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OBJECTIVE: To examine the effect of the COVID-19 pandemic on maternal substance abuse and neonatal outcomes.
STUDY DESIGN: Cross-sectional observational study of neonates admitted to the NICU and born to mothers with evidence of
substance abuse pre-pandemic compared to during the COVID-19 pandemic.
RESULT: We noted a significant increase in fentanyl (12% vs. 0.6%, p < 0.001) and tobacco use (64% vs. 33%, p < 0.001) during the
pandemic compared to pre-pandemic, including an increase in fentanyl use among mothers enrolled in opioid maintenance
therapy (OMT) during the pandemic (32.3% vs. 1.5%, p < 0.001). There was a significant increase in preterm births (58% vs. 48%,
p= 0.022) and lower birth weight (2315 ± 815 vs. 2455 ± 861 g, p= 0.049) during pandemic.
CONCLUSION: There was a significant increase in maternal fentanyl use during the pandemic, even with OMT enrollment, with an
increase in preterm births and lower birth weights among infants born to mothers with substance use.
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INTRODUCTION
The COVID-19 pandemic changed access to global maternity care
with a noted reduction in antenatal care services utilized [1] even
with the introduction and availability of telemedicine [2]. Occurring
in parallel to the COVID-19 pandemic was the increasing incidence
of opioid use/abuse. Since 2013, the United States has seen an
increase in synthetic opioid-related deaths [3] with a significant rise
during the COVID-19 pandemic [4].
With the ongoing COVID-19 and concomitant opioid pandemics,

pregnant women with opioid use disorder (OUD) were a particularly
vulnerable population. In addition to facing challenges with accessing
routine and specialized care, they also experienced an increasing
number of stressors (concerns with becoming infected and ill with
COVID-19, employment, finances, social isolation, etc.), leading to
higher rates of depression and anxiety [5–9]. While there is emerging
literature regarding substance use during the COVID-19 pandemic in
pregnant women, there is little to no literature discussing changes in
neonatal outcomes in relation to maternal substance use, specifically
opioid use, before versus during the COVID-19 pandemic.
The primary purposes of the current study were to: (1) evaluate

the impact of COVID-19 on maternal substance use by comparing
the two time periods (two years prior to the pandemic compared
to two years into the pandemic) and (2) examine the effects of the
suspected increase in maternal substance use, in particular opioid
use, on neonatal outcomes.

SUBJECTS AND METHODS
This is a cross-sectional observational study at a level III neonatal intensive
care unit (NICU) at Regional One Health (ROH) hospital in Memphis,

Tennessee. ROH is a regional tertiary perinatal center and provides services
to high-risk pregnancy and low-income mothers. This study was dual
approved by the Institutional Review Board (IRB) of the University of
Tennessee Health Science Center (UTHSC) and hospital IRB. The current
data are abstracted from an ongoing observational study of maternal
substance use (Study title: “Maternal Prescription, Illicit or Recreational
Substance Use and Infant Outcomes—An Observational Study”). Informed
consent was waived with IRB approval.

Study population
Mothers and their respective infants were included if there was a positive
active or recent history of maternal substance use during the concurrent
pregnancy. Maternal substance use was recorded by self-reported drug
use or presence of positive results on maternal urine drug screen (recent or
on admission), neonatal urine drug screen, or neonatal umbilical cord drug
screen. Specifically, “substance use” referred to the use of amphetamine,
cocaine, heroin, tobacco, marijuana, alcohol, other opioids, or benzodia-
zepines. We compared cohorts from before the start of the COVID-19
pandemic (those admitted from January 2018 to December 2019) and
during the COVID-19 pandemic (those admitted from January 2020 to April
2021). Per institutional NICU guidelines, all newborns with evidence of
prenatal opioid exposure, whether through onset of withdrawal symptoms
or based on maternal history and/or urine drug screen, are admitted to
NICU for observation for neonatal opioid withdrawal syndrome (NOWS) for
5–7 days or longer duration if treatment for withdrawal was needed. In
2007, our NICU developed internal guidelines for the management of
NOWS, and no changes to the guidelines were made during the study
period. A recent practice for infants born to mothers with OUD encourages
the “Eat, Sleep, Console” method, breastfeeding, and rooming-in to allow
mothers to bond with their infants, reduce pharmacological intervention,
and decrease duration of hospital stay [10]. However, since we were
not equipped to monitor maternal drug use during the infant’s stay, no
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rooming-in was provided. Instead, we encouraged parents and immediate
designated family members to visit and stay with the infant as long and as
often as their lifestyle allowed [11]. At the time of the study, institution
guidelines utilized the modified Finnegan scoring (mFS) method for
evaluation of infants [12]. There was no change in method of NOWS
observation or treatment guidelines during the study period.

Outcomes and variables
The primary outcome measures were prevalence of maternal substance
use and associated neonatal outcomes, including gestational age and birth
weight, during the first two years of the COVID-19 pandemic compared to
two years prior to the COVID-19 pandemic. Our secondary outcomes were
changes in maternal substance use, specifically fentanyl, and correlation of
its use with other substances as well as associated neonatal outcomes.
Mothers with OUD were identified and information on maternal opioid
maintenance therapy (OMT) was collected, including the therapy used
(methadone or buprenorphine) and duration of treatment at time of
delivery. Data were also collected on maternal and infant demographics,
diagnosis and pharmacological treatment of NOWS, discharge weight, and
length of stay.

Statistical analysis
The patients were first stratified by when they gave birth: prior to the
COVID-19 pandemic versus during the COVID-19 pandemic. Data were
summarized as mean and standard deviation (SD) or count and
percentage. Normally distributed continuous variables were compared
between the two periods using a one-way ANOVA, and categorical

variables were compared using the Fisher’s Exact test. A subset was
created for fentanyl positive patients and the analysis was repeated.
A p-value ≤0.05 was considered statistically significant. All analyses were
conducted in R version 3.6.0 (2020-02-29).

RESULTS
We identified 330 mother-infant dyads pre-pandemic and 240
mother-infant dyads during the pandemic who met inclusion
criteria. Maternal demographics are shown in Table 1.
Method of detection for substance use, prevalence of maternal

OMT, and infant demographics and outcomes are reported in
Table 2. Figure 1 compares types of maternal substance use from
pre-pandemic to during the COVID-19 pandemic. There was a
significant increase in fentanyl (12.2% vs. 0.6%, p < 0.001) and
tobacco use (63.5% vs. 33.4%, p < 0.001) during the pandemic
compared to pre-pandemic. Fewer mothers were actively enrolled
in OMT during pandemic (14% vs. 20%, p= 0.08). There was a
significant increase in fentanyl use among pregnant women
enrolled in OMT during the pandemic compared to pre-pandemic
[32.3% (11/34) vs. 1.5% (1/66), p < 0.001]. Though there were
similar mean gestational ages, the incidence of preterm birth (58%
vs. 48%, p= 0.02) was significantly higher during the pandemic.
Incidence of NOWS was similar during the pandemic compared to
pre-pandemic.

Table 1. Maternal demographics.

Pre-pandemic N= 330 During pandemic N= 240 P value

Mean maternal age, years 28.5 ± 5.5 28.2 ± 5.5 0.60

Highest reported education level, n (%) 0.72

Less than high school 111 (35) 87 (38)

High school degree 164 (51) 114 (50)

Some college or post-graduate 46 (14) 29 (13)

No prenatal care, n (%) 75 (23) 53 (22) 0.92

Maternal employment, n (%) 52 (16) 43 (18) 0.17

Caesarean delivery, n (%) 143 (43) 120 (50) 0.21

Results reported as mean ± SD or count/number n (%).

Table 2. Maternal substance use and infant outcomes.

Pre-pandemic N= 330 During pandemic N= 240 P value

Substance use, n (%)

Maternal self-reported use 281 (85) 216 (90) 0.10

Maternal UDSb 268 (90) 185 (90) 0.88

Infant UDSb 144 (54) 100 (50) 0.40

UCDSc 247 (88) 186 (92) 0.18

Opioid maintenance therapy, n (%) 66 (20) 34 (14) 0.08

Mean gestational age, weeks 35.4 ± 4.0 35.0 ± 4.0 0.25

Premature birth, n (%) 159 (48) 139 (58) 0.02

Male sex, n (%) 163 (49) 115 (52) 0.73

Median APGAR scores [IQRa]

1 minute 8 [6–8] 8 [6–9] 0.84

5minutes 9 [8,9] 9 [8,9] 0.92

Mean length of stay, days 19.6 ± 21.8 20.9 ± 28.3 0.51

Mean birth weight, grams 2455.4 ± 860.8 2314.8 ± 815.3 0.05

Mean discharge weight, grams 2748.2 ± 772.8 2665.4 ± 804.9 0.22

NOWSd diagnosis, n (%) 52 (16) 48 (20) 0.22

Results reported as mean ± SD, count/number n (%), or median [IQR]. aIQR interquartile range, bUDS urine drug screen, cUCDS umbilical cord drug screen,
dNOWS neonatal opioid withdrawal syndrome.
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Out of those who met initial inclusion criteria, there were 2
mother-infant dyads pre-pandemic and 29 mother-infant dyads
during the pandemic who were further stratified into a fentanyl
cohort. Maternal demographics, method of detection for substance
use, and use of OMT for the fentanyl cohort can be found in
Supplemental Table 1. Mean gestational ages were 34.0 ± 1.4 and
35.6 ± 3.0 (p= 0.48) and mean birth weights were 2520.0 ± 42.4
grams and 2454.4 ± 694.6 grams (p= 0.90) for pre-pandemic and
during the pandemic, respectively. When looking at co-substance
use, there was a significant increase in tobacco use within the
fentanyl cohort (96.6% vs. 0%, p < 0.001) during the pandemic
compared to pre-pandemic.

DISCUSSION
Effect of COVID-19 on maternal substance use
One of the aims of this study was to look at changes in maternal
substance use, with a focus on fentanyl use, during the COVID-19
pandemic. We did not find any statistically significant changes in
cannabis, amphetamine, cocaine, and alcohol use among our
patient population. Our results differ slightly from those found in
literature but are also difficult to compare because of varying target
populations as well as differences in local laws regarding specific
substances (such as cannabis use). Young-Wolff et al. found a 25%
increase in prenatal cannabis use during the pandemic in California
where cannabis retailers are legal and regulated, though there was
no statistically significant increase in rates before and during the
pandemic [13]. Other studies have looked at substance use in
relation to depression/anxiety or COVID-19 related stress, while we
simply looked at substance use over time and did not specifically
correlate our results to mental health. One study of Canadian
pregnant women did find an increase in cannabis and tobacco use
that was related COVID-19 stress, and that the substance use was
more frequent in participants with financial struggles, loss of
employment, or stress about receiving poor prenatal care [9]. Smith
et al. identified that elevated stress and depressive symptoms was
associated with an increase in number of substances used during
the COVID-19 pandemic [14].
While we did not note a significant increase in other substances,

we did observe a significant increase of fentanyl use during
pregnancy, which is in line with national data on synthetic opioid

use and overdose. According to the Centers for Disease Control
and Prevention (CDC), more than 93,000 people died from drug
overdoses in the US in 2020, nearly a 30% increase from 2019.
Opioids accounted for approximately 75% of all overdose deaths
in 2020 [15], with synthetic opioids (primarily fentanyl) acting as
the main culprit with a six-fold increase from 2015 to 2020 [16, 17].
Given the concomitant opioid pandemic, it is difficult to elucidate
whether the increase we noted in fentanyl use was in relation to
the COVID-19 pandemic or whether it would have followed its
current trajectory regardless. However, it is still important to note
these trends to screen pregnant women for substance use
disorders and provide adequate care, including enrollment in
OMT in cases of opioid use disorder.

Effect of COVID-19 on prenatal care and OMT
The COVID-19 pandemic brought on many changes and stressors,
including housing instability, financial strains, self-isolation,
anxiety over health and well-being, and access to maternal health
care. Telehealth use for obstetric patients was rapidly implemen-
ted especially in early stages of the pandemic [18, 19], including
for the treatment of opioid use disorder [20]. Studies show that
pregnant women with OUD are less likely to engage in prenatal
care [21] and are at higher risk for adverse pregnancy outcomes
[22]. Although not statistically significant, we did note relatively
lower rates of reported enrollment in OMT during the pandemic
despite similar rates of general prenatal care. In fact, Lensch et al.
noted 33% fewer clinics accepting pregnant women for OUD
treatment during the pandemic [23]. We did not differentiate
whether our decreased enrollment was due to inability to find a
treatment facility that was accepting patients, disinterest in OMT,
or if it was not offered. There is also some concern that the
transition from in-person to virtual therapies may have impacted
attendance. McKiever et al. saw nearly a three-fold decrease in
group therapy attendance rates with the shift to telehealth, as well
as a trend of up-titration of OMT doses due to cravings [24].
Importantly, while we did not see a significant decrease in OMT

enrollment, there was a statistically significant increase in fentanyl
users among not only the pandemic cohort but also among those
who were enrolled in OMT. Researchers found that use of fentanyl
increased by 108% in a study of opioid agonist treatment patients
in Canada [25]. Treatment of OUD with opioid agonists combined

 
* p < 0.001 

Fig. 1 Comparison of maternal substance use pre-pandemic versus during the pandemic. Bars are represented as the prevalence of the
specific substance used out of mothers identified with overall substance use for that time period. * indicates statistical significance with p < 0.001.
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with behavioral therapy has been shown to reduce the misuse of
opioids, prevent withdrawal symptoms, decrease risk of fatal and
nonfatal overdose, and is associated with overall improved
maternal and infant outcomes [26–28]. With this trend of
increasing fentanyl use, there is an increased likelihood of adverse
maternal and infant outcomes. It also presents the question of
whether there is a gap or deficiency in current opioid
maintenance therapy, or whether the increased rates are due to
individual intent or related to stress and anxiety. Further studies
should be performed to observe the cause-and-effect of this
increase in fentanyl use despite OMT.

Effect of maternal substance use on neonatal outcomes
Our study is the first to report infant outcomes related to
substance use during the COVID-19 pandemic compared to pre-
pandemic. We found there was a significantly higher incidence
of preterm birth during the COVID-19 pandemic, which differs
from that reported in literature. Given the numerous potential
variables and retrospective nature of this study, it is difficult to
determine whether the preterm birth rate was due to maternal
stress, illness, or overall health; specific drug use; or other
factors. However, when looking at literature, studies show a
decrease in preterm birth rates during the pandemic [29, 30]. In
a study looking at association of preterm birth rate during the
2020 stay-at-home order in our state, they reported significantly
lower rates compared to previous years [31]. Other studies
demonstrated a decrease in preterm birth that was primarily
driven by decline in Caesarean sections of induced deliveries
[32]. Meanwhile, we had a significant increase in preterm birth
rate with a statistically insignificant increase in number of
Caesarean sections. It is unclear why our data differs from that
reported in literature. One of the contributing factors may be
that our regional center serves a high-risk, low-income, and
inner-city population, which was shown to have overall poorer
health outcomes and higher economic challenges during the
pandemic.
Interestingly, when looking at the fentanyl cohorts, we did not

note a significant difference in incidence of NOWS or preterm
birth rate. We did see a decrease in birth weight though it was
not found to be statistically significant. One of our study
limitations was the small pre-pandemic fentanyl cohort (n= 2),
which limited our data analysis when evaluating association of
fentanyl use in our patient population with perinatal outcomes
such as prematurity and birth weight. However, both preterm
birth and low birth weight are well documented in literature
with being associated with opioid [33, 34] and tobacco [35, 36]
use during pregnancy, and use of both were observed to be
increased during the pandemic. It is also well-established that
fentanyl is associated with onset of withdrawal symptoms
[37, 38]. There are new synthetic opioids and fentanyl analogues
being illicitly manufactured and distributed which may not
be routinely detected without specialized toxicology testing
[39–41]. In areas of high use, practitioners should consider
screening for specific toxicology. With the emergence of these
drugs and variability in potency, the uncertainty of the impact
on fetal and neonatal outcomes is a concern and should be
something that we continue to monitor.
Our study did not include overdose-related deaths or perinatal

mortality from maternal substance use because we were looking
at live-born infants. However, in the U.S., there were over 90,000
drug overdose deaths in 2020, the majority of which were opioid-
related [42]. Even most benzodiazepine overdose deaths involved
opioids, with 66.7% involving fentanyl [43]. Fentanyl was present
in more than 85% of all overdose deaths during the COVID-19
pandemic [44]. It is crucial for the well-being of mother and infant
that there be readily available access to standard prenatal care as
well as specialized care such as OMT to prevent or minimize the
occurrence of adverse outcomes.

Patrick et al. presented several suggestions regarding the
public health response to opioid use in pregnancy by improving
education and increasing availability of treatment services,
rather than a punitive approach [45]. Given that opioid agonist
therapy in conjunction with behavioral therapy have been
shown to be associated with improved maternal and infant
outcomes, it would be prudent to increase public health funding
towards multidisciplinary programs where women with OUD can
receive generalized and specialized obstetric care, oversight of
their OMT, as well as psychosocial and mental health treatment.
There are currently only 19 states that have drug treatment
programs specifically targeted to those who are pregnant [46].
Additionally, treatment centers that do offer these types of
specific services are typically located in urban areas, so
additional efforts should be made to educate providers in rural
areas on management of OUD in pregnancy. Studies have
shown that pregnant women with OUD may avoid seeking care
due to fear of being reported and having their child taken away
[21]. Yet, literature also suggests that pregnancy can be a
motivator for women with OUD to seek treatment [47]. We
should capitalize on this motive rather than create more barriers
which is what happens with the incarceration and criminal
prosecution of mother. The de-criminalization of substance use
in pregnancy could be a significant measure that would
encourage women to engage in prenatal care and OMT.

Limitations and next steps
There are several limitations to this study. This was a single-center
study, and we have a high-risk, low-income population. As
previously mentioned, when analyzing the fentanyl cohorts, we
were limited by our small pre-pandemic sample size. Additionally,
risk of neonatal outcomes in relation to the increase in fentanyl
use needs to be further investigated, especially with respect to
incidence of NOWS. We plan to further stratify data to look at
preterm versus term data in relation to maternal substance use. At
this time, we do not have any neonatal neurodevelopmental or
neuroimaging data, but this is an ongoing study, and we are
planning to look at this data and report it in near future.

CONCLUSIONS
In our study, we reported the increasing incidence of fentanyl and
tobacco use during pregnancy during the COVID-19 pandemic
compared to two years prior to the pandemic. There was a
significant increase in fentanyl use among mothers enrolled in
OMT. We also identified a significantly lower birth weight and
increase in preterm birth rate during the COVID-19 pandemic,
though not specifically related to fentanyl use. Our study is the
first to report infant outcomes related to substance use during the
COVID-19 pandemic compared to pre-pandemic. As the opioid
pandemic continues, it will be important to continue monitoring
its impact on neonatal outcomes as well as long-term neurode-
velopmental effects.

DATA AVAILABILITY
The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.
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