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Objectives. To estimate trends in incidence, outcomes, and costs among hospital

deliveries related to amphetamines and opioids.

Methods. We analyzed 2004-to-2015 data from the National Inpatient Sample, a

nationally representative sample of hospital discharges in the United States compiled by

the Healthcare Cost and Utilization Project, by using a repeated cross-sectional design.

We estimated the incidence of hospital deliveries related to maternal amphetamine or

opioid use with weighted logistic regression. We measured clinical outcomes and costs

with weighted multivariable logistic regression and generalized linear models.

Results. Amphetamine- and opioid-related deliveries increased disproportionately

across rural comparedwithurban counties in3of 4 census regionsbetween2008 to2009

and 2014 to 2015. By 2014 to 2015, amphetamine usewas identified among approximately

1% of deliveries in the rural West, which was higher than the opioid-use incidence in most

regions. Compared with opioid-related and other hospital deliveries, amphetamine-related

deliveries were associated with higher incidence of preeclampsia, preterm delivery, and

severe maternal morbidity and mortality.

Conclusions. Increasing incidence of amphetamine and opioid use among delivering

women and associated adverse gestational outcomes indicate that amphetamine and

opioid use affecting birth represent worsening public health crises. (Am J Public Health.

2019;109:148–154. doi:10.2105/AJPH.2018.304771)

See also Patrick, p. 22.

Opioid use in pregnancy has increased
substantially over the past decade in the

United States, particularly in rural counties.1–3

Opioid use during pregnancy is associated with
adverse neonatal outcomes, including neonatal
abstinence syndrome, which accounted for $3
billion in hospital costs between 2004 and 2014.3

Although the literature on neonatal morbidity
associated with opioid use in pregnancy is sub-
stantial,4,5 less is known about other types of
substance use during pregnancy. Among preg-
nantwomen,amphetamineuse is the third-most-
common reason for seeking substance use
treatment after opioid and cannabis use,6 yet
national and regional estimates of amphetamine
use in pregnancy have not been characterized
since 2004.7 Similar to opioid use, there is evi-

dence that amphetamine-related stimulants are

associated with adverse gestational outcomes,

including a small increased risk for congenital
cardiac malformations,8 preeclampsia,9,10 and
preterm birth.9–11 These effects are hypothesized
to result from impairedplacental functionbecause
of the vasoconstrictive effects of stimulants.9

Increasing rates of substance use disorders
may, in part, contribute to rising rates of

severe maternal morbidity and mortality in
the United States.12,13 Severe maternal
morbidity and mortality is defined as a life-
threatening diagnosis or the need to undergo
a lifesaving procedure during a delivery
hospitalization.14 Severe maternal morbidity
is a proximate measure of maternal mortality
and encompasses a broad range of serious
maternal health complications that, without
prevention and treatment, could lead to
maternal death. To date, however, there are
limited data on severe maternal morbidities
that may be occurring among amphetamine-
and opioid-related pregnancies.

We sought to provide updated national
incidence data on maternal amphetamine and
opioid use and determine whether incidence
varied across US census regions or by rural
compared with urban residence. Furthermore,
we aimed to characterize clinical outcomes and
delivery-related health care utilization and
costs among deliveries related to amphetamine
or opioid use. We hypothesized that am-
phetamine use in pregnancy has increased,
paralleling trends identified in the general adult
population.15 In addition, we hypothesized
that deliveries related to amphetamine or
opioid use are associated with increased in-
cidence of several adverse gestational out-
comes, including severe maternal morbidity
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and mortality and higher hospital costs,
compared with deliveries not related to
amphetamine or opioid use.

METHODS
We conducted a retrospective, repeat

cross-sectional analysis using 2004–2015 data
from the National Inpatient Sample, a na-
tionally representative sample of hospital
discharges in the United States compiled by
the Healthcare Cost and Utilization Project
(HCUP) of the Agency for Healthcare Re-
search and Quality.16 All analyses comply
with the methodological standards outlined
for working with data from the National
Inpatient Sample.17

Sample
The sample consisted of all hospital de-

liveries occurring between 2004 and 2015,
which were identified by using a published
algorithm that incorporates International
Classification of Disease, 9th Edition, Clinical
Modification (ICD-9-CM) diagnosis codes for
hospital deliveries, diagnosis-related group
delivery codes, and ICD-9-CM codes for
select delivery-related procedures.18 We
identified maternal amphetamine use dis-
orders by using ICD-9-CM codes for am-
phetamine dependence or abuse and
poisoning (304.40–304.43, 305.70–305.73,
969.72). Hospitalizations were defined as
amphetamine-related if a diagnosis code for
amphetamine dependence or abuse or poi-
soning by amphetamines was listed in any
diagnosis field. Although diagnostic codes do
not discriminate between methamphetamine
and nonmedical use of prescription am-
phetamines, the most recent data available
reveal that the majority (94%) of individuals
with amphetamine use disorders seek care for
methamphetamine-related use.19 Additional
substance use categories, including opioid use,
were defined by using ICD-9-CM coding
schemes developed by HCUP.20

We described a number of characteristics in
our sample, including age, payer, race/eth-
nicity, income quartile of patient’s zip code,
hospital census region, and other types of
co-occurring substance use. We defined lo-
cation of residence as rural or urban by using
the National Center for Health Statistics

Classification and Urban Influence Codes.21

We grouped payment sources into public
insurance (Medicaid and Medicare), private
insurance, and uninsured or self-pay. Given
that less than 0.6% of the delivery hospitali-
zations were funded by Medicare, public
sources are referred to as Medicaid throughout
the study.Mean number of chronic conditions
were described as computed by HCUP by
number of Clinical Classification Software
categories identified in each record.22 We
identified attention-deficit hyperactivity dis-
order, the most common diagnosis for which
amphetamines are prescribed, by using ICD-
9-CM codes 314.00 and 314.01.

Outcome Measures
Incidence of amphetamine-related and

opioid-related hospitalizations. We estimated
trends in the number of delivery hospitali-
zations with codes for maternal amphetamine
and opioid use for each 2-year period.

Clinical outcomes, health care utilization, and
health care costs. We compared clinical out-
comes across 3 populations: all deliveries with
ICD-9-CM codes for maternal amphetamine
use, all deliveries with ICD-9-CM codes for
maternal opioid use, and all other hospital
deliveries. Use of both substances was identi-
fied in approximately 0.03% (weighted n=
2255/total n= 7 611 192) of deliveries and
were not analyzed separately because estimates
were imprecise because of low frequency.
Clinical outcomes of interest included pre-
eclampsia, placental abruption, preterm de-
livery, cesarean delivery, and severe maternal
morbidity andmortality.Weabstractedvariables
for clinical conditions of interest with relevant
ICD-9-CM codes: preeclampsia (642.4x,
642.5x, 642.6x, 642.7x), placental abruption
(641.2x), preterm delivery (644.21), and cesar-
ean delivery (740.x, 741.x, 742.x, 744.x, 749.9).
Severe maternal morbidity and mortality were
identified by using standardized diagnosis and
procedure codes outlined byCenters forDisease
Control and Prevention.23 The algorithm in-
cludes 25 indicators of end-organ dysfunction
such as renal failure, shock, embolism, eclampsia,
and mechanical ventilation.

Next, we compared rates of hospital
transfer, length of stay, and per-capita hospital
costs across the 3 groups. We used delivery-
associated hospital charges to calculate
cost with HCUP’s cost-to-charge ratio

files.24 We inflation-adjusted cost estimates
to 2015 dollars.25

Data Analysis
Characteristics and incidence of

amphetamine-related and opioid-related
hospitalizations. We first obtained weighted
frequencies to describe characteristics across
each population of interest in the 2 most
recent years of data. We then estimated the
incidence of hospital deliveries complicated
by amphetamine or opioid use with weighted
logistic regression and predictive margins.
Subgroup analyses were stratified first by rural
compared with urban residence and then by
census region with models that interacted
rural versus urban residence with time.

Clinical outcomes, health care utilization, and
health care costs. We measured clinical out-
comes of interest, including preeclampsia,
placental abruption, preterm delivery at less
than 37 weeks, cesarean delivery, and severe
maternal morbidity and mortality by using
weighted multivariable logistic regression
with predictive margins across deliveries re-
lated to amphetamine use, opioid use, and
other hospital deliveries. We then compared
the incidence of the 10 most frequent mor-
bidities in the overall sample across the 3
groups by using similar models. We pooled
data across the 2 most recent years of available
data for these analyses.

We then used generalized linear models
with a g distribution and log-link function and
predictive margins to estimate mean length of
stay and hospital costs given that these data
were not normally distributed (Shapiro–Wilk
test; P< .001 for each).26 We performed
subgroup analyses by mode of delivery.

We adjusted all models for age, primary
insurance payer, median household income
for the patient’s zip code, rural comparedwith
urban residence, and census region.

We conducted all analyses with Stata ver-
sion 14.2 (StataCorp, College Station, TX).
We pooled data into 2-year periods to increase
the precision of our estimates. All results are
weighted, unless otherwise noted, to allow for
nationally representative inferences and to
account for changes in the National Inpatient
Sample sampling strategy in 2012. In 2015,
ICD-9-CM diagnosis codes were only avail-
able for the first 3 quarters. We adjusted the
survey weights in 2015 to generate annualized
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estimates from the first 3 quarters of data. The
number of observationswithmissing values for
the covariates included in our adjusted models
was approximately 2% of all delivery hospi-
talizations, which was considered sufficient for
analysis. We considered 2-sided P< .05 to be
statistically significant.

RESULTS
The study sample consisted of an estimated

47 164 263 (unweighted n= 9 638 262) de-
liveries occurring nationally between 2004
and 2015. There were an estimated 82 254
(0.17%; 95% confidence interval [CI] = 0.16,

0.19) delivery hospitalizations that included 1
or more diagnoses identifying amphetamine
use and 170 164 (0.36%; 95%CI= 0.34, 0.38)
delivery hospitalizations that included 1 or
more diagnoses identifying opioid use.
Higher proportions of patients in both sub-
stance use groups had Medicaid as their pri-
mary payer, resided in rural counties, and
lived in zip codes in the poorest national
income quartile comparedwith other hospital
deliveries (Table 1). Both substance use
groups also had higher proportions of non-
HispanicWhite patients comparedwith other
hospital deliveries, although non-Hispanic
White mothers comprised a larger pro-
portion of deliveries complicated by opioid

(79.3%; 95%CI = 77.3, 81.1) comparedwith
amphetamine use (56.4%; 95% CI = 54.1,
58.7). Comorbid tobacco use was notably
common across both groups and identified
among approximately half of deliveries
complicated by amphetamine or opioid use
(46.0%; 95% CI = 43.9, 48.0, and 55.2%;
95%CI = 53.8, 56.5, respectively) compared
with 5.6% (95% CI = 5.4, 5.8) among
other hospital deliveries. Similarly, cannabis,
cocaine, alcohol, and sedative use were
identified at significantly higher inci-
dence among deliveries complicated by
amphetamine use or opioid use compared
with other hospital deliveries.

TABLE 1—Characteristics of Delivering Women With Amphetamine and Opioid Use: National Inpatient Sample, United States, 2014–2015

Characteristic Amphetamine Use (n = 18 050) Opioid Use (n = 50 011) Other Hospital Deliveries (n = 7 545 380)

Age, y, weighted mean (95% CI) 27.9 (27.7, 28.1) 27.8 (27.7, 27.9) 28.4 (28.3, 28.5)

Insurance payer, weighted % (95% CI)

Medicaid 80.4 (78.7, 82.0) 81.4 (80.2, 82.4) 43.3 (42.5, 44.1)

Private 10.8 (9.5, 12.3) 14.7 (13.8, 15.6) 51.3 (50.5, 52.2)

Uninsured 8.8 (7.8, 9.9) 4.0 (3.4, 4.7) 5.4 (5.2, 5.7)

Income: bottom quartile,a weighted % (95% CI) 39.3 (36.8, 41.8) 37.1 (35.4, 38.9) 28.3 (27.5, 29.2)

Residence: rural, weighted % (95% CI) 21.5 (19.7, 23.5) 21.7 (20.1, 23.4) 13.3 (12.7, 13.9)

Hospital region, weighted % (95% CI)

Northeast 1.2 (0.91, 1.5) 24.1 (21.7, 26.7) 16.0 (14.9, 17.2)

Midwest 15.0 (13.3, 16.9) 22.0 (19.7, 24.5) 21.3 (20.1, 22.5)

South 22.0 (20.1, 24.0) 37.8 (35.0, 40.7) 38.7 (37.1, 40.3)

West 61.9 (59.2, 64.5) 16.0 (14.2, 18.0) 24.1 (22.8, 25.4)

Race/ethnicity, weighted % (95% CI)

Non-Hispanic White 56.4 (54.1, 58.7) 79.3 (77.3, 81.1) 49.7 (48.8, 50.7)

Non-Hispanic Black 6.0 (5.1, 6.9) 5.0 (4.5, 5.7) 13.7 (13.1, 14.2)

Hispanic 20.1 (18.2, 22.1) 6.2 (5.3, 7.3) 19.5 (18.6, 20.3)

Asian or Pacific Islander 2.3 (1.7, 3.2) 0.51 (0.31, 0.86) 5.5 (5.1, 5.9)

Native American 4.3 (3.4, 5.4) 1.4 (1.1, 1.8) 0.66 (0.60, 0.73)

Other 2.3 (1.7, 3.0) 1.6 (1.3, 2.0) 4.4 (4.1, 4.6)

Missing 8.7 (7.2, 10.5) 6.0 (4.6, 7.9) 6.7 (6.0, 7.4)

No. of chronic conditions, weighted mean (95% CI) 2.1 (2.1, 2.2) 2.2 (2.1, 2.2) 0.64 (0.62, 0.65)

Attention-deficit hyperactivity disorder, weighted % (95% CI) 1.3 (0.95, 1.8) 1.9 (1.6, 2.2) 0.29 (0.28, 0.31)

Other substance use, weighted % (95% CI)

Tobacco 46.0 (43.9, 48.0) 55.2 (53.8, 56.5) 5.1 (5.0, 5.3)

Cannabis 26.4 (24.8, 28.1) 10.4 (9.6, 11.1) 0.87 (0.83, 0.91)

Opioids 12.6 (11.4, 13.9) NA NA

Amphetamines NA 4.5 (4.1, 5.0) NA

Cocaine 4.2 (3.5, 5.1) 5.2 (4.7, 5.8) 0.11 (0.10, 0.12)

Alcohol 5.1 (4.3, 5.9) 1.9 (1.6, 2.2) 0.10 (0.095, 0.11)

Sedatives 2.1 (1.6, 2.7) 2.4 (2.1, 2.7) 0.017 (0.015, 0.019)

Note. CI = confidence interval; NA =not applicable. The sample size was n = 7611 192.
aRepresents patients living in a zip code with a median household income in the bottom national income quartile.
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Amphetamine-related deliveries reached a
nadir in 2008 to 2009 (1.2; 95% CI=1.0, 1.3)
per 1000hospital deliveries) and then increased
to its highest level of 2.4 (95% CI=2.2, 2.5)
per 1000 hospital deliveries by 2014 to 2015
(Figure 1). Opioid-related deliveries increased
from 1.5 (95% CI=1.3, 1.8) to 6.5 (95%
CI= 6.2, 6.9) per 1000 delivery hospitaliza-
tions between 2004 to 2005 and 2014 to 2015.
Maternal amphetamine use disproportionately
affected rural comparedwith urban counties in
the West, Midwest, and South between 2008
to 2009 and 2014 to 2015 (Figure 2). The
highest incidence of amphetamine-related
deliveries in 2014 to2015was in the ruralWest
(11.2 [95% CI=9.5, 13.0] per 1000 hospital
deliveries). Opioid-related deliveries were
identified at higher rates in rural compared
withurban counties in 3 of the 4 census regions
between 2004 to 2005 and 2014 to 2015:
Northeast, South, andWest. By 2014 to 2015,
the highest incidence of opioid-related de-
liveries was in the rural Northeast (28.7 [95%
CI= 24.9, 32.5] per 1000 hospital deliveries).

Antenatal diagnoses of preeclampsia and
placental abruption were identified among
higher proportions of amphetamine-related
compared with opioid-related and other

hospital deliveries (Table 2). Among amphe-
tamine-related deliveries, the incidence of
preeclampsia was approximately 2 times higher
than opioid-related and other hospital de-
liveries. Compared with opioid-related and
other deliveries, amphetamine-related de-
liveries were also associated with higher in-
cidence of preterm delivery (amphetamine:
16.7% [95% CI=15.3, 18.0]; opioid: 12.6
[95%CI=11.9, 13.4]; other hospital deliveries:
5.8% [95% CI=5.7, 5.9]) and severe maternal
morbidity and mortality (amphetamine:
3.8% [95% CI=3.1, 4.4]; opioid: 2.4%
[95% CI=2.1, 2.7]; other hospital deliveries:
1.6% [95% CI=1.6, 1.7]).

With the exception of heart failure among
opioid-related deliveries, each of the 10 specific
severe maternal morbidities we examined oc-
curred more frequently among amphetamine-
and opioid-related deliveries compared with
other hospital deliveries (Table A, available as a
supplement to the online version of this article
at http://www.ajph.org). Compared with
opioid-related deliveries, amphetamine-related
deliveries were associated with higher incidence
of blood transfusion, heart failure or arrest
during a surgery or procedure, and eclampsia.
Adult respiratory distress syndrome was the

third-most-common morbidity among
amphetamine- and opioid-related deliveries
and the sixth-most-common morbidity among
other hospital deliveries.

Amphetamine and opioid-related de-
liveries were also associated with greater
mean costs compared with other deliveries.
These associations were consistent across
mode of delivery (vaginal compared with
cesarean). Costs were not significantly dif-
ferent between amphetamine- and opioid-
related deliveries.

DISCUSSION
Both amphetamine- and opioid-related

deliveries are increasingly common among
women in the United States. The trends in
delivery hospitalizations related to amphet-
amines identified in this study correspondwith
national data that suggest declining use among
the general population in the mid-2000s
followed by increasing incidence starting
in 2008 to 2009.15 Similar to trends in
the general population, the incidence of
amphetamine-related delivery hospitalizations
was the highest in the West and in rural
counties across most census regions. Our
findings reveal that by 2014 to 2015, maternal
opioid use complicated nearly 3% of all de-
livery hospitalizations in the rural Northeast.
Amphetamine- and opioid-related deliveries
were both associatedwithworse outcomes and
higher costs compared with other deliveries.
Compared with opioid-related deliveries,
amphetamine-related deliveries were associated
with higher levels of preterm delivery, com-
posite severe maternal morbidity and mortality,
and several individual indicators of severe ma-
ternal morbidity. In addition, we corroborate
previous evidence of increased incidence of
preeclampsia and placental abruption among
amphetamine-related deliveries. These data
highlight maternal amphetamine use as an
emergingpublic health concern anddeepenour
understanding of the impact onmaternal health
of both amphetamines and opioids.

Previous studies described increased odds of
several in-hospital maternal morbidities and
mortality among delivering women with
opioid use disorders.12 Maternal mortality re-
view committees have also recently described
rising rates of maternal deaths from opioid use
disorder.27,28 To our knowledge, no previous
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FIGURE 1—National Trends in Amphetamine and Opioid Use Among Delivering Women:
National Inpatient Sample, United States, 2004–2015
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studies have reported the association between
maternal diagnoses of amphetamine-related,
in-hospital, severe maternal morbidity and
mortality. Furthermore, we found the risk of
severe maternal morbidity and mortality oc-
curring amongmotherswith amphetamine use
was 1.6 times the rate of severe maternal
morbidity and mortality occurring among
mothers with opioid use. These data un-
derscore the need for the maternal health
community to direct attention not only toward
opioids but also toward the use of amphet-
amines in the perinatal period.

There are several possible explanations for
the adverse outcomes we identified among
amphetamine- and opioid-related deliveries.
First, outcomes could be related to the di-
rect effects of amphetamines or opioids. For
example, the vasoconstrictive effects of

amphetamines are thought to impair placental
function, resulting in higher risk for complications
related to placental function such as preeclampsia
and placental abruption.9 Second, substance use is
associated with later prenatal care and fewer
prenatal appointments, which reduces the po-
tential health benefits of such care.29,30 Third,
unplanned pregnancy, comorbid health condi-
tions, or comorbid use of other medications or
substances could contribute to the higher levels of
morbidity identified in the present study. Finally,
stressors associated with substance use disorders—
particularly untreated substance use disorders—
such as high-risk sexual behaviors, physical and
sexual abuse, and unstable home environments,
may also have an impact on pregnancy outcomes.

Regardless, early universal screening, brief
intervention (engaging the patient in a short
conversation, providing feedback and advice),

and referral to treatment is effective in im-
proving maternal and infant outcomes among
pregnant women with substance use.29 There
are some challenges, however, in imple-
menting this model. First, access to treatment
for pregnant women with addiction is often
inadequate, particularly in rural areas.31,32 A
recent wave of legislation penalizing pregnant
women for substance use during pregnancy,
which experts cite as ineffective and detri-
mental to maternal and child health,29,33 has
had a disproportionate impact on women in
rural areas,34 where the burdens of amphet-
amine andopioiduse are the highest.Although
cessation of methamphetamine use before
delivery has been associated with improved
birth outcomes, including gestational age at
birth,35 evidence-based pharmacologic treat-
ment options for amphetamine use are lacking.
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Understanding how to best promote cessation
among amphetamine-using women should be
a priority for policy and clinical initiatives.

Limitations
These findings should be interpreted

with consideration of the limitations of our
data source and study design. Despite rec-
ommendations for universal screening, not
all pregnant patients are screened for sub-
stance use, and patients who are screened
may be reluctant to disclose substance use.
In addition, identification of these condi-
tions is based on diagnosis codes, which
may underrepresent true incidence. As
such, our point estimates are likely to be
conservative. We are also unable to dis-
tinguish between categories of amphet-
amine use, such as methamphetamine-
specific use, because of limitations in ICD-
9-CM coding. Given the retrospective
nature of the study, we were unable to
account for the dose–response relationship
between amphetamine or opioid exposure
and perinatal outcomes or the temporal
relationship between last use and delivery.
Lastly, within categories of substance use,
we were unable to assess differences in

outcomes among treated and untreated
substance use disorders.

Public Health Implications
Although the opioid epidemic continues to

escalate, policymakers and providers can le-
verage our early identification of rising am-
phetamine use during pregnancy to stem an
additional drug epidemic. Similar to the opioid
epidemic, a thoughtful response to amphet-
amine use will require a public health ap-
proach.33Key pillars in thefight against opioids
have included efforts to reduce unintended
pregnancy, engage practitioners in universal
screening, increase access to evidence-based
care, and provide education and the oppor-
tunity for informed consent with respect to
maternal drug testing and reporting practices.
Policymakers should prioritize a response to
substance use that builds adequate treatment
capacity to address current substance use epi-
demics and can be adapted for future epidemics
that may involve other substances. Bold action
is needed to improve the health ofmothers and
children in the United States.
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