found
substantial differences cross-nationally. Additionally, the patterns of drug use and abuse
change over time and can influence drug use.

There are a number of limitations to our report. One is that our “gold standard” was self-
report of substance use rather than a biologic measure such as a urine or hair toxicology test.
It is worth noting that our estimate for prior month hazardous substance use is in line with
results from the National Survey of Drug Use and Health.20 Moreover, a recent study that
evaluated pregnant women’s perspectives on screening for alcohol and drugs found that
although women have concerns over the consequences of their drug use disclosure, mainly
involvement of child protective services, they were not averse to reporting alcohol use in
pregnancy.21 This is consistent with other data from our group in which we found that the
agreement between urine drug screens and self-report for marijuana and cocaine was 0.74
and 0.79, respectively, in the preceding 28 days (Yonkers K et al, in press). Although urine
tests are often considered the gold standard, they have limitations in the detection window
and are not useful for alcohol. Similarly, hair testing, although improved lately, is limited by
type of hair, use of hair products, processing of the hair, and the difficulty of collecting hair
in large samples of women.22,23

Although the Substance Use Risk Profile-Pregnancy scale was derived in one subsample and
evaluated in another, the similarity of these groups was a limitation to this study. The
instrument may be influenced by factors that are unique to that group. For example, the top
two substances of choice in our population were alcohol and marijuana. Accordingly, a
screening instrument that asks about marijuana and alcohol use would be expected to
perform well. However, we also showed that these questions detected women at high risk
for use of a variety of other drugs and that a question about marijuana identifies general risk
of alcohol and drug use. Marijuana use continues to be relatively common among young
women,1,2 including those who are pregnant,24 and thus our population may not differ
substantially from others with regard to this factor. Still, our population may differ from
others in a number of other respects. Our cohort was derived from an inner-city hospital
clinic and was predominantly African American and Hispanic. Accordingly, the Substance
Use Risk Profile-Pregnancy scale will need to be tested on other groups of pregnant women
to determine generalizability. Finally, we only considered substance use data from the prior
30 days, and therefore our results do not extrapolate to substance use throughout pregnancy.

Despite the limitations of our study, it has several strengths. To develop the Substance Use
Risk Profile-Pregnancy scale, we used several questionnaires that allowed selection of the
most diverse, informative questions while eliminating the redundancy within each
instrument. The items in the screening were taken from established instruments used in
addictions research or were clinically relevant to the issue of substance misuse (eg, domestic
violence). The cohort under study was large (N=2,684) and diverse. The Substance Use Risk
Profile-Pregnancy scale contains only three items, and scoring is very simple. This is
particularly useful because busy clinicians do not have time to administer separate
questionnaires that would screen for a variety of substances individually. Given the brevity
of the screener, it can be readministered on multiple occasions with minimal burden to the
patient or the clinician. Given the high risk of relapse during the postpartum period for
women with a history of hazardous substance use,2,25 readministration of the Substance Use
Risk Profile-Pregnancy scale in the several months after delivery may be useful. However,
future research will need to clarify the incremental benefit of rescreening. As well, it would
be of great scientific benefit to determine whether the use of this or other screening
instruments leads to increased substance use treatment and more favorable maternal and
child health.
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Fig. 1.
Classification tree for assessing a woman’s likelihood of using alcohol or drugs during
pregnancy. Round text boxes, decision nodes; rectangular text boxes, end nodes.
Yonkers. Screening for Prenatal Substance Use. Obstet Gynecol 2010.
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Table 1

Sample Characteristics and Association of Pregnant Women in the Training and Validation Subsets

Characteristic Total (N=2,684) Training (n=1,610) Validation (n=1,074) P*

Age (y) .36

 Younger than 20 532 (20) 312 (19) 220 (21)

 20–34 1,969 (73) 1,196 (74) 773 (72)

 35 or older 182 (7) 102 (6) 80 (7)

Race/ethnicity .52

 African American 1,039 (39) 644 (40) 395 (37)

 White 352 (13) 209 (13) 142 (14)

 Hispanic 1,102 (42) 651 (41) 451 (43)

 Other 159 (6) 93 (6) 66 (6)

Education .68

 Less than high school 846 (32) 497 (31) 349 (33)

 High school 1,114 (42) 670 (42) 444 (42)

 Some college 521 (19) 323 (20) 198 (19)

 College 193 (7) 114 (7) 79 (7)

Gestational age (wk) .53

 1–10 633 (24) 368 (23) 265 (25)

 11–28 1,602 (60) 973 (61) 629 (59)

 29 or more 421 (16) 252 (16) 169 (16)

Gravida .35

 1 838 (31) 487 (30) 351 (33)

 2 702 (26) 433 (27) 269 (25)

 3 or more 1,133 (42) 682 (43) 451 (42)

Parity .74

 0 1,105 (41) 656 (41) 449 (42)

 1 795 (30) 485 (30) 310 (29)

 2 or more 769 (29) 457 (29) 312 (29)

Past-30-d use of

 Alcohol 174 (6) 114 (7) 60 (6) .13

 Marijuana 158 (6) 102 (6) 56 (5) .24

  Cocaine 37 (1) 27 (2) 10 (1) .13

 Sedatives/benzodiazepines 31 (1) 15 (1) 16 (1) .20

 Heroin 13 (<1) 10 (1) 3 (<1) .27

 Any of the above 321 (12) 207 (13) 114 (11) .09

Data are n (%) unless otherwise specified.

*
Fisher’s exact test.

Obstet Gynecol. Author manuscript; available in PMC 2011 May 27.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Yonkers et al. Page 11

Table 2

Model Fit Characteristics and Sensitivity and Specificity With Associated 95% Confidence Intervals for
Various Screening Instruments in Predicting Past-30-Day Alcohol or Drug Use in the Validation Sample
(n=1,074)

Instrument Akaike’s Information Criterion Nagelkerke R Sensitivity (%)(95% CI) Specificity (%)(95% CI)

TWEAK 610.69 0.22 63 (54–72) 86 (83–88)

4Ps (2007) 625.77 0.19 82 (73–88) 68 (65–71)

4Ps (2005; moderate=positive) 647.25 0.15 95 (89–98) 45 (42–48)

4Ps (2005; moderate=negative) 625.10 0.19 81 (72–87) 69 (66–72)

Substance Use Risk Profile-
Pregnancy (for low-risk
populations)

579.75 0.27 91 (84–96) 67 (64–70)

Substance Use Risk Profile-
Pregnancy (for high-risk
populations)*

616.93 0.20 57 (47–66) 88 (86–90)

CI, confidence interval; TWEAK, tolerance, worried, eye-openers, amnesia, K[C] cut down.

*
The validation cohort is low-risk. Sensitivity and specificity may vary in a high-risk sample.
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