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Abstract

Objective: National guidelines advise against breastfeeding for women who use non-prescribed
substances in the third trimester. This reduces the number of women who are supported in
breastfeeding initiation despite limited evidence on the prognostic value of third trimester
substance use. We sought to examine the degree to which prenatal non-prescribed substance use is
associated with non-prescribed use postpartum.

Methods: Retrospective cohort study of pregnant women with opioid use disorder (OUD) on
methadone or buprenorphine between 2006-2015. Non-prescribed use was defined by a positive
urine drug testing (UDT). Sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated comparing three prenatal periods with postpartum UDT
results. Generalized estimating equations were used to examine the extent to which prenatal
non-prescribed use was associated with postpartum use.
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Results: Included were 545 deliveries by 503 women. Mean age was 28.3 years, 88% were
white/non-Hispanic, 93% had public insurance, and 43% received adequate prenatal care. The
predictive value of UDT’s 90 to 31 days prior to delivery, 30 to 0 days prior to delivery, and at
delivery showed low sensitivity (44, 26, 27% respectively) and PPV (36, 36, 56% respectively),
but higher NPV (80, 85, and 78% respectively), p-values all <0.05. In the final adjusted model,
only non-prescribed use at delivery was significantly associated with postpartum non-prescribed
use.

Conclusion: Non-prescribed use at delivery was most strongly associated with postpartum use
compared with earlier time periods currently prioritized in guidelines. In women with OUD
prenatal UDT results alone are insufficient to guide breastfeeding decisions.

Keywords
Toxicology; Breastfeeding; Guidelines; Pregnancy; opioid-exposed dyad

Introduction

There has been more than a fourfold increase in the number of deliveries impacted by
maternal opioid use disorder (OUD), estimated to now affect 6.5 per 1000 live births in
the United States.! Correspondingly, the rates of neonatal opioid withdrawal syndrome
(NOWS) have also increased five-fold from 1999 to 2013.2:3 Improving outcomes for
mother-infant dyads impacted by perinatal opioid use has been identified as a key focus

to improve maternal-child health in the United States.* There is strong evidence that
breastfeeding has positive effects for maternal and neonatal health, but there are specific
advantages for the opioid-exposed mother-infant dyads, including reducing the severity of
NOWS and decreasing the need for pharmacologic treatment for withdrawal.>-12 Despite
this, breastfeeding rates among women with OUD vary widely, ranging from 17-81%
across different sites in North America and in Europe.12-14 Beyond individual preferences
towards breastfeeding, a number of hospital and policy-level factors may contribute to low
breastfeeding rates among women with OUD including hospital and practice guidelines.15:16

Current recommendations from the Academy of Breastfeeding Medicine (ABM), American
College of Obstetrics and Gynecology, and American Academy of Pediatrics all support
breastfeeding in women with OUD who are consistently engaging in prenatal care, stable

in recovery, receiving substance use disorder (SUD) treatment, are not actively using
non-prescribed substances, and have no other contraindications to breastfeeding.17-1° The
World Health Organization recommends that “mothers with SUD should be encouraged to
breastfeed unless the risks clearly outweigh the benefits” and that “breastfeeding women
using alcohol or drugs should be advised and supported to cease alcohol or drug use;
however, substance use is not necessarily a contraindication to breastfeeding” but describes
the strength of the recommendation as conditional and the quality of the evidence to support
this recommendation as low.20 These recommendations were developed in response to
documented adverse events associated with maternal substance use while breastfeeding,
such as infant toxicity.2: However, the impact of non-prescribed substance use prior to
delivery on breastfeeding safety is understudied.
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Urine drug testing (UDT) is frequently used in drug treatment and office-based addiction
programs to measure adherence with medication treatment and assess for non-prescribed
use, despite known limitations, including risk of adulterated samples and frequent lack of
confirmatory testing.22 The results of these tests are used in a variety of ways to guide
post-partum decision making. For example, they are commonly requested by child protective
services as a marker for stability of recovery and risk of recurrence of use.?2:23 They are

also routinely used to guide breastfeeding recommendations prior to delivery, as a proxy for
maternal stability. The ABM guideline recommends the use of prenatal maternal UDT to
guide breastfeeding initiation, supporting clinical consideration of risk factors (not defined
in statement). They stipulate using UDT to assess non-prescribed use between 90 to 30

days before delivery prior to making a breastfeeding recommendation and recommend
against breastfeeding with any non-prescribed use within 30 days of delivery.1’-19 There
remains great heterogeneity however in how hospital practices interpret and implement
these guidelines, with a range of 1 to 12 weeks of prenatal drug testing results absent of
non-prescribed substances required to support breastfeeding, and limited evidence to support
these practices.20:24

Given the benefits to breastfeeding among opioid-exposed mother-infant dyads and the
variability in use of prenatal UDT to guide breastfeeding recommendations, we aimed to
assess the correlation between non-prescribed use on prenatal and postpartum UDT findings
as a surrogate marker for return to substance use?2:25-27 among women with OUD engaged
in a treatment program. We hypothesized that non-prescribed prenatal substance measured
by UDT would have a low sensitivity and positive predictive value of ongoing postpartum
drug use, and that UDT at time of delivery would be most strongly predictive of postpartum
use compared with UDT in the third trimester.

We studied a retrospective cohort of women that delivered at Boston Medical Center
(BMC), an urban, safety-net hospital in Boston, Massachusetts. Pregnant women at BMC
are cared for in a multidisciplinary program that provides addiction treatment, mental health
services, and obstetrical care called Project RESPECT (Recovery, Empowerment, Social
Services, Prenatal Care, Education, Community, and Treatment). Since 1999, BMC has been
designated as a Baby-Friendly institution,28 with more than 95% of non-opioid exposed
dyads initiating breastfeeding compared to only 30% of opioid exposed dyads prior to
2015.29:30 After the adoption of a more liberal breastfeeding policy at BMC in 2015, which
used a 30 day substance free cut off prior to delivery rather than 90 day, breastfeeding
initiation increased to 50%.14 We studied women who delivered between January 1, 2006
and December 31, 2015. The study period was based on when initial tracking of opioid-
exposed dyads in Project RESPECT began through to the most recent available data. Data
were collected through medical chart review and extraction from the Boston University
Clinical Data Warehouse. The institutional Review Board at the Boston University Medical
Campus reviewed and approved this study.

We included women engaged in Project RESPECT with a DSM-IV or V diagnosis of OUD.
We only included women who were receiving medication for opioid use disorder (MOUD)
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at time of delivery, defined as receiving either methadone or buprenorphine, as naltrexone
was not recommended for treatment of OUD in pregnancy during our study period. We
restricted our sample to this population, as prenatal care and addiction treatment program
involvement are criteria in the ABM breastfeeding guidelines.1” To be included in analyses,
women had to have completed at least one third trimester urine toxicology test and one
postpartum visit with a urine toxicology test, defined as a standard urine panel (testing for
barbiturates, benzodiazepines, cocaine, opiates, or oxycodone) and an expanded opioid panel
(to identify methadone and buprenorphine). The standard urine panel at BMC does not test
for tetrahydrocannabinol (THC). Additionally, testing for fentanyl was not standard of care
until the latter half of study period, but was included when available. Intermittently-observed
UDT were routinely obtained at all prenatal visits. For women who had multiple deliveries
in the study period, each unique delivery was included as toxicology testing in the prenatal
and postpartum period were felt to be unique to each pregnancy episode. Finally, women
were excluded from analyses if they had other contraindications to breastfeeding, including
HIV, Hepatitis C with cracked and bleeding nipples, or receiving other medications which
are contraindicated (e.g. chemotherapy).

The main outcome variable was any non-prescribed substance in the first six months
following delivery in postpartum women with OUD. We defined non-prescribed use as a
UDT positive for any amphetamines, barbiturates, benzodiazepines, cocaine methadone, and
opioids (including buprenorphine, fentanyl, heroin, oxycodone) as a marker for substance
use. For each positive toxicology test, we performed manual chart review to confirm that a
woman was not receiving a prescription for that substance or a known cross reactant at the
time of the urine test. For short-term prescriptions, a woman was considered to be taking
said medication starting at the time it was prescribed and ending based on the number of
pills prescribed. For recurring prescriptions, prescriptions in the same year as a pregnancy
were considered to be active medications throughout the pregnancy and postpartum period.

The primary explanatory variable was non-prescribed substance use prenatally using the
same definition described above. We examined three distinct time periods in the third
trimester: between 90 to 31 days before delivery, between 30 days before and up to
delivery hospitalization, and at the delivery hospitalization. We chose these time periods

as they are used in the 2015 ABM breastfeeding guidelines. We defined a test at delivery
hospitalization as one within four days before or after the delivery to account for prolonged
labor or inductions and testing that was obtained in the hospital before maternal discharge.
Additionally, we looked at UDT results by trimester. As with our outcome, when more
than one UDT was performed within a given period, we defined the presence of any
non-prescribed finding as evidence of non-prescribed use for that given time-period.

We also extracted data from medical charts on maternal demographics including age,
race/ethnicity, insurance type, timing of MOUD initiation (including buprenorphine, and
methadone), history of any medical or psychiatric diagnoses, psychiatric medications,
hepatitis C infection, Kessner prenatal care adequacy index,3! and number of pregnancies
within study period.
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Data were analyzed in SAS version 9.4 and R version 3.4.3. Findings were confirmed by
two independent analyses. Descriptive statistics were used to summarize the proportion
and type of non-prescribed use during the time periods outlined above. We examined the
association between participant characteristics and non-prescribed use postpartum using
Student’s t-test for continuous variables and Pearson’s Chi-squared test for categorical
variables. We constructed 2x2 tables to calculate sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) of non-prescribed use prenatally at: 90-31
days prior to delivery, 30 days prior to delivery, at the time of delivery hospitalization, and
by trimester. Chi-square tests were used to assess statistical significance of independence.
Generalized estimating equations (GEE) were used to account for women who had more
than one delivery in our study period using the GENMOD procedure. We first conducted
simple regression analyses characterizing the strength of the association between prenatal
urine toxicological results at each of the time periods described above and postpartum
toxicology results. In our multivariable model we included three mutually exclusive time
periods (90-31 days before delivery, within 30 days before delivery, and delivery) as
covariates.32 The final model was also adjusted based on factors hypothesized a priorito
be associated with non-prescribed substance use including maternal demographics, type of
MOUD, presence of medical or psychiatric diagnoses, and adequacy of prenatal care. A
p-value of <0.05 was considered statistically significant for all testing.

We performed a sensitivity analysis including a sample of 100 individuals who had been
excluded from the analysis due to a missing postpartum toxicology test. We conservatively
assumed that all had UDTs with non-prescribed findings postpartum to account for women
who may have been lost to follow up due to return to active drug use.

Figure 1 shows a schematic of the study sample. From a possible 1034 deliveries by women
treated in an integrated prenatal care and addiction treatment program, 847 had OUD and
were receiving MOUD at delivery and 545 deliveries by 503 unique women met inclusion
criteria. Table 1 summarizes the baseline demographics. The mean age was 28.3 years, most
of the participants were White/Non-Hispanic, less than half had adequate prenatal care based
on the Kessner Index, and sample was split roughly equally between buprenorphine and
methadone treatment at delivery. Compared to deliveries excluded from our cohort, those
meeting inclusion criteria were more likely to be white/non-Hispanic, be on buprenorphine
compared with methadone, have adequate prenatal care, not have Hepatitis C, and have more
post-partum visits (Supplementary Table 1). Being on psychiatric medications and having
inadequate prenatal care based on Kessner Index were associated with non-prescribed use
within 6 months following delivery (Table 1).

Women included in the cohort received 4,004 toxicology tests during the study period. Table
2 summarizes the proportion of deliveries with non-prescribed use throughout pregnancy
and in the first six months postpartum. The rate of non-prescribed use on UDTs decreased
as women progressed in their pregnancy, with the lowest rate at time of delivery. Non-
prescribed opioids were the most common cause of non-prescribed substance use during
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pregnancy and postpartum. At delivery 12.5% of the study sample had evidence of non-
prescribed substance use, 7.8% being opiates (Table 2).

Table 3 shows the sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of non-prescribed use on prenatal urine drug tests as a predictor of
non-prescribed post-partum use, with p-values all less than 0.05. At the three main time
periods tested: 90-31 days prior to delivery, 30 days to delivery hospitalization, and at
delivery, the sensitivity was less than 50% and the specificity was 74.4%, 85.2%, and 92.5%
respectively. The NPV was similar at all time points, at 80.2%, 85.2%, and 78.2% at 90-31d,
<30d, and delivery respectively. Finally, the PPV (36.3%, 35.9%, and 55.74% at 90-31d,
<30d, and delivery respectively) was lower than the NPV at all time periods. Results by first,
second, and third trimester are shown in Supplementary Table 2.

In the unadjusted model, non-prescribed use at delivery was associated with the highest
odds of non-prescribed use postpartum (odds ratio (OR) 4.51 [95% confidence interval

(CI) 2.57-7.91]) compared to other testing interval periods prior to delivery (Supplementary
Table 3). In our final multivariable model adjusting for all covariates, the aOR at delivery
was 3.72 (95% CI 1.84-7.51), compared to 1.40 (95% CI 0.73, 2.72) within 30 days of
delivery and 1.68 (95% CI 0.98, 2.90) within 90-31 days of delivery, shown in Table 4. Only
delivery hospitalization non-prescribed use was significantly associated with non-prescribed
postpartum use in the final model. Additionally, receiving methadone at delivery compared
with buprenorphine was associated with postpartum use (aOR 1.96, 95% CI 1.20, 3.22),
whereas Hepatitis C was negatively associated with postpartum use (aOR 0.97, 95% CI 0.94,
0.99).

Given demographic differences in the excluded sample comparted to the included sample
(Supplementary Table 1), we conducted a sensitivity analysis (Supplementary Table 4). In
this analysis, the NPV decreased at each time interval throughout the peripartum period
with the 91-30 days prior to delivery yielding the highest NPV. The PPV increased with the
greatest increase at delivery. There were however no significant differences in the direction
of the adjusted odds ratios in our multivariable model (Supplementary Table 5).

Discussion

We analyzed over 4000 urine drug tests from pregnant women with OUD at a single
academic center engaged in prenatal care and MOUD treatment. We found that non-
prescribed substance use, as measured by UDT, declined throughout pregnancy, with the
lowest rate at delivery, but then increased in the postpartum period. We identified that

the positive predictive value and sensitivity of prenatal UDT results to predict postpartum
use was significantly lower than the negative predictive value. This finding suggests that
while having no non-prescribed use prenatally was correlated with continued abstinence, the
corollary was less strong. For women who had a positive test within the third trimester, our
multivariable model found that non-prescribed substance use at delivery, but not between
90 and 31 or between 30 days and delivery hospitalization was statistically associated with
ongoing non-prescribed use postpartum.
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Upon initial review of these findings, we grappled with the significance of finding a poorer
correlation between prenatal and postpartum UDTSs in our 2x2 tables with a strongly
positive association between prenatal and postpartum UDTs in the simple and multivariable
regression models. We propose two key interpretations of these results. First, the unadjusted
correlation results highlight how up to two thirds of women who had evidence of non-
prescribed substance use in the third trimester did not have evidence of continued use
postpartum. Importantly, these women would have been discouraged from breastfeeding
when applying the ABM guidelines. This suggests a possible missed opportunity to promote
breastfeeding among these opioid-exposed dyads. Next, the factors that contribute to
postpartum substance use are multifactorial as identified by variables in our analysis like
the presence of mood disorders, type of MOUD treatment, adequacy of prenatal care, and
unmeasured covariates including the degree of community supports, degree of self-efficacy,
cravings, recovery capital, loss of child custody, and length of abstinence.33

That said, it is not surprising that one of the strongest predictors of future use is the history
of recent use. A strength of our multivariable model is that we were able to compare the
degree to which non-prescribed use at three mutually exclusive time periods were associated
with substance use postpartum, and we identified that only the UDTs at delivery had a
statistically significant association. These findings are discordant with current breastfeeding
guidelines, which recommends using the third trimester or non-prescribed use within 30
days of delivery be used to determine breastfeeding recommendations.

While there have been no randomized trials that have assessed the impact of encouraging,
not encouraging, discouraging, or recommending intermittent use of breastmilk on key
maternal or infant outcomes among women with opioid use disorder to date, given the
benefits of breastfeeding the risks of discouraging breastfeeding should also be weighed.34
Using a shared decision-making process with provider and patient UDT at the time of
delivery could be used to guide specific harms and benefits discussions for women who
are interested in breastfeeding. In addition to the benefits for the infant experiencing
opioid withdrawal symptoms, breastfeeding may also help women to decrease stress and
support and maintain their recovery, thereby reducing their risk of postpartum depression.3°
Additional support through enhanced lactation and home visiting programs to monitor
ongoing sobriety could allow for a greater number of opioid-exposed dyads to initiate and
successfully breastfeed.

Infant substance exposure in maternal milk, which can be estimated by the relative infant
dose (RID), is dependent on drug pharmacology, maternal exposure and metabolism, and
infant gastric absorption, metabolism, and gestational age.36 While the RID of some
substances are well understood, for example regardless of maternal dose only a small
amount of methadone or buprenorphine is transferred to breastmilk, little is known about
the RID of most illicit substances. The literature which does exist suggests that the RID is
greatest during active use and decreases as it is maternally metabolized and eliminated.36
For example, cocaine is be metabolized and eliminated 24-60hrs after exposure.36:37
Therefore, for women who are able to discontinue substance use by delivery or during

the delivery hospitalization, monitoring UDTs for clearance of substances may be useful to
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guide breastfeeding recommendations as most substances are eliminated in hours to days
rather than days to weeks from the maternal system.

It is also important to acknowledge that in our sample, about one fifth of women who

had negative toxicology tests during the third trimester and thus would be recommended

to breastfeed, had evidence of non-prescribed use postpartum. While we are unable to
determine if these women initiated or continued breastfeeding at time of these toxicology
tests, there are clear harms to breastfeeding by women with active substance use. These
include altered ability to respond to infant feeding cues secondary to maternal somnolence,
lack of adequate sleep-wake cycling, or brain changes that result in normal infant behaviors
seen as highly stressful rather than rewarding.38:39 Finally, for women who intend to
breastfeed, but have difficulty with successfully providing breastmilk to their infants due to
factors such as inability to latch or delayed milk production, it is also possible that strongly
promoting breastfeeding among women with OUD could create increased stress and hinder
postpartum stability.3° In this context, patient centered recommendations are particularly
important, including ongoing screening and assessment of parental substance use and safe
infant sleep following delivery hospitalization.

Our study has several limitations. First, just under 50% of the eligible population were
excluded based on study inclusion criteria risking selection bias, yet our findings remained
consistent in our sensitivity analysis. Next, by giving equal weight to someone with ten
positive UDTs as someone who had one positive test and nine other tests showing no
non-prescribed use, we may have overemphasized the significance of a single positive

test. However, we purposefully chose this design given this is how current breastfeeding
guidelines interpret toxicology findings. Next, by including any test within six months
postpartum for our primary outcome, we may have misclassified individuals with a negative
test immediately postpartum as no non-prescribed use who were actually later lost to follow
up due to relapse. Our study focused on opioid-exposed mother-infant dyads therefore our
findings may not be generalizable to women with other SUDs. Additionally, our study used
urine toxicological testing as a surrogate marker for non-prescribed substance use. UDT are
imperfect makers of substance use, dependent on collection time relative to the substance
exposure, properties of a given test,*C and patient collection. However, this reflects the
standard practice of the BMC program, and while susceptible to error, UDT is often used as
metric of non-prescribed use in substance use literature and clinical practice.2225-27 |_astly,
given the retrospective, observational design, residual confounding is possible. Despite these
limitations our study includes data collected over a ten-year period, is of a large cohort of
women, and captures the real-world clinical use of urine toxicology testing.

Conclusions

In a clinical sample of women engaged in prenatal care receiving treatment for opioid use
disorder, we found a limited clinical correlation between prenatal non-prescribed substance
use and postpartum use as measured by UDTSs. Our findings suggest that prenatal UDT
results alone are insufficient to support or recommend against breastfeeding. We found that
non-prescribed use at delivery had the strongest association with ongoing non-prescribed
use postpartum compared to the third trimester. UDT at the time of delivery could be
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used to guide a shared-decision making process for breastfeeding and the need for close
follow up and support for mother-infant dyads after delivery. Prospective research and
randomized controlled trials are needed to assess the value of prenatal urine toxicology
testing to guide breastfeeding recommendations. Additionally, qualitative studies are needed
to explore maternal views on breastfeeding regarding barriers, facilitators, and effects on
maternal wellbeing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1034 Deliveries to women with opioid use disorder
between 2006-2015 (by 923 unique women)

489 Deliveries excluded (by 420 unique women)

+ Medication treatment at delivery:
187 deliveries to women not on buprenorphine or methadone
treatment at delivery

e Urine Toxicology Data

h A

545 Deliveries included (by
503 unique women)

Figure 1.
Study Flow Diagram

141 deliveries to women with no third trimester urine toxicology test
153 deliveries to women with no postpartum urine toxicology test
s Contraindications to breast feeding
3 HIV positive
5 Hepatitis C positive with cracked, bleeding nipples
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