UC San Diego
UC San Diego Previously Published Works

Title

Substance-related diagnosis type predicts the likelihood and co-occurrence of preterm and
cesarean delivery

Permalink
https://escholarship.org/uc/item/1pw736pg
Journal

Journal of Addictive Diseases, 41(2)

ISSN
1055-0887

Authors

Courchesne-Krak, Natasia S
Zudiga, Maria Luisa
Chambers, Christina

Publication Date
2023-04-03

DOI
10.1080/10550887.2022.2082834

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,

availalbe at https://creativecommons.org/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1pw736ps
https://escholarship.org/uc/item/1pw736ps#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

Journal of

/_E;)(%dictive Journal of Addictive Diseases

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/wjad20

S

Taylor & Francis

Taylor & Francis Grou

P

Substance-related diagnosis type predicts the
likelihood and co-occurrence of preterm and
cesarean delivery

Natasia S. Courchesne-Krak, Maria Luisa Zufiga, Christina Chambers, Mark
B. Reed, Laramie R. Smith, Jerasimos Ballas & Carla Marienfeld

To cite this article: Natasia S. Courchesne-Krak, Maria Luisa Zufiga, Christina Chambers,

Mark B. Reed, Laramie R. Smith, Jerasimos Ballas & Carla Marienfeld (2022): Substance-related
diagnosis type predicts the likelihood and co-occurrence of preterm and cesarean delivery, Journal
of Addictive Diseases, DOI: 10.1080/10550887.2022.2082834

To link to this article: https://doi.org/10.1080/10550887.2022.2082834

[N
b View supplementary material (&'

@ Published online: 28 Jun 2022.

NI
[:;/ Submit your article to this journal &

||I| Article views: 9

A
h View related articles &'

@ View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=wjad20



JOURNAL OF ADDICTIVE DISEASES
https://doi.org/10.1080/10550887.2022.2082834

Taylor & Francis
Taylor & Francis Group

") Check for updates

Substance-related diagnosis type predicts the likelihood and
co-occurrence of preterm and cesarean delivery
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Public Health, Department of Medicine, University of California San Diego, La Jolla, CA, USA; ¢Department of Obstetrics and
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ABSTRACT KEYWORDS
Objective: This article aimed to evaluate whether a substance-related diagnosis (SRD; i.e., Substance use;
alcohol, opioids, cannabis, stimulants, nicotine) predicts the likelihood and co-occurrence of  pregnancy;

preterm delivery;
cesarean delivery;
electronic health record data

preterm (20-37 weeks’ gestation) and cesarean delivery.

Methods: This study reviewed electronic health record data on women (aged 18-44years)
who delivered a single live or stillbirth at > 20weeks of gestation from 2012 to 2019. Women
with and without an SRD were matched on key demographic characteristics at a 1:1 ratio.
Adjusting for covariates, odds ratios and 95% confidence intervals were calculated.
Results: Of the 19,346 deliveries, a matched cohort of 2,158 deliveries was identified. Of
these, 1,079 (50%) had an SRD, 280 (13%) had a preterm delivery, 833 (39%) had a cesarean
delivery, and 166 (8%) had a co-occurring preterm and cesarean delivery. An SRD was
significantly associated with preterm and cesarean delivery (AOR = 1.84 [95% Cl, 1.41-2.39],
p-value= <0.0001; AOR = 1.51 [95% Cl, 1.23-1.85], p-value= <0.0001). An alcohol-related
diagnosis (AOR = 1.82 [95% Cl, 1.01-3.28], p-value= 0.0471), opioid-related diagnosis (AOR
= 1.94 [95% Cl, 1.26-2.98], p-value= 0.0027), stimulant-related diagnosis (AOR = 1.65 [95%
Cl, 1.11-2.45], p-value= 0.0142), and nicotine-related diagnosis (AOR = 1.54 [95% Cl, 1.05-2.26],
p-value= 0.0278) were associated with co-occurring preterm and cesarean delivery.
Conclusions: Pregnant women with an SRD experienced disproportionally higher odds of
preterm and cesarean delivery compared to pregnant women without an SRD. Substance-type
predicts the type of delivery outcome. An SRD in pregnant women should be identified
early to reduce potential harm through intervention and treatment.

Introduction obesity® have all been identified as common pre-
dictors of preterm and cesarean delivery. Studies
that have examined the relationship between SRDs
and preterm and cesarean delivery found mixed

results and may have been limited to small sample

Women with a substance-related diagnosis (SRD;
i.e., use, misuse, or dependence on substances)
during pregnancy may be experiencing dispropor-
tionately higher odds of preterm (20-37 weeks’

gestation) and cesarean delivery compared to
women without an SRD during pregnancy.' Studies
have shown that increases in preterm and cesarean
delivery in the United States may be due to the
changes in the population of women giving birth.
Increases in maternal age,® preexisting chronic
health conditions (e.g., hypertension),>* and

sizes and failure to adequately control for con-
founding variables such as older age and preex-
isting chronic health conditions.®” Previous
research has observed a significant relationship
between substance use and preterm delivery.®-'
However, the type of substance and its association
with preterm delivery vary. Much less is known
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about the relationships between prenatal substance
use, cesarean delivery, and co-occurring preterm
and cesarean delivery. Increasing rates of maternal
substance use,!! the ongoing opioid epidemic, and
the relatively recent legalization of cannabis in
California'? may also impact rates of preterm and
cesarean delivery in this vulnerable population. As
such, updated prevalence and correlates of preterm
and cesarean delivery in pregnant women with an
SRD is needed.

To address the current gap in the literature, a
retrospective cross-sectional study of pregnant
women was conducted to evaluate whether an
SRD predicts the likelihood and co-occurrence
of preterm and cesarean delivery in a healthcare
system that provides tertiary care and is a referral
system for other providers in the community in
Southern California. It was hypothesized that
pregnant women with an SRD would have higher
prevalence of preterm and cesarean delivery com-
pared to pregnant women without an SRD.

Methods
Study participants and procedures

De-identified electronic health record (EHR) data
on any woman (aged 18-44years) who delivered
a single live or stillbirth at > 20 weeks of gesta-
tion were collected from a large health system
in Southern California from January 1, 2012
through August 31, 2019 (7.8years of available
data). This healthcare system averages about 3000
deliveries per year. To protect adolescents under
the age of 18 who are considered an especially
vulnerable population, the sample was restricted
to maternal aged > 18 so those < 18 could not
be identified due to small sample sizes.

Women with an International Classification of
Diseases, 10" edition (ICD-10) code for a single
live or stillbirth at > 20 weeks of gestation were
used for analysis (Table A in the supplemental
material).!* Deliveries of multiple gestation were
omitted due to potential differences in delivery
outcomes related to more than one gestation.
Data were collected from the antepartum (con-
ception to < 42weeks) and intrapartum (labor
and delivery) periods. When an individual record
had more than one delivery carried to a

gestational age of > 20 weeks, each patient iden-
tification number (ID) and its unique delivery
date represented one subject. The number of pre-
vious pregnancies for each delivery by ID number
was identified by delivery codes that appeared
before the most recent delivery in the dataset.

ICD-10 codes for SRDs and other mental ill-
ness diagnoses correspond with the Diagnostic
and Statistical Manual of Mental Disorders, 5th
edition (DSM-5), which provides a more detailed
description of each diagnosis (Table A in the
supplemental material).!*!* An SRD, other men-
tal illness (e.g., depression), or other preexisting
health condition (e.g., cardiovascular disease)
may be included in a patient chart during any
outpatient visit (e.g., prenatal visit with their
obstetrician, psychiatric visit), inpatient visit
(e.g., hospitalization), emergency department
visit (e.g., delivery), or during one of the many
other types of healthcare-related visits. Each of
these health-related variables is defined in
detail below.

The Institutional Review Board approved the
study protocol (#191588; Date of approval:
October 1, 2019).1°> Data were collected from
the health center’s biomedical informatics team
through their standardized data request process.
Data were provided by staff in a secured Health
Insurance Portability and Accountability Act
(HIPAA)-approved Virtual Research Desktop
(VRD). The VRD interface is protected by
multi-factor authentication and is managed and
monitored by the biomedical informatics team.

Measures

The primary outcomes of this study were preterm
delivery (20-36-weeks’ gestation; yes/no), cesar-
ean delivery (yes/no), and co-occurring preterm
and cesarean delivery (yes/no). Because the type
of delivery includes vaginal, cesarean, and spon-
taneous or therapeutic abortion, the sample used
to assess cesarean delivery only included those
with a cesarean or vaginal delivery. As such,
those with a spontaneous or therapeutic abortion
(n=43) were omitted from the analysis for the
cesarean delivery cohort but not for the preterm
delivery or co-occurring preterm and cesarean
delivery cohort.



The primary predictor variable was preexisting
and/or new SRD (yes/no) during the antepartum
and intrapartum period. Any SRD ICD-10 code
for alcohol, opioids, cannabis, stimulants (i.e.,
cocaine and methamphetamines), nicotine, and
nonspecific SRDs or other (i.e., sedatives, hallu-
cinogens, and inhalants) were included in the
SRD variable (Table A in the supplemental mate-
rial). SRDs that were only identified after the
intrapartum period were not included in the
analysis. In addition, the relationship between an
alcohol-, opioid-, cannabis-, stimulant-, or
nicotine-related diagnosis and the delivery out-
comes were assessed individually.

Covariates included age (18-44) and race/eth-
nicity (Hispanic/Latina, non-Hispanic/Latina
Black, non-Hispanic/Latina White, and other
race/ethnicity [American Indian/Alaskan Native,
Asian/Pacific Islander, and other race or mixed)])
at delivery. Patients are asked to include their
race (e.g., Black, White) and ethnicity (e.g.,
Hispanic/Latina, African American, and
Caucasian) as separate categories on intake. To
manage small cell sizes, those who did not select
Hispanic/Latina, non-Hispanic/Latina Black or
non-Hispanic/Latina White were grouped into
the “other” category. Other variables include mar-
ital status (single, divorced/separated/widowed,
or married), and Body Mass Index (BMI; calcu-
lated as weight in kilograms divided by height
in meters squared) at delivery. To assess and
control for the impact of previous pregnancies,
one or more previous pregnancy at > 20weeks
and ending in a livebirth or stillbirth (yes/no)
was identified. Health insurance was defined as
private (e.g., commercial), public (e.g., Medicaid)
and no insurance. Those in the private insurance
category could also have public insurance. Those
grouped in the public insurance category did not
have private insurance.

Table A in the supplemental material includes
a full list of the ICD-10 codes used to identify
serious mental illness (SMI; e.g., schizophrenia)
and non-SMI (e.g., anxiety). A summary variable
for preexisting health condition included cardio-
vascular disease, diabetes (non-gestational), ane-
mia, kidney failure, hypertension, lupus
erythematosus, epilepsy, pulmonary disease, can-
cer, human immunodeficiency virus, acquired
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immunodeficiency syndrome, hepatitis C virus,
and tuberculosis (codes supplied on request).

Statistical analysis

Descriptive statistics were used to identify the
number and type of SRD during the antepartum
and intrapartum periods. Using propensity score
matching, pregnant women with and without an
SRD were matched 1:1 (50% with an SRD and
50% without an SRD) on known predictors of
preterm and/or cesarean delivery (i.e., age at
delivery, BMI at delivery, > 1 previous pregnancy
at > 20 weeks and ending in a livebirth/stillbirth
[yes/no], preexisting health condition [yes/no],
and delivery year [2012-2019]'78).16 For example,
for every woman with a preexisting health con-
dition and an SRD there is also a woman with
a preexisting health condition and no SRD. Due
to the reliance on ICD-10 codes, these data may
represent an inconsistent distribution of > 1 pre-
vious pregnancy compared to the rate in other
studies (e.g., 92% vs. 73%).!° The analysis was
repeated without matching on this variable, and
again for primigravida women. Standardized
mean differences were used to examine the bal-
ance of covariate distribution between the groups.

Unadjusted and adjusted analyses were con-
ducted in the unmatched and matched cohorts
using analysis of variance (ANOVA) for contin-
uous data and Chi-square (y?) tests for categorical
data. To determine the effect/magnitude of the
associations, unadjusted odds ratios (ORs) were
calculated and reported. Two-sided tests with 95%
confidence intervals (CIs) that cross one, indi-
cating that there was no significant difference,
and p-values > 0.05 were used to determine
whether a covariate would be included in the
final adjusted regression models.

Regression analyses were performed and
reported separately for (1) preterm delivery, (2)
cesarean delivery, and (3) co-occurring preterm
and cesarean delivery. The removal of the cases
that resulted in spontaneous or elective abortion
(n=43) from the cesarean cohort created small
differences in sample sizes for the preterm
matched cohort (n=2,158) and the cesarean
matched cohort (n=2,154). Due to this small
difference in sample size, Figure 1 only represents
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Pregnancies between 2012-2019
resulting in singleton delivery,
gestation age = 20 weeks
N=19,350 (100%)

Substance-related
*>| diagnosis after delivery
n=4 (0.02%)

J

Unmatched cohort
n=19,346

No substance-related
diagnosis
n=18,233 (94.3%)

Substance-related
diagnosis
n=1,113 (5.8%)

Matched cohort
n=2,158

No substance-related
diagnosis
n=1,079 (50.0%)

Substance-related
diagnosis
n=1,079 (50.0%)

Preterm Cesarean Preterm Cesarean
delivery delivery delivery delivery

n=185 n=487 n=1,974 n= 5,360
(16.6%) (43.8%) (10.8%) (29.5%)

Preterm Cesarean Preterm Cesarean
delivery delivery delivery delivery
n=171 n=477 n=109 n=356
(15.9%) (44.3%) (10.1%) (33.1%)

Co-occurring preterm and
cesarean delivery
n=1,022 (5.6%)

cesarean delivery

Co-occurring preterm and
n=111 (10.0%)

J

J |

Co-occurring preterm and
cesarean delivery
n=105 (9.7%)

cesarean delivery
n=61 (5.7%)

J

Co-occurring preterm and ]

Figure 1. Flow chart of the study population for preterm and cesarean delivery in pregnant women in a large healthcare system

from April 1%, 2011-September 30%, 2019.

the results for preterm and cesarean delivery in
the preterm matched cohort.

Multivariable logistic regression models were
conducted to determine the variables that were
associated with having the three delivery out-
comes compared to those without the three deliv-
ery outcomes. Standardized betas (B), standard
errors (SE [B]), adjusted odds ratios (AOR), and
the respective CIs and p-values were reported.
Only variables significant in the unadjusted
(bivariate) regression models (Tables 1 and 2)
were included in the adjusted (multivariable)
regression models (Table 3) for each outcome
variable (preterm delivery, cesarean delivery,
co-occurring preterm and cesarean delivery). As
such, the variables included for the preterm deliv-
ery cohort (left side of this table) differ from the
variables included in the cesarean delivery cohort
(right side of this table).

The same analyses mentioned previously were
then conducted by substance type. Only the
results from the individual multivariable regres-
sions by substance type, not the covariates (e.g.,
age, BMI), were reported. All analyses were con-
ducted with SAS 9.4 (SAS Institute, Cary, North
Carolina).

Results
Sample characteristics in the unmatched cohort

There were 19,350 deliveries with an ICD-10 code
for a single delivery at > 20 weeks’ gestation
(Figure 1). Four individuals were diagnosed with
an SRD after delivery and were removed from the
analysis. Of the 19,346 deliveries in the unmatched
cohort, preterm and cesarean deliveries were
reported in 2159 (11%) and 5847 (30%) deliveries
respectively (Table B in the supplemental mate-
rial). Of these, 1133 (6%) had a co-occurring
preterm cesarean delivery. An SRD was reported
in 1113 (6%) in the preterm cohort and 1111 (6%)
in the cesarean cohort. When grouped by SRD
type, the most common SRD included nicotine
(16%), cannabis (16%), stimulants (14%), opioids
(10%), and alcohol (5%). In those with an SRD,
185 (17%) had a preterm delivery, 487 (44%) had
a cesarean delivery, and 111 (10%) had a
co-occurring preterm and cesarean delivery.

Sample characteristics in the matched cohort

In the preterm (n=2158) and cesarean delivery
(n=2154) matched cohorts, 280 (13%) preterm
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Table 1. Matched unadjusted demographic and health related characteristics and preterm delivery among women with a doc-
umented delivery from a large healthcare system’s electronic health record from April 1, 2012 to September 30, 2019 (n=2158).

No preterm
Total n (%)/ Preterm Delivery delivery n (%)/
Parameter Mean +SD n (%)/ Mean+SD Mean +SD QOdds ratio 95% (Cl) %2 P
All 2158 (100.0) 280 (13.0) 1878 (87.0)
Age at delivery (ranges 18-44) 29.9+5.6 29.9+6.1 29.9+5.6 1.00 (1.00-1.02) 0.01 0.9149
Race/ethnicity
Hispanic/Latina 201 (9.6) 27 (9.8) 174 (9.6) 1.39 (0.88-2.21) 0.04 0.8262
Non-Hispanic/Latina Black 214 (10.2) 38 (13.8) 176 (9.7) 1.94 (1.28-2.93) 3.92 0.0478
Other® 813 (38.8) 123 (44.8) 690 (37.9) 1.61 (1.20-2.16) 1.10 0.2948
Non-Hispanic/Latina White 869 (41.4) 87 (31.6) 782 (42.9) -
Marital status
Single 1017 (47.3) 157 (56.3) 860 (45.9) 1.58 (1.22-2.06) 2.06 0.1511
Divorced/separated/widowed 89 (4.1) 13 (4.7) 76 (4.1) 1.49 (0.80-2.78) 0.31 0.5804
Married 1046 (48.6) 109 (39.1) 937 (50.1) -
Body Mass Index at delivery 326+7.6 31.8+7.6 32.1+7.6 0.98 (0.97-0.99) 3.38 0.0540
>1 previous pregnancy®
No 1986 (92.0) 258 (92.1) 1728 (92.0) 1.02 (0.64-1.63) 0.01 0.9259
Yes 172 (8.0) 22 (7.9) 150 (8.0) -
Health insurance
Public 484 (22.4) 71 (25.4) 413 (22.0) 1.18 (0.88-1.58) 2.15 0.2528
No insurance 211 (9.8) 22 (7.9) 189 (10.1) 0.83 (0.53-1.31) 1..31 0.2528
Private 1463 (67.8) 187 (66.8) 1276 (67.9) -
Substance-related diagnosis
Yes 1079 (50.0) 171 (61.1) 908 (48.4) 1.66 (1.28-2.14) 15.0 0.0001
No 1079 (50.0) 109 (38.9) 970 (51.7) -
Serious mental illness
Yes 163 (7.6) 29 (10.4) 134 (7.1) 1.50 (0.98-2.28) 3.50 0.0614
No 1995 (92.5) 251 (89.6) 1744 (92.9) -
Non-serious mental illness
Yes 709 (32.9) 100 (35.7) 609 (32.4) 0.97 (0.76-1.25) 0.054 0.8165
No 1449 (67.1) 180 (64.3) 1269 (67.6) -
Preexisting health condition
Yes 1078 (19.9) 175 (62.5) 903 (48.1) 1.78 (1.38-2.30) 19.27 <0.0001
No 1080 (50.1) 105 (37.5) 975 (51.9) -

Notes: Matched age at delivery by non-preterm delivery: n=1878, median=30, ranges = 18-44. Matched BMI at delivery by preterm delivery: n=280,
median=31.4, ranges = 18.9-71.5. Matched BMI at delivery by non-preterm delivery: n=1878, median = 32.7, ranges = 14.4-101.2.). Variable totals

may not sum to column totals due to missing data.

20ther race/ethnicity includes American Indian/Alaskan Native (n=15), Asian/Pacific Islander (n=139), and other race or mixed race/ethnicity (n=659).
b> 1 previous pregnancy at >20 weeks’ gestation ending in a livebirth or stillbirth. Matched age at delivery by preterm delivery: n=280, median = 30,

ranges = 18-42.

deliveries and 833 (39%) cesarean deliveries were
reported (Tables 1 and 2). Of these, 166 (8%)
had a co-occurring preterm cesarean delivery.
Due to matching on SRD, an SRD was reported
in 1,079 (50%) in the preterm cohort and 1,077
(50%) in the cesarean cohort. Figure 2 represents
the distribution of delivery outcomes by SRD
type. In those with an SRD, 171 (16%) had a
preterm delivery, 477 (44%) had a cesarean deliv-
ery, and 105 (10%) had a co-occurring preterm
and cesarean delivery (Figures 1 and 2). Women
with an SRD and co-occurring preterm and
cesarean delivery accounted for 2 of the 4 spon-
taneous abortions.

In the preterm and cesarean delivery matched
cohorts, most were Non-Hispanic/Latina White
(41%) or of other race/ethnicity (39%; i.e.,
American Indian/Alaskan Native [n=15], Asian/
Pacific Islander [n=139], and other race or mixed

race/ethnicity [n=659]) with a mean age of 29.9
([SD]=5.6, ranges 18-44years; Tables 1 and 2).
Most were married (49%) or single (47%), had
no previous pregnancies (92%), had private health
insurance (68%), and a mean BMI at delivery of
32.6 (SD =7.6, ranges 14.4-101.2). SMI and
non-SMIs were documented for 8% and 33%,
respectively. Preexisting health conditions were
documented for 50% due to matching.

Prevalence and correlates of preterm delivery

In the matched adjusted analysis, an SRD (AOR
= 1.84 [95% CI, 1.41-2.39], p-value <0.0001),
lower BMI at delivery (AOR = 0.98 [95% CI,
0.96-0.99], p-value = 0.0074), and preexisting
health condition (AOR = 1.73 [95% CI, 1.32-
2.26], p-value = <0.0001) were significantly asso-
ciated with preterm delivery (Table 3).
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Table 2. Matched unadjusted demographic and health-related characteristics by cesarean delivery among women with a doc-
umented delivery from a large healthcare system’s electronic health record from April 1, 2012 to September 30, 2019 (n=2154).

Total n (%)/ Cesarean delivery Vaginal delivery n 0Odds ratio 95%

Parameter Mean+SD (%)/Mean +SD (%)/Mean = SD (@)} x2 P

All 2154 (100.0) 833 (38.7) 1321 (61.3)

Age at delivery 29.9+5.6 30.8+5.6 29355 1.05 (1.04-1.07) 38.56 <0.0001
(ranges 18-44)

Race/ethnicity
Hispanic/Latina 201 (9.6) 80 (9.9) 121 (9.4) 1.13 (0.83-1.55) 0.02 0.9133
Non-Hispanic/ 211 (10.1) 95 (11.7) 116 (9.1) 1.40 (1.04-1.90) 3.19 0.0739
Latina Black
Other? 813 (38.8) 316 (39.0) 497 (38.8) 1.09 (0.90-1.33) 0.45 0.5031
Non-Hispanic/ 868 (41.5) 320 (39.5) 548 (42.8) -
Latina White

Marital status
Single 1015 (47.3) 418 (50.4) 597 (45.3) 1.32 (1.12-1.58) 1.41 0.2352
Divorced/ 88 (4.1) 49 (5.9) 40 (3.0) 2.37 (1.53-3.70) 10.89 0.0010
separated/
widowed
Married 1044 (48.6) 362 (43.7) 682 (51.7) -

Body mass index 326+7.6 344+83 314+6.8 1.05 (1.04-1.07) 73.08 <0.0001
at delivery

>1 previous pregnancy®
No 1982 (92.0) 774 (92.9) 1208 (91.4) 1.23 (0.88-1.70) 1.51 0.2205
Yes 172 (8.0) 59 (7.1) 113 (8.6) -

Health insurance
Public 482 (22.4) 199 (23.9) 283 (21.4) 1.16 (0.94-1.43) 1.37 0.2426
No insurance 211 (9.8) 80 (9.6) 131 (9.9) 1.02 (0.76-1.37) 0.15 0.6987
Private 1461 (67.8) 554 (66.5) 907 (62.1) -

Substance-related diagnosis
Yes 1077 (50.0) 477 (57.3) 600 (45.4) 1.61 (1.35-1.92) 28.50 <0.0001
No 1077 (50.0) 356 (42.7) 721 (54.6) -

Serious mental illness
Yes 162 (7.5) 82 (9.8) 80 (6.1) 1.69 (1.23-2.34) 10.35 0.0013
No 1992 (92.5) 751 (90.2) 1241 (93.9) -

Non-serious mental illness
Yes 707 (32.8) 287 (34.5) 420 (31.8) 1.18 (0.99-1.41) 45.87 0.0725
No 1447 (67.2) 546 (65.6) 901 (68.2) -

Preexisting health condition
Yes 1076 (49.9) 494 (59.3) 582 (44.1) 1.84 (1.54-2.19) 45.87 <0.0001
No 1078 (50.1) 339 (40.7) 739 (55.9) -

Notes: Matched age at delivery by cesarean delivery: n=837, median = 31.0, Ranges = 18-44. Matched age at delivery by vaginal delivery: n=1325,
median = 29.0, ranges = 18-44. Matched BMI at delivery by cesarean delivery: n=837, median = 32.8, ranges = 20.1-72.3. Matched BMI at delivery
by non-preterm delivery: n=1325, median = 30.2, ranges = 14.4-101.2.). Variable totals may not sum to column totals due to missing data.

a0ther race/ethnicity includes American Indian/Alaskan Native (n=15), Asian/Pacific Islander (n=139), and other race or mixed race/ethnicity (n=659).

b >1 previous pregnancy at > 20 weeks’ gestation ending in a livebirth or stillbirth.

In the matched adjusted analysis by substance
type, opioid-related diagnosis (AOR = 2.00 [95%
CI, 1.37-2.90], p-value = 0.0003), and
stimulant-related diagnosis (AOR = 2.25 [95%
CI, 1.64-3.09], p-value = <0.0001) were signifi-
cantly associated with preterm delivery (Table 4).

Prevalence and correlates of cesarean delivery

In the matched adjusted analysis, an SRD (AOR
= 1.51 [95% CI, 1.23-1.85], p-value = <0.0001),
age at delivery (AOR = 1.05 [95% CI, 1.03-1.07],
p-value = <0.0001), BMI at delivery (AOR = 1.05
[95% CI, 1.04-1.07], p-value = <0.0001), and
preexisting health condition (AOR = 1.67 [95%
CI, 1.39-2.01], p-value = <0.0001) were associated
with cesarean delivery (Table 3).

In the matched adjusted analysis for cesarean
delivery by substance type, stimulant-related
diagnosis (AOR = 1.54 [95% CI, 1.18-2.02],
p-value = 0.0014), and nicotine-related diagnosis
(AOR = 1.36 [95% CI, 1.06-1.74], p-value =
0.0155) were associated with cesarean delivery
(Table 4).

Prevalence and correlates of co-occurring preterm
and cesarean delivery

In the matched adjusted analysis, an SRD (AOR
= 1.81 [95% CI, 1.30-2.52], p-value = 0.0004)
and preexisting health condition (AOR = 2.42
[95% CI, 1.72-3.41], p-value = <0.0001) were
associated with co-occurring preterm and cesar-
ean delivery (data not shown in tables).
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Figure 2. Distribution of delivery outcomes by substance-related type in matched cohort of pregnant women from January 1,
2012 to August 31%, 2019 (n=2,158). *Results show that opioid-, stimulant-, and any substance-related diagnoses were signifi-
cantly associated with preterm delivery. Stimulant-, nicotine-, and any substance-related diagnoses were significantly associated
with cesarean delivery. Alcohol-, opioid-, stimulant-, nicotine-, and any substance-related diagnoses were significantly associated
with co-occurring preterm and cesarean delivery. A cannabis-related diagnosis was not significantly associated with preterm or
cesarean delivery. The sample size and percentage for each substance by those with and without preterm and cesarean delivery
can be found in Table 4.

Table 3. Matched adjusted analysis of factors associated with a preterm and cesarean delivery among women with a documented
delivery from a large healthcare system’s electronic health record from April 1, 2012 to September 30, 2019.

Preterm delivery matched cohort (n=2097) Cesarean delivery matched cohort (n=2148)
Adjusted odds ratio Adjusted odds
Parameter B SE (B) (95% Cl) x? B SE (B) ratio (95% Cl) x?
Age at delivery (ranges 18-44) 0.05 0.01 1.05 (1.03-1.07) 33.47%**
Race/ethnicity
Hispanic/Latina 0.01 0.17 1.48 (0.92-2.36) 0.00
Non-Hispanic/Latina Black 0.20 0.15 1.79 (1.17-2.73) 1.67
Other® 0.18 0.11 1.76 (1.30-2.38) 283
Non-Hispanic/Latina White -
Marital status
Single —-0.04 0.09 1.17 (0.96-1.44) 0.16
Divorced, separated, and 0.23 0.15 1.54 (0.96-2.45) 229
widowed
Married
Body Mass Index at delivery -0.03 0.01 0.98 (0.96-0.99) 1.18%* 0.05 0.01 1.05 (1.04-1.07) 63.25%**
Substance-related diagnosis
Yes 0.27 0.07 1.84 (1.41-2.39) 16.10%** 0.20 0.05 1.51 (1.23-1.85) 15.60***
No - -
Serious mental illness
Yes 0.09 0.09 1.20 (0.85-1.69) 1.03
No -
Preexisting health condition
Yes 0.30 0.07 1.73 (1.32-2.26) 20.29%** 0.26 0.05 1.67 (1.39-2.01) 30.27%**
No - -

Notes: B, standardized betas, SE (B), standard errors; and Cl, confidence interval.

Only variables significant in the unadjusted (bivariate) regression models (Tables 1 and 2) were included in the adjusted (multivariable) regression models
(Table 3) for each outcome variable (preterm delivery, cesarean delivery). As such, the variables included for the preterm delivery cohort (left side of
this table) differ from the variables included in the cesarean delivery cohort (right side of this table).

20ther race/ethnicity includes American Indian/Alaskan Native (n=15), Asian/Pacific Islander (n=141), and other race or mixed race/ethnicity (n=659).

‘P<0.05.

**P<0.01.

*P<0.001.
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In the matched adjusted analysis for
co-occurring preterm and cesarean delivery by
substance type, alcohol-related diagnosis (AOR =
1.82 [95% CI, 1.01-3.28], p-value = 0.0471),
opioid-related diagnosis (AOR = 1.94 [95% CI,
1.26-2.98], p-value = 0.0027), stimulant-related
diagnosis (AOR = 1.65 [95% CI, 1.11-2.45],
p-value = 0.0142), and nicotine-related diagnosis
(AOR = 1.54 [95% CI, 1.05-2.26], p-value =
0.0278) were associated with co-occurring preterm
and cesarean delivery (Figure 2 and Table 4).

Discussion

In a large matched pregnancy cohort at a tertiary
care center from 2012 to 2019, women with a
preterm delivery were more likely to have an
SRD, an opioid- or stimulant-related diagnosis,
lower BMI, and a preexisting health condition.
Women with a cesarean delivery were more likely
to have an SRD, a stimulant- or nicotine-related
diagnosis, older age, a higher BMI, and preexist-
ing health condition. Finally, women with a
co-occurring preterm and cesarean delivery were
more likely to have an SRD, an alcohol-, opioid,
stimulant, or nicotine-related diagnosis, and a
preexisting health condition. As such, only a
cannabis-related diagnosis was not found to be
significantly associated with preterm or cesarean
delivery.

Findings from this study substantiate the pre-
vious findings of an increased risk for preterm
delivery,*~'° but not cesarean delivery,'> in preg-
nant women who use opioids. This may be due
to the regional variability associated with Southern
California. Variance in these findings may also
be related to differences in identifying pregnant
women with an ICD-10 code for an opioid-related
diagnosis (i.e., use, misuse, or dependence) com-
pared to using a clinical assessment that requires
a formal diagnosis per the DSM-5 to identify an
opioid use disorder (OUD), which is a type of
opioid-related diagnosis. Differences in these
findings may also be related to the unmeasured
and unknown impact of opioid agonist therapy
(e.g., methadone) on delivery outcomes.
Interestingly, an opioid-related diagnosis remained
significantly associated with co-occurring preterm
and cesarean delivery. This indicates that the

strength of the relationship between opioid use
and preterm delivery may be driving this observed
association.

One study found that preterm delivery was
more common in methadone-exposed deliveries
(25%) compared to buprenorphine-exposed
deliveries (14).2' This suggests that there may
be maternal physiological changes related to dif-
ferent agonist therapies. Additional research on
how untreated OUDs and treated OUDs with
medications for opioid use disorder (e.g., meth-
adone, buprenorphine) during pregnancy impacts
delivery outcomes is needed to determine the
safety and utility of these essential
medications.

A similar association between stimulant use and
preterm delivery has been observed in previous
studies.”>* A systematic review and meta-analysis
of 31 studies found that cocaine use was associated
with an increased risk for preterm delivery.?
Cocaine use in pregnant women has also been
found to lead to severe hypertension, hyperreflexia,
proteinuria, edema, and seizures, which are out-
comes that may present as preeclampsia.”> In some
older studies, an increased risk of placental abrup-
tion,” uterine rupture,” miscarriage,”® and still-
birth?® have been identified in women who use
cocaine during pregnancy.??

Currently, there is limited research on the
relationship between substance use and cesarean
delivery. In this study, stimulant- and
nicotine-related diagnoses were the strongest
predictors of cesarean delivery. This finding is
supported by a previous study which found that
prenatal methamphetamine use was significantly
associated with preterm delivery, cesarean deliv-
ery, and maternal intensive care unit admis-
sion.>* A significant relationship between
nicotine use during the perinatal period and
preterm or cesarean delivery has also been
observed in the literature.®* In this current
study, nicotine was significantly associated with
cesarean delivery, but not preterm delivery.
However, a nicotine-related diagnosis remained
significantly associated with co-occurring
preterm and cesarean delivery, indicating that
the strength of the relationship between nicotine
use and cesarean delivery may be driving this
observed association.
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Table 4. Matched unadjusted and adjusted analysis of substance-related diagnosis types associated with preterm and cesarean
delivery among women with a documented delivery from a large healthcare system’s electronic health record from April 1,

2012 to September 30, 2019.

Odds ratio Adjusted odds
Parameter Yes No 95% (Cl) Ve B SE (B) ratio (95% Cl) Ve
Preterm delivery unadjusted matched cohort (n=2158) Preterm delivery adjusted matched cohort (n=2097)
Alcohol
Yes 21 (7.5) 88 (4.7) 1.65 (1.01-2.70) 3.95% 0.23 0.13 1.58 (0.95-2.64) 3.07
No 260 (92.5) 1789 (95.3) - -
Opioids
Yes 44 (15.7) 170 (9.1) 1.87 (1.31-2.68) 11.78*** 0.34 0.10 2.00 (1.37-2.90) 13.10%**
No 237 (84.3) 1707 (90.9) - -
Cannabis
Yes 53 (18.9) 296 (15.8) 1.25 (0.90-1.73) 1.79
No 227 (81.1) 1582 (84.3) -
Stimulants
Yes 67 (23.8) 232 (12.4) 2.23 (1.64-3.03) 26.26*** 0.40 0.08 2.25 (1.64-3.09) 25.13%**
No 214 (76.2) 1645 (87.6) -
Nicotine
Yes 56 (19.9) 298 (15.9) 1.33 (0.97-1.82) 3.03
No 225 (80.1) 1579 (84.1) -
Cesarean delivery unadjusted matched cohort (n=2154) Cesarean delivery adjusted matched cohort (n=2148)
Alcohol
Yes 44 (5.3) 65 (4.9) 1.08 (0.73-1.60) 0.14
No 789 (94.7) 1256 (95.1) -
Opioids
Yes 93 (11.2) 121 (9.2) 1.25 (0.94-1.66) 2.29
No 740 (88.8) 1200 (90.8) -
Cannabis
Yes 136 (16.3) 212 (16.1) 1.02 (0.81-1.29) 0.03
No 697 (83.7) 1109 (84.0) -
Stimulants
Yes 157 (18.9) 142 (10.8) 1.93 (1.51-2.47) 27.40%** 0.22 0.69 1.54 (1.18-2.02) 10.04%**
No 676 (81.2) 1179 (89.3) - -
Nicotine
Yes 168 (20.2) 184 (13.9) 1.56 (1.24-1.97) 14.471%** 0.15 0.06 1.36 (1.06-1.74) 5.94*
No 665 (79.8) 1137 (86.1) -
Co-occurring preterm and cesarean delivery unadjusted matched cohort Co-occurring preterm and cesarean delivery adjusted
(n=2158) matched cohort (n=2148)
Alcohol
Yes 14 (8.4) 95 (4.8) 1.84 (1.03-3.30) 4.17* 0.30 0.15 1.82 (1.01-3.28) 3.94*
No 152 (91.6) 1897 (95.2) -
Opioids
Yes 29 (17.5) 185 (9.3) 2.07 (1.35-3.17) 11.05%** 0.33 0.1 1.94 (1.26-2.98) 9.00%*
No 137 (82.5) 1807 (90.7) -
Cannabis
Yes 28 (16.9) 321 (16.1) 1.06 (0.70-1.61) 0.06
No 138 (83.1) 1671 (83.9) -
Stimulants
Yes 35 (21.1) 264 (13.3) 1.75 (1.18-2.60) 7.7%* 0.25 0.12 1.65 (1.12-2.45) 6.08%*
No 131 (78.9) 1728 (86.8) - -
Nicotine
Yes 38 (22.9) 316 (16.0) 1.58 (1.08-2.31) 5.44** 0.22 0.10 1.54 (1.05-2.26) 4.84*
No 128 (77.1) 1676 (84.1) -

Notes: SD, standard deviation; Cl, confidence interval; P-values based on Chi-square (x?) tests of significance for categorical data and analysis of variance
(ANOVA) for continuous data; B, standardized betas; SE (B), standard errors; Cl, confidence interval.

Variable totals may not sum to column totals due to missing data. This table represents the results of 15 unadjusted and 15 adjusted regression models
for the three outcomes: (1) preterm delivery, (2) cesarean delivery, (3) co-occurring preterm and cesarean delivery. As such, only the results from the
individual multivariable regressions by substance type, not the covariates (e.g., age, BMI), are reported in this table.

‘P<0.05.
“P<0.01.
""P<0.001.

An alcohol-related diagnosis was not found to
be significantly associated with preterm or cesarean
delivery individually. However, a significant associ-
ation with an alcohol-related diagnosis was observed
in women with co-occurring preterm and cesarean
delivery. Associations between alcohol use and

preterm delivery has been observed in numerous
studies,®*** indicating that the strength of the rela-
tionship between alcohol use and preterm delivery
may be driving this observed association. Further
research on how alcohol use impacts delivery out-
comes such as cesarean delivery is warranted.
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Finally, a cannabis-related diagnosis was not
found to be significantly associated with preterm
delivery, cesarean delivery, or co-occurring
preterm and cesarean delivery. This finding dif-
fers from other studies which have observed an
association between cannabis use and preterm
delivery.?! One study in France found that women
who used cannabis demonstrated higher rates of
preterm delivery and spontaneous preterm deliv-
ery.* In addition, the association was observed
in those who used cannabis once a month or
more often, and especially in those who also used
tobacco.

To our knowledge, no study has investigated
the relationship between a cannabis-related
diagnosis and cesarean delivery. As such, addi-
tional research on the relationship between a
prenatal cannabis use and delivery outcomes
is needed.

The findings in this study reinforce the need
to identify SRDs in pregnant women early to
minimize potential harm through intervention
and treatment. Our data show high prevalence
and risk of adverse delivery outcomes in those
with an SRD, which supports a rational for
robust SRD screening measures in all clinical
settings. Because pregnant women with an SRD
may be engaging with the health system in dif-
ferent capacities (pre-natal visit vs. emergency
department), questions regarding substance use
should be posed often. Screening through ques-
tions related to substance use should be posed
sensitively and should include questions specif-
ically related to specific substances such as alco-
hol, opioids, cannabis, stimulants, and
nicotine.?¢37

Future studies should investigate the biological
and environmental impact substance use, poly-
substance use, and medication treatments (e.g.,
methadone) have on delivery outcomes, and dif-
ferentiate between substance exposure, lifestyle
factors, and the potential benefit of treatment on
perinatal outcomes such as preterm and cesarean
delivery. Screening and monitoring interventions
should be implemented and tested in all types of
clinical encounters including prenatal, primary
care, and psychiatry visits to prevent substance
use during pregnancy and subsequent adverse
delivery outcomes. Investigating how stigma

impacts these same delivery outcomes in these
settings could also lead to increased recognition,
appropriate diagnoses, and engagement in
treatment.

Strengths and limitations

The research presented in this study used robust
methodology in a large sample to evaluate pre-
vious potential negative outcomes and expand
previous findings to address the relationships
between SRDs and delivery outcomes. This study
is strengthened by the large sample size over
7.5years and the use of propensity score matching
to control for confounding in the unstructured
EHR data. By matching on key baseline charac-
teristics, a greater portion of potential bias was
eliminated when estimating the effects of an SRD
on delivery outcomes.*

This study is limited by the reliance on ICD-10
codes for health-related diagnoses which can lead
to misclassification bias, unmeasured confounding
(e.g., SRD treatment), changes in eligibility over
time, and missing data.’® These data represent
an inconsistent distribution of > 1 previous preg-
nancy compared to the rate in other studies.?!
To address this concern, the analysis was repeated
without matching on this variable, and again for
primigravida women. The relationship between
an SRD, the other covariates (e.g., age), and the
outcome variables remained significant in both
analyses, confirming that our decision to match
on > 1 previous pregnancy did not impact the
final results. It may be difficult to generalize
these results to other care settings due to the
race/ethnicity distribution (e.g., low proportion
of patients who report Black race or Hispanic/
Latina ethnicity) in one healthcare system in
Southern California.

Conclusion

The findings from this study reveal that pregnant
women with an SRD are experiencing dispropor-
tionally higher odds of preterm and cesarean
delivery compared to pregnant women without
an SRD in a large matched pregnancy cohort.
Substance type predicted the type of delivery out-
come. Opioid- and stimulant-related diagnoses



were significantly associated with preterm deliv-
ery while stimulant- and nicotine-related diagno-
ses were significantly associated with cesarean
delivery. An alcohol-, opioid- stimulant-, and
nicotine-related diagnosis were more likely to be
observed in women with a co-occurring preterm
cesarean delivery. A cannabis-related diagnosis
was not significantly associated with preterm or
cesarean delivery. These findings indicate that an
SRD in pregnant women should be identified
early to reduce potential harm through interven-
tion and treatment.
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