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Abstract

Background: Most clinical and epidemiologic estimates of prenatal cannabis use are based on
self-report, and the validity of self-reported cannabis use has not been examined in a large,
representative population of pregnant women. We determined the validity of self-reported prenatal
cannabis use and predictors of non-disclosure using data from Kaiser Permanente Northern
California’s (KPNC) healthcare system with universal prenatal cannabis screening during prenatal
care.

Methods: Validation study using data from 281,025 pregnancies in KPNC among females aged
>11 who completed a self-administered questionnaire on prenatal cannabis use and a cannabis
urine toxicology test from 2009-2017. We calculated sensitivity, specificity, positive predictive
value, and negative predictive value of self-reported prenatal cannabis use using urine toxicology
testing as the criterion standard, and sensitivity of urine toxicology testing using self-reported use
as the criterion standard. We compared sociodemographics of those who disclosed versus did not
disclose prenatal cannabis use.

Results: Urine toxicology testing identified more instances of prenatal cannabis use than self-
report (4.9% vs. 2.5%). Sensitivity of self-reported use was low (33.9%). Sensitivity of the
toxicology test was higher (65.8%), with greater detection of self-reported daily (83.9%) and
weekly (77.4%) than monthly or less use (54.1%). Women with a positive toxicology test who did
not disclose use were older, more likely to be Hispanic, with lower income than those who
disclosed use.
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Conclusions: Given that many women choose not to disclose prenatal cannabis use, clinicians
should educate all prenatal patients about the potential risks and advise them to quit cannabis use
during pregnancy.
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Introduction

To assess maternal use of cannabis during pregnancy, healthcare providers and researchers
often rely on patients’ self-reporting because it is more affordable and easier to implement
than analysis of drug metabolites (e.g., via testing of urine or hair) (Moeller et al., 2008).
Maternal self-report of prenatal cannabis use can provide detailed information about key
aspects of use, including frequency and mode of administration. However, pregnant women
may be reluctant to self-disclose cannabis use due to social stigma, fear of legal
consequences, and discrimination. As a result, self-reported prenatal cannabis use is thought
to be underestimated (Metz et al., 2019; Young-Wolff et al., 2017).

In order for healthcare providers and researchers to accurately estimate the prevalence and
health risks associated with maternal prenatal cannabis use, it is critical to determine the
validity of self-reported use relative to biological sampling. While there is no “gold
standard” for assessing prenatal cannabis use, urine testing is a valid and objective method
of biological sampling for drug use in research studies and healthcare settings (Moeller et
al., 2008). The cannabis metabolite, 11-nor-9-carboxy-delta 9- THC, which is tested for in
standard urine samples has a long half-life and is typically detectable in urine for 2-3 days
in persons who use occasionally, but may be detectable in urine for 30 days or longer in
persons who use more heavily (Niedbala et al., 2001). Initial results from a small study of
adult pregnant women with a history of substance use disorders indicate that sensitivity of
self-reported prenatal cannabis use compared to urine toxicology testing is low (~58%),
although somewhat higher than other types of drugs (Garg et al., 2016). Less is known about
the validity of self-reported cannabis use among pregnant women in the general population,
as data from large, generalizable samples of pregnant women are lacking.

The primary objective of this study was to determine the validity of self-reported prenatal
cannabis use by comparing it to positive urine toxicology testing for cannabis among
preghant women in a large integrated healthcare delivery system with universal screening for
prenatal cannabis use. Secondary objectives included examining differences in
sociodemographic characteristics of those who self-report versus choose not to disclose
cannabis use in pregnancy, identifying the potential for under-detection in toxicology tests
using self-reported cannabis use as the criterion standard, and determining whether
toxicology under-detection varies by self-reported frequency of use.

J Addict Med. Author manuscript; available in PMC 2021 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Young-Wolff et al.

Page 3

Materials and Methods

Study Setting and Population

Measures

Kaiser Permanente Northern California (KPNC) is a nonprofit multispecialty healthcare
delivery system serving more than 4 million diverse patients representative of the Northern
California population (Gordon, 2013, 2015; Selby et al., 2005; Terhune, 2013). Pregnant
women in KPNC are universally screened for prenatal cannabis use by both self-report (via a
self-administered questionnaire) and a urine toxicology test to which they provide written
consent. The primary study sample comprised KPNC pregnant women who were screened
for self-reported cannabis use during pregnancy between 2009 and 2017 and had a urine
toxicology test for cannabis + two weeks from the date they completed the self-reported
screening questionnaire. Screenings are typically done on the same day at the first prenatal
visit (at ~8 weeks gestation). Subsamples used for sensitivity analyses included pregnancies
with the urine toxicology test on the same day as the self-reported screening questionnaire,
and the subset of pregnancies with the self-reported screening questionnaire and urine
toxicology test at least 6 weeks after patients’ last menstrual period. The KPNC institutional
review board approved and this study with waiver of consent.

Prenatal cannabis use was based on: 1) self-reported cannabis use during pregnancy on the
self-administered screening questionnaire (none, monthly or less, weekly, daily), and 2) a
universal toxicology test for cannabis within +2 weeks of the self-administered
questionnaire. Screening tests were performed on a Beckman Coulter AU680 chemistry
analyzer using the Emit 1l Plus Cannabinoid Assay from Siemens with a cutoff of 45ng/mL.
Confirmatory testing for the presence of the cannabis metabolite, 11-nor-9-carboxy-delta 9-
THC, was performed by liquid chromatography-tandem mass spectrometry for all positive
immunoassay results. The confirmation test methodology was LC-MS/MS on a triple
quadrupole system with a cutoff for positivity of 15ng/mL.

Data on patients’ age and self-reported race/ethnicity were extracted from the electronic
health record (EHR). Median household income information was obtained from census data
based on members’ geocoded addresses and reflect members’ neighborhoods, not individual
data. We categorized this variable into quartiles.

Statistical Analysis

To validate self-reported prenatal cannabis use we computed sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) using urine toxicology results as
the criterion standard. Sensitivity was calculated as the proportion of patients with a positive
urine toxicology test for cannabis who self-reported prenatal cannabis use. Specificity was
calculated as the proportion of patients with a negative urine toxicology test who self-
reported no prenatal cannabis use. PPV was calculated as the proportion of patients who
self-reported prenatal cannabis use who had a positive urine toxicology test. NPV was
calculated as the proportion of patients who self-reported no prenatal cannabis use who had
a negative urine toxicology test. We also examined the sensitivity of urine toxicology test
results by self-reported prenatal cannabis use and use frequency.
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To determine whether results would change if the self-reported screening questionnaire was
done on the same day as the urine toxicology test, we re-ran analyses using the subset of
patients who received both screenings on the same day. In addition, because the THC
metabolite, 11-nor-9-carboxy-delta 9- THC, is detectable up to ~30 days after last use, we
re-ran analyses with the subset of patients who were screened for prenatal substance use at
least six weeks after the last menstrual period (i.e., approximately four weeks after
conception), to reduce the likelihood that the toxicology test would detect pre-conception
cannabis use.

In secondary analyses, we characterized sub-groups at risk for misclassification of self-
reported prenatal cannabis use by comparing sociodemographic characteristics of women
who chose not to disclose prenatal cannabis use but tested positive via urine toxicology (i.e.,
not identified by self-report) with those of women who self-reported prenatal cannabis use
regardless of toxicology results (i.e., identified by self-report). We tested for statistical
significance of differences by fitting multilevel logistic regression models to account for
correlation in sociodemographic characteristics of women with multiple pregnancies.
Analyses were conducted using SAS 9.4. P-values <.05 (2-sided) were considered
statistically significant.

Of 367,314 pregnancies, 1,996 (0.54%) missing data on date of last menstrual period, 1,582
(0.43%) missing data on self-reported frequency of prenatal cannabis use, 40,401 (11.0%)
missing a toxicology test, and 42,310 (11.5%) with a urine toxicology test more than +2
weeks of the self-administered questionnaire were excluded. To evaluate possible selection
bias, we compared the demographic characteristics of women who were included versus
excluded due to missing urine toxicology data or a toxicology test more than +2 weeks of
the self-administered questionnaire, and the samples were nearly identical, indicating
minimal to no selection bias (Table A.1 in the Supplement).

The final sample included 281,025 pregnancies with self-report and urine toxicology testing
data. Of those, 2.5% self-reported any prenatal cannabis use (self-reported frequency of use:
0.5% daily, 0.7% weekly, and 1.4% monthly or less) and 4.9% had a positive urine
toxicology test. Overall, 94.2% were cannabis use negative on both self-report and urine
toxicology, 3.3% were negative on self-report but positive on urine toxicology, 0.9% were
positive on self-report but negative on urine toxicology, and 1.7% were positive on both self-
report and urine toxicology. The correspondence of self-reported prenatal cannabis use
frequency and urine toxicology test results are provided in Table A.2 in the Supplement. The
median gestational age at self-reported screening was 8.9 weeks (IQR = 3.29).

We validated self-reported prenatal cannabis use using the urine toxicology test as the
criterion standard. We found that sensitivity was very low (33.9%) and the positive
predictive value of self-reported prenatal cannabis use was moderate (65.8%). The low
sensitivity indicates that among people who tested positive for cannabis on the urine
toxicology test, only 33.9% were correctly identified through self-report. Specificity (99.1%)
and negative predictive value (96.7%) were excellent (Figure 1).
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Secondary analyses found that compared to women who self-reported prenatal cannabis use
(regardless of toxicology results), those who did not self-report prenatal cannabis use but
were identified as using cannabis by toxicology testing (i.e., those who would have been
missed in healthcare systems limited to self-report) were older, more likely to be Hispanic,
and lived in neighborhoods with lower median incomes, although the differences were
minimal (Table 1).

We also found under-detection of prenatal cannabis use by toxicology tests using self-
reported use as the criterion standard. Overall, approximately two-thirds of pregnancies with
self-reported prenatal cannabis use were identified by the toxicology test (sensitivity =
65.8%) (Figure 2). To examine whether under-detection by toxicology varied by use
frequency, we computed the sensitivity of the urine toxicology by self-reported frequency of
prenatal cannabis use (Figure 2). We found greater detection of cannabis use by toxicology
testing among women who self-reported more frequent prenatal cannabis use (daily =
83.9%, weekly = 77.4%, monthly or less = 54.1%).

Results from sensitivity analyses limiting the sample to women with the screening
questionnaire and toxicology test done at least six weeks after their last menstrual period,
women with the questionnaire and toxicology test done on the same day, and women with
the questionnaire and toxicology test done on the same day and at least six weeks after their
last menstrual period were nearly identical (Table A.3 in the Supplement).

Discussion

Results from this large, representative population of pregnant women screened for cannabis
use as part of standard prenatal care indicated that the prevalence of prenatal cannabis use
was twice as high via urine toxicology testing (4.9%) as by self-report (2.5%). Among
women who screened positive for prenatal cannabis use, more than half (56%) were detected
by toxicology testing only, 15% were detected by self-report only, and 29% were detected by
both methods. The higher prevalence of prenatal cannabis use by biological sampling
relative to self-report is consistent with smaller studies that assessed prenatal cannabis use
with urine toxicology and umbilical cord testing (Garg et al., 2016; Metz et al., 2019;
Young-Wolff et al., 2017).

In our sample, the self-reported screening questionnaire correctly identified only 34% of
those who had a positive urine toxicology test. Thus, about two-thirds of women who tested
positive for prenatal cannabis use by toxicology testing (66%) would be misclassified as not
using based on self-reported data alone. Conversely, the high specificity of self-reported
cannabis use suggests that self-reporting no use of cannabis was confirmed by negative
toxicology tests in most cases. It is important to note that this study took place while
cannabis was legal for medical but not for recreational use in California, and it is unknown
how legalization for recreational use in 2018 may impact the sensitivity of self-reported
cannabis use during pregnancy.

Although urine toxicology tests were more sensitive than self-reported cannabis use, we also
found under-detection of prenatal cannabis use by urine toxicology tests, likely because
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THC metabolites had already cleared the system. A positive toxicology test correctly
identified two-thirds of those who self-reported any prenatal cannabis use, with one-third of
women who self-reported use misclassified as not using based on urine toxicology data only.
Notably, similar to other smaller studies of biological sampling (Gryczynski et al., 2014;
Metz et al., 2019), the urine toxicology test was more likely to correctly identify those who
self-reported daily (84%) or weekly (77%) cannabis use versus monthly or less (54%)
cannabis use. Conversely, 16% of women who self-reported daily cannabis use, 23% of
those who self-reported weekly cannabis use, and 46% of those who self-reported monthly
or less use were not identified by urine toxicology tests. These results are important and
indicate that maternal urine toxicology tests are not sensitive in detecting infrequent or light
use of cannabis during pregnancy. Other methods of biological sampling such as meconium
or umbilical cord homogenate may be more accurate, as they detect cannabis use over a
longer period of time. However, given evidence that the potency of cannabis products and
the frequency of prenatal cannabis use has increased in recent years (EISohly et al., 2016;
Young-Wolff et al., in press), urine toxicology tests may be increasingly sensitive in
detecting cannabis use during pregnancy. Taken together, results indicate that neither method
of screening is perfect and suggest that a combination of maternal self-report and
biochemically verified methods of cannabis detection will likely provide the most accurate
estimates of prenatal cannabis use (Konijnenberg, 2015).

Notably, there were significant socio-demographic differences in non-disclosure of prenatal
cannabis use: older women, those of Hispanic race/ethnicity, and those with lower median
neighborhood incomes were most likely to be misclassified as not using cannabis by self-
reported screening. While additional research is needed to understand the factors underlying
these differences in willingness to disclose, results suggest that existing estimates of self-
reported prenatal cannabis use may be more accurate for certain demographic groups,
perhaps due to differences in actual or perceived discrimination, social desirability bias, or
general willingness to disclose sensitive information to healthcare providers. Results from
future studies may be helpful to better understand which groups of pregnant patients may be
more likely to underreport prenatal cannabis use in research studies and healthcare settings
limited to self-reported screening.

Obstetric healthcare providers are well-suited to screen pregnant women for substance use
and provide linkages and referrals for substance use counseling. In KPNC, the substance use
screening and intervention program, Early Start, is available within obstetrics/gynecology
clinics at no cost to pregnant women as part of standard prenatal care (Armstrong et al.,
2001). Clinicians in California are not required to alert child protective services or law
enforcement agencies when a woman uses substances during pregnancy (National
Committee for Quality Assurance, 2018). For these reasons, the healthcare system can
universally screen for prenatal cannabis use in a way that is confidential, supportive and non-
penalizing, thus increasing receipt of effective and readily available treatment resources. In
many states, substance use during pregnancy is considered grounds for child welfare
involvement after birth which can lead to termination of parental rights (Child Welfare
Information Gateway, 2016), and sensitivity of self-reported prenatal use may be
understandably lower in places with less supportive policies. Thus, universal testing for
prenatal cannabis use by urine toxicology tests may not be indicated in states with punitive
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laws due to the potential for unintended public health consequences (e.g., if women who use
cannabis choose not to seek or continue with prenatal care) (Roberts and Pies, 2011).
Regardless, all healthcare systems should provide universal health education about the
potential risks of prenatal cannabis use and advise pregnant women to avoid prenatal
cannabis use, as recommended by national guidelines (2017).

This study is limited to pregnant patients in California screened for prenatal cannabis use
during standard KPNC prenatal care and results may not be generalizable to other healthcare
settings, uninsured populations, or states with different laws regarding prenatal substance
use. Our measure of median neighborhood household income was based on census data and
may not reflect women of child bearing age. Our self-reported measure of prenatal cannabis
use at the first prenatal visit does not differentiate whether use during pregnancy occurred
before versus after women learned they were pregnant. The validity of self-reported prenatal
cannabis use may change over the course of pregnancy, as many women may have quit use
in pregnancy after they realized they were pregnant, and most pregnant women quit using by
the third trimester (Forray et al., 2015). Some women could accurately report no prenatal
cannabis use but still have positive urine toxicology test results if the drug is still in their
system from use prior to conception. However, results from sensitivity analyses that limited
the sample to those screened at least 6 weeks after their last menstrual period were very
similar, increasing our confidence in study findings.

Patients without a urine toxicology test were excluded from this study which could lead to
selection bias. However, because the toxicology tests are part of the standard initial panel of
prenatal lab tests ordered for all patients, the provider does not choose who gets a toxicology
test and therefore we expect no provider bias. Missing urine toxicology data could be due to
a variety of factors, including that the patient declined to give urine or never went to the lab,
system issues such as the lab didn’t run the analysis or the urine sample was insufficient (in
cases where the patient does not give enough urine, other tests are prioritized before the
toxicology test), or if patients transferred from another health plan and therefore the KPNC
initial labs were not done. Our analyses indicated minimal to no selection bias, suggesting
that the sample of women included was generally representative of the population of all
KPNC pregnant women, with minimal differences in demographic characteristics of those
excluded due to missing urine toxicology test data.

Conclusions

Results from this study indicate that sensitivity of self-reported prenatal cannabis use during
prenatal care is low and misclassification of use by self-report may vary with
sociodemographic characteristics. Sensitivity of the urine toxicology test is higher, with
greater detection of self-reported daily and weekly use versus monthly or less use. Results
provide useful information to inform healthcare providers and researchers who are limited to
maternal self-report of prenatal cannabis use. Given that many women chose not to disclose
prenatal cannabis use in healthcare settings, it is important that clinicians educate all patients
of reproductive age about the potential risks of prenatal cannabis use and advise prenatal
patients to avoid using cannabis during pregnancy.
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Figure 1.

Validity of Self-Reported Prenatal Cannabis Use Versus Urine Toxicology Results Among
281,025 Pregnancies in Kaiser Permanente Northern California, 2009-2017

Notes. The sample included women screened for prenatal cannabis use by self-report with a
urine toxicology test within + two weeks. Sensitivity was calculated as the proportion of
patients with a positive urine toxicology test for cannabis who self-reported prenatal
cannabis use. Specificity was calculated as the proportion of patients with a negative urine
toxicology test who self-reported no prenatal cannabis use. Positive predictive value was
calculated as the proportion of patients who self-reported prenatal cannabis use who had a
positive urine toxicology test. Negative predictive value was calculated as the proportion of
patients who self-reported no prenatal cannabis use who had a negative urine toxicology test.
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Figure 2.

Sensitivity of the Urine Toxicology Test in Detecting Self-Reported Frequency of Prenatal
Cannabis Use Among 281,025 Pregnancies in Kaiser Permanente Northern California,
2009-2017

Notes. The sample included women screened for prenatal cannabis use by self-report with a
urine toxicology test within + two weeks. Any prenatal cannabis use includes daily, weekly
and monthly or less prenatal cannabis use. Sensitivity was calculated as the proportion of
patients who self-reported prenatal cannabis use (any, daily, weekly, monthly or less) who
had a positive toxicology test.
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Table 1.

Sociodemographic Characteristics Among 16,316 Pregnancies in Kaiser Permanente Northern California That
Screened Positive for Any Prenatal Cannabis Use, By Self-Report, 2009-2017

Not Idegtified asUsing Cannabisby Self- | 4opified as Us ng Cannabis by Self-Reportb
Report N = 7,147 (43.8%)
N= 9,169 (56.2%)
N (%) N (%) pvalued
Age <0.0001
<18 277 (3.0) 335 (4.7)
18-24 3,504 (38.2) 2,961 (41.4)
25-34 4,361 (47.6) 3,118 (43.6)
235 1,027 (11.2) 733 (10.3)
Race <0.0001
White 3,193 (34.8) 2,592 (36.3)
Black 1,835 (20.0) 1,463 (20.5)
Hispanic 2,935 (32.0) 1,979 (27.7)
Asian 194 (2.1) 247 (3.5)
Other 1,012 (11.0) 866 (12.1)
Median Neighborhood Household | ncome® 0.0155
<$52,442 3,731 (40.7) 2,783 (38.9)
$52,442-<$71,585 2,444 (26.7) 1,859 (26.0)
$71,585-<$94,083 1,775 (19.4) 1,447 (20.3)
2$94,083 1,205 (13.1) 1,034 (14.5)

Notes.
C’]\Nomen who do not self-report cannabis use but have a positive toxicology test;
b, . . " . .
Women who self-report cannabis use and have either a positive or negative toxicology test.
c T . .
38 women were missing income information.

P-value calculated using multi-level logistic regression to account for the correlation of women included in the dataset more than once due to
multiple pregnancies during the study time period.
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