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Abstract Mental illness (MI), substance abuse (SA), and
intentional injury (II) are known individual risk factors for
adverse pregnancy outcomes. Their combined association
with preterm birth (PTB) and low birth weight (LBW)
remains relatively unexplored. We examined hospital utili-
zation for the co-occurrence of II and MI or SA in pregnant
women in Massachusetts and assessed their interactive
association with PTB and LBW. This retrospective cohort
study used ICD-9 and E-codes reported on linked birth and
hospital utilization data to identify MI, SA, and II diagnoses
during pregnancy for 176,845 Massachusetts resident women
who delivered during 2002-2004. Adjusted odds ratios (OR)
for the independent and joint associations of MI, SA, and Il on
PTB and LBW were calculated. Two thousand two hundred
and eight women (1.6%) had a prenatal Ml visit, 834 (0.5%) a
prenatal SA visit, and 847 (0.5%) a prenatal II visit. Among
them 163 women had MI and II visits and 69 had SA and II
visits. SA, MI, and II were all significant predictors of LBW
and PTB. Women with both SA and I had higher odds of PTB
(OR2.795% CI1.3-5.7) and LBW (OR 5.3 95% C13.9-7.3)
than women with neither diagnosis. Prenatal MI, SA, and II
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are risk factors for LBW and PTB. Women with SA and II
co-diagnoses have greater risk of LBW and PTB than women
with neither diagnosis. Screening, timely diagnosis, and
treatment of women with co-occurring morbidities, particu-
larly IT and SA, should be incorporated into reproductive and
perinatal health programs.

Keywords Intentional injury - Mental illness - Substance
abuse - Pregnancy - Co-morbidities

Introduction

Mental illness (MI), substance abuse (SA), and intentional
injury (II) are well-established risk factors for adverse neo-
natal outcomes. Estimating the burden of these conditions
during pregnancy is difficult due to the masking of MI
symptoms by physical complaints of pregnancy; social
stigma; inadequate training of clinical providers on assess-
ment and treatment during pregnancy; and limited screening
tools for use specifically during pregnancy. Additionally,
definitions and diagnostic criteria used in published studies
vary greatly. The prevalence of MI, SA, and II co-morbidity
and their consequences on neonatal outcomes including
preterm birth (PTB) and low birthweight (LBW) have been
studied to a lesser degree. This study examines prenatal
hospital utilization for II among women with MI or SA
during pregnancy and identifies characteristics of women
with these co-morbidities. The interactive associations of MI
or SA and IT on PTB and LBW are also explored.

Individual Risk Factors

MI, and depression in particular, has been studied more
often than II and SA. Some women experience their first
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episode of depression during pregnancy, and pregnant
women with a history of depression are at higher risk of
recurrence or increased severity of their symptoms [1]. An
estimated 20% of women experience depressive symptoms
(first time and recurrent) at some point during pregnancy
[2]. The prevalence of major or minor depression diagnoses
is estimated at 11.0% in the first trimester and 8.5% in the
second and third trimesters [3]. Depression during preg-
nancy is associated with increased risk of PTB, decreased
fetal growth, and LBW [4-9], although definitions and
measurement vary. Studies of perinatal depression include
treated and/or untreated depression, depressive symptoms,
and depression diagnoses with a range of severity. In
addition to depression, anxiety disorders, including panic
disorders, obsessive—compulsive disorders, and post-trau-
matic stress disorder (PTSD), are also associated with poor
neonatal outcomes [4, 6, 10].

Rates of serious MI during pregnancy, while low, are of
concern given their association with adverse outcomes and
the effects of psychotropic medication use or discontinua-
tion during pregnancy. In a population-based study of
pregnant women in Sweden, the prevalence of preexisting
schizophrenia was 0.13%, and a significant association
with stillbirth, infant death, PTB and LBW was observed
[11].

Prenatal estimates of SA also vary by assessment
methods (e.g., maternal report, urine test). The 1992
National Pregnancy and Health Survey found the preva-
lence of any illegal drug use during pregnancy to be 5.5%
[12]. In the 2004-2005 National Survey on Drug Use and
Health, 3.9% of pregnant women aged 15-44 years
reported using illicit drugs in the past month, a rate sig-
nificantly lower than that reported by non-pregnant women
in the same age group (9.9%). While an estimated 12.1% of
pregnant women reported alcohol use and 3.9% reported
binge drinking, the rate of heavy drinking reported during
pregnancy was 0.7% [13]. Prenatal alcohol abuse has been
linked to fetal alcohol syndrome, poor cognitive and
behavioral outcomes, developmental delays, PTB and
LBW [14]. Illicit drug use during pregnancy is associated
with PTB, LBW, small head circumference, miscarriage,
genitourinary infection, congenital malformations, IUGR,
nervous system damage, higher rates of NICU admission
and prolonged maternal and infant hospital stays [12, 15,
16].

Most studies of intentional injury during pregnancy
focus on intimate partner violence (IPV) and report prev-
alence estimates between 3.9 and 8.3%; Il estimates overall
however, range from 0.9 to 20.1% [17]. Although popu-
lation-based studies of IPV during pregnancy are rare, a
recent study found that 13.6% of women had at least one
hospital visit for a pregnancy-associated injury; 1% of
these visits were for II [18]. There is substantial research on
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the consequences of violence during pregnancy. A sys-
tematic review of the effects of physical violence on
pregnancy outcomes found an increased likelihood for
kidney infections, operative delivery, inadequate weight
gain, LBW, PTB, SGA, fetal death, and maternal mortality
[19].

Co-morbid Risk Factors

MI, SA, and II often co-occur during pregnancy; however,
there is little research on the intersection and relationships
among these co-morbidities, particularly between MI
and II.

A study on co-morbidities examined MI/II and SA/II in
a prospective cohort of primarily minority low-income
women [20]. The researchers found that women experi-
encing violence during pregnancy were more likely to have
a history of depression, suicide attempts, heavy alcohol
use, and heavy illicit drug use, and a weak association
between violence and poor neonatal outcomes was repor-
ted. A later study also found that women experiencing
physical violence during pregnancy were more likely to use
alcohol and illicit drugs [21].

A number of studies conducted in the late 1990s and
early 2000s examined SA and II. Martin et al. [22] sur-
veyed 2,000 prenatal patients and found that victims of
violence were more likely than non-victims to engage in
SA throughout pregnancy. Conversely, a 1998 study of 84
low-income women enrolled in a prenatal SA program
found no significant difference in prevalence of SA
between women with and without a history of exposure to
violence [23]. A study of 703 pregnant adolescents found
that those who used illicit drugs during pregnancy were
more likely to experience physical abuse than non-users.
Alcohol users were also more likely to be victims of
physical violence than non-users [24].

Horrigan et al. [25] studied 271 prenatal patients in
Ohio. Women with SA were more likely to have a history
of depression and exposure to violence. Velez et al. [26]
found that, among 715 pregnant substance-abusing women,
20% had experienced physical abuse at some point during
their lives. However, a study of 207 Swedish pregnant
women found no association between SA and violence
during pregnancy [27].

Looking at all three risk factors, Tuten et al. [28]
observed that substance-dependent pregnant women cur-
rently experiencing violence were significantly more likely
to have lifetime drug use, current major depression, and
other MI (e.g., schizophrenia, paranoia) compared to sub-
stance-dependent pregnant women not currently experi-
encing violence. Bacchus [29] examined the prevalence of
domestic violence and its associations with obstetric
complications, psychological health, and drug use among
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100 pregnant and postpartum women. While no association
between a history of domestic violence and drug use was
found, higher depression scores were associated with a
history of violence. Domestic violence history and high
depression scores were also associated with obstetric
complications.

Studies of low-income women in Brazil found a sig-
nificant relationship between MI and II during pregnancy.
In one study (n = 204) there was a strong association
between violence during pregnancy and depression [30].
Another study (n = 930) found that women experiencing
lifetime violence and/or violence during pregnancy were
more likely to have MI, compared to women without any
exposure to violence. Violence during pregnancy and MI
had significant independent effects on LBW [31].

Rosen et al. [32], using data from the first three waves of
the Women’s Employment Study, examined the effects of
prenatal mental health and exposure to violence on LBW
for 148 welfare recipients in Michigan. After controlling
for other factors, exposure to violence and MI (PTSD and/
or depression) were significant predictors of LBW. The
combination of MI and violence was also significantly
associated with LBW.

Most recently, Rodriguez et al. [33] interviewed 210
pregnant Latina women in Los Angeles to examine factors
related to prenatal depression, PTSD, and IPV. IPV was
significantly associated with depression, but not PTSD.

Overall, the literature on the relationship of these co-
morbid factors is based on cross-sectional studies using
surveys and questionnaires with relatively small sample
sizes and different assessment methods (Table 1). Preva-
lence estimates of individual and combined risk factors as
well as the strength of their association with neonatal
outcomes vary considerably.

The purpose of this study was to contribute to the lit-
erature on the co-morbidity of MI, SA and II as risk factors
for adverse perinatal outcomes. We examined the follow-
ing questions: Among women giving birth in Massachu-
setts, what is the prevalence of hospital utilization for II
during pregnancy for women with MI or SA? What are the
characteristics of women hospitalized during pregnancy
with these co-morbidities? Is there an interactive effect of
I and MI or SA on PTB and LBW?

Research Design and Methods

Data Set

Data were derived from the Massachusetts Pregnancy to
Early Life Longitudinal (PELL) data system. PELL is a

unique, population-based data system, with multiple linked
data sets allowing cross-sectional and longitudinal

analyses. Using deterministic and probabilistic methods,
PELL links birth certificates and fetal death reports to the
delivery-related hospital discharge records of mothers and
live born infants. This core data set is then linked to
maternal hospital utilization records for inpatient, emer-
gency department (ED) or observation stay (OS, less than
24 h) visits that occurred prenatally and postpartum. For
this study, the 16 available diagnosis fields on each hospital
utilization record for hospital visits (inpatient, ER, and OS)
occurring during pregnancy were examined. Detailed
information on the PELL linkage methodology has been
published elsewhere [34].

Hospital utilization data were provided by the Massa-
chusetts Division of Health Care Finance and Policy and
birth certificate data were provided by the Massachusetts
Department of Public Health Registry of Vital Records and
Statistics.

Study Design and Inclusion Criteria

This retrospective cohort study included Massachusetts
resident women with in-state live births greater than
20 weeks gestation or weighing over 350 g, whose preg-
nancies began after September 30, 2001 and whose first
postpartum year ended before December 30, 2004. The
final study population included 176,845 women.

Study Variables

MI and SA diagnoses were identified with ICD-9 and
E-codes using the Agency for Health Care Research and
Quality Mental Health Substance Abuse Clinical Classifi-
cation Software (CSS-MHSA). SA diagnoses included the
use of both legal drugs, including alcohol, and illegal
drugs.

IT diagnoses were identified with ICD-9 and E-codes. II
includes both self-inflicted and other-inflicted injuries. The
ICD-9 diagnostic codes 800-999.99 indicate the type of
injury and sometimes location on the body [35]. The
E-code supplementary classification of external causes of
injury and poisoning indicate intent and the cause of the
injury, if known. Late effects of injuries, adverse drug
effects, and medical care-related injuries were excluded.
E-codes were available for 95.8% of injury hospitalizations
records [18].

PTB was defined as less than 37 weeks and LBW was
defined below 2,500 g. Independent variables that were
known to be associated with the birth outcomes of interest
were examined, including maternal age, race/ethnicity,
delivery payer, maternal education, marital status, parity,
smoking (any smoking during pregnancy). Delivery payer
source was obtained from the hospital discharge data at
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Table 1 : Assessment tools used in reviewed studies, by risk factor®

Assessment tool

Risk factor assessed

Violence assessment

Abuse assessment screen (AAS) [24, 29, 33]

Californian perinatal assessment [31]

Conflicts tactics scale (CTS) (modified) [32]

Conlflicts tactics scales 2 [21]

Severity of violence against women scale (SVAW) [27]
Social service review questionnaire (SSR) [25]

Violence exposure questionnaire (VEQ) [26]

Women’s psychosocial history [28]

Substance use assessment

Addiction severity Index (ADI) [28]

Michigan alcohol screening test and drug abuse screening tests [21]
Substance abuse subtle screening inventory (SASSI) [25]

University of michigan composite international diagnostic
interview (UM-CIDI) [32]

Mental illness assessment

Beck depression inventory fast screen (BDI-FS) [33]

Center for epidemiological studies—depression scale (CES-D) [20]
Composite international diagnostic interview (CIDI) [30, 31]
Edinburgh postnatal depression scale (EPDS) [29]

Minnesota multiphasic personality inventory-2 (MMPI-2) [28]
PTSD checklist, civilian version (PCL-C) [33]

Structured clinical interview for DSM-III-R (SCID) [28]

Symptom check list-90 (SCL-90) [23]

University of michigan composite international diagnostic
interview (UM-CIDI) [32]

Exposure to violence (time period assessed varied by study)b
Current and lifetime exposure to violence®

Exposure to violence during pregnancy®

Exposure to violence during pregnancy®

Exposure to violence during pregnancy’

History of exposure to violence

Lifetime exposure to violence®

Exposure to violence during pregnancyf

Addiction severity before and during pregnancy’
Alcohol and drug abuse before and during pregnancy®
Substance abuse during pregnancy’

Substance abuse during pregnancy”

Depression during pregnancy”

Depressive symptoms during pregnancy”
Mental illness during the year prior to delivery'
Postpartum depression’

Mental health symptoms during pregnancyf
PTSD during pregnancy’

Axis 1 disorders during pregnancy®

Mental health symptoms during pregnancy’

Mental health disorders during pregnancy®

* Not all reviewed studies are included in this table, as some used interview only (no established assessment tool) or did not describe the

assessment method

° Timing varied by study: Bacchus et al.: Prenatal and postpartum; Martin et al.: Prenatal; Rodriguez et al.: Prenatal

¢ Postpartum (4-48 h after delivery)

9 Postpartum (most recent birth within 5 years)
¢ Prenatal (6 or 7th month)

T Prenatal

& Prenatal (most women interviewed during second trimester)

" Prenatal and postpartum

! Timing varied by study: Lovisi et al.: Prenatal (third trimester); Ferri et al.: Postpartum (4—48 h after delivery)

delivery; birth certificate data was used if discharge
insurance information was not available. Birth certificate
data was used for all other socioeconomic descriptors of
the study population.

Analytic Strategy

Univariate and bivariate analyses were run for all maternal
variables to examine distributions and assess for con-
founding. Logistic regression calculated unadjusted and
adjusted odds ratios (ORs) for the independent and joint
associations of MI, SA, and II with PTB and LBW.
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Separate models were used to estimate these associations.
The model for the MI, SA and II analyses controlled for
maternal age, race/ethnicity, payer, marital status, and
smoking during pregnancy; additionally, the model for MI/
II analysis controlled for SA and the model for SA/II
analysis controlled for MI.

Statistical analyses employed SAS Version 9.3 software
(SAS Institute, Cary, NC, USA). The study was approved
by the Massachusetts Department of Public Health
Research and Data Access Review Committee/Institutional
Review Board (IRB), the Northeastern University IRB, and
the University of Massachusetts Lowell IRB.
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Results

During the study period, 176,845 Massachusetts women
had one or more live births; approximately 7% of those
births were LBW and 10% were preterm. A total number of
120,379 hospital visits during pregnancy occurred during
the study period. Selected demographics for the entire
study population, as well as by type of hospital visit, are
presented in Table 2. The majority of the study population
was older than 30 years (56% of births were 30 years or
older), educated (65% of women had more than a high
school education), married (72.5%), non-smokers (85.4%),
and primarily non-Hispanic white (71.5%). Women with at
least one visit for MI, SA, or II were significantly younger,
less likely to have more than a high school education or to

be married, and more likely to have public insurance and to
smoke than women without visits. Women with at least one
SA or II visit were also less likely to be non-Hispanic
white. Demographics for women with self-inflicted versus
other-inflicted injury were not significantly different.

A total of 2,208 women (1.3%) had a hospital visit
during pregnancy for MI, 834 (0.5%) for SA, and 847
(0.5%) for II. Slightly less than 3% of the total hospital
visits during pregnancy were for MI; 1.2% for SA and
0.8% for II (Table 3).

Tables 4 and 5 present unadjusted odds ratios and
highlight the co-occurrence of MI, SA, and II visits.
Among the 847 women with II visits, 163 (19%) also had a
prenatal MI visit. Demographics and unadjusted ORs for
women with both II and MI visits are presented in Table 4.

Table 2 Distribution of study variables overall and by hospital visit type

Overall study

By visit type

population - — -
(N = 176,845) At least one prenatal hospital visit for:
Mental illness (MI) Substance abuse Intentional injury No MI, SA, or I
(n =2,208) (SA) (n=834) (II) (n = 847) (n = 173,480)

Characteristic %
Maternal Hispanic 12.3 17.9 16.0 28.3 12.1
race/ethnicity White, non-hispanic ~ 71.5 66.3 69.3 43.8 71.8
Black, non-hispanic 7.4 10.9 12.2 22.6 73
Asian/pacific islander 6.7 2.1 0.7 1.7 6.8
Other 2.0 2.9 1.8 3.7 2.0
Maternal age, years <20 5.9 12.3 8.6 26.8 5.7
20-24 15.0 27.6 29.4 38.7 14.7
25-29 23.1 23.6 25.5 19.7 23.1
30-34 333 20.5 20.1 8.7 33.6
35+ 22.7 16.0 16.4 6.1 229
Maternal education <HS 11.9 27.6 38.8 40.3 11.5
HS 22.9 343 37.0 37.0 22.7
>HS 65.2 38.2 24.2 22.8 65.8
Payer Private/other 67.5 30.8 10.7 12.0 68.4
Public 325 69.2 89.3 88.0 31.6
Marital status Married 72.5 40.4 18.5 16.8 73.2
Not married 27.5 59.6 81.4 83.2 26.8
Parity Nulliparous 44.4 433 355 474 44.5
Multiparous 55.6 56.7 64.5 52.6 55.5
Smoking Yes 14.6 37.0 63.8 35.1 14.1
No 85.4 63.0 37.2 64.9 85.9
Low birth weight Yes 6.5 13.6 254 13.2 6.9
(<2,500 g) No 93.5 86.4 74.6 86.8 93.2
Preterm birth Yes 10.0 16.2 20.9 14.6 9.8
(<37 weeks) No 90.0 83.9 79.2 85.4 90.2

* Mental illness, substance abuse, and intentional injury visit types are not mutually exclusive

" All relationships of the diagnosis and characteristics, compared to the overall study population without MI, SA and II (not shown) are
statistically significant at p < .05, except for race/ethnicity and MI, all three visit types and parity, and LBW and II
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Table 3 Number and percent of women with hospital visits for
mental illness, substance abuse, or intentional injury during preg-
nancy (n = 3,365) and total number and percent of visit types
(n = 4,900)*

Women Visits

N % N %
Mental illness 2,208 1.3 3,096 2.6
Anxiety disorders 1,049 0.6 1,285 1.1
Mood disorders 1,229 0.7 1,735 1.4
Bipolar affective disorder 232 0.1 344 0.3
Depression 1,078 0.6 1,425 1.2
Substance abuse disorder 834 0.5 1,473 1.2
Intentional injury 847 0.5 931 0.8
Other-inflicted 760 0.4 829 0.7
Self-inflicted 94 0.1 102 0.1

4 Mental illness, substance abuse, and intentional injury visit types
are not mutually exclusive

These women were more likely to be Hispanic or non-
Hispanic black, younger, unmarried, have less than a high
school education, use public insurance, and smoke than
women without II/MI visits (Table 4). Eight percent
(n = 69) of women with a hospital visit during pregnancy
for II also had a visit for SA; these demographics and
unadjusted ORs are shown in Table 5. In all racial/ethnic
groups, women who had hospital visits for SA and II were

more likely to be young, unmarried, have a high school or
less education, use public insurance, and smoke than
women without SA/II visits. Finally, 6% (n = 49) of the
women with II had both an MI and SA visit during the
prenatal period (data not shown).

Table 6 presents the association of each risk factor (MI,
SA, and II) with LBW and PTB. Women with co-mor-
bidities of SA and II compared to women with neither had
both higher odds of PTB (OR 2.7 95% CI 1.3-5.7) and
LBW birth (OR 5.3 95% CI 3.9-7.3). An association was
not observed between the co-morbidity of MI and II and
PTB (OR 1.2, 95% CI 0.7-2.0) or LBW (OR 1.3, 95% CI
0.8-2.2).

Discussion

While consistent with other studies in confirming prenatal
MI, SA, and II as risk factors for LBW and PTB, our
findings highlight the significance of the co-occurrence of
these factors. A small but important number of women
experienced more than one of these risk factors during
pregnancy. Women with co-occurring risk factors were
more likely to be less educated, unmarried, and publicly
insured than their counterparts without co-morbid diagno-
ses. Women hospitalized with diagnoses of both MI and
IT during pregnancy were more likely to be Hispanic or

Table 4 Characteristics of
study population with at least
one mental illness and one

Characteristic

intentional injury visit during

a Maternal race/ethnicity
pregnancy (n = 163)

Maternal age, years

Maternal education

Payer
* Due to missing data, some Marital status
categories have less than 163
women
‘ . Pari
" Cell sizes are suppressed for arity
less than 7 according to data
requirements from the Division Smoking
of Health Care Finance and
Policy

N (%) Unadjusted odds
ratio (95% CI)

White, non-Hispanic 87 (53) ref
Hispanic 45 (28) 3.0 (2.1-4.3)
Black, non-Hispanic 22 (14) 2.4 (1.5-3.9)
Asian/Pacific Islander * *
Other * *
25-29 29 (18) ref
<20 35 (21) 4.8 (2.9-7.8)
20-24 68 (42) 3.6 (2.3-5.6)
30-34 22 (14) 0.5 (0.3-0.9)
35+ 9 (5) 0.3 (0.1-0.7)
>HS 40 (25) ref
<HS 66 (41) 9.1 (6.1-13.4)
HS 56 (35) 4.0 (2.7-6.0)
Private/Other 21 (13) ref
Public 142 (87) 14.1 (8.9-22.3)
Married 37 (23) ref
Not married 126 (77) 13.2 (11.0-15.9)
Nulliparous 76 (47) ref
Multiparous 86 (53) 0.9 (0.7-1.2)
No 100 (61) ref
Yes 63 (39) 3.7 (2.7-5.1)
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Table 5 Characteristics of

. . Characteristic N (%) Unadjusted odds
study population with at least ratio (95% CI)
one substance abuse and one 7
intentional (m]ury6;;§1t during Maternal race/ethnicity White, non-hispanic 52 (75.4) ref

regnancy (n =
pregnancy Hispanic 10 (14.5) 1.1 (0.6-2.2)
Black, non-hispanic 7 (10.1) 1.3 (0.6-2.8)
Asian/pacific islander 0 -
Other 0 -
Maternal age, years 25-29 15 (21.7) ref
<20 9 (13.0) 2.4 (1.0-5.4)
20-24 24 (34.8) 2.5 (1.3-4.7)
30-34 11 (15.9) 0.5 (0.2-1.1)
35-39 10 (14.5) 0.7 (0.3-1.6)
Maternal education >HS 15 (22.1) ref
<HS 24 (35.3) 8.8 (4.6-16.7)
HS 29 (42.7) 5.5 (3.0-10.3)
Payer Private/other * ref
Public 63 (91.3) 21.9 (9.5-50.5)
o Marital status Married 15 (22.1) ref
Due to missing data, some Not married 53 (77.9) 9.3 (5.2-16.5)
categories have less than 69 ) )
women Parity Nulliparous 28 (41.8) ref
* Cell sizes are suppressed for Multiparous 39 (58.2) 1.1 (0.7-1.8)
less than 7 according to data Smoking No 30 (43.5) ref
requirements from the division Yes 39 (56.5) 7.6 (4.7-12.3)

of health care finance and policy

Table 6 Adjusted odds ratios of mental illness, substance abuse, and
intentional injuries for low birth weight and preterm birth

Low birth weight Preterm birth
aOR (95% CI) aOR (95% CI)

Mental illness® 1.6 (1.4-1.8) 1.6 (1.4-1.9)
Substance abuse® 3.8 3.1-4.7) 2.2 (1.8-2.8)
Intentional injury® 1.4 (1.1-1.8) 1.3 (1.1-1.7)
Mental illness/Intentional injuryb 1.3 (0.8-2.2) 1.2 (0.7-2.0)
Substance abuse/Intentional 5.3 (3.9-7.3) 2.7 (1.3-5.7)

injury®

? Adjusted for age, race, payer, marital status, smoking

b Adjusted for age, race, payer, marital status, smoking, substance
abuse

¢ Adjusted for age, race, payer, marital status, smoking, mental
illness

non-Hispanic black, while women hospitalized with both
SA and II had an increased risk of LBW and PTB.
Existing studies on the intersection of MI, SA, and II
tend to be cross-sectional surveys or interviews, with small
samples. To our knowledge, there are no published studies
that examine these co-morbidities using longitudinal hos-
pital or population-based data. This study examines the
reproductive outcomes of women with co-morbid MI, SA,
and II as coded on hospital visits in the PELL data system,
and contributes to the existing research on hospital

utilization for and outcomes related to these co-occurring
risk factors. While the rates of diagnoses and hospitaliza-
tions reported here are generally lower than those found in
other studies, the findings reinforce the need for increased
awareness and treatment of co-morbidities during
pregnancy.

This study illustrates how longitudinally linked data are
useful for examining risk factors and combinations of risk
factors and their associations with adverse birth outcomes.
The redundancy provided by longitudinal data improves
the identification of medical conditions. Use of adminis-
trative data in a study of substance abuse, mental illness
and injury avoids the risk of recall bias and social desir-
ability bias. Combining statewide hospital utilization data
over multiple years allowed for sufficient sample size to
conduct multivariate analyses and assess the independent
as well as joint effects of the variables of interest.

Despite its strengths, the study has a few limitations.
First, this study severely underestimates the prevalence of
MI, SA, and II during pregnancy. The PELL dataset only
includes acute hospital visits; no data are included for
ambulatory care or regular prenatal care visits. These acute
hospital visits may represent only the most severe cases of
these diagnoses or those women for whom hospital care,
rather than ongoing care in another setting, may be the only
option. Cultural or socioeconomic issues may also influ-
ence whether or not a woman decides to seek treatment as
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well as how her symptoms of MI or violence are presented,
perceived, or diagnosed by the physician. Additionally, the
hospital data give no indication of whether the woman was
receiving treatment for her MI or SA issues.

Second, coding practices may differ among providers
and hospitals, thereby potentially affecting the counts of all
three diagnoses. Hospital discharge data vary in quality and
consistency [36]. E-coding, in particular, is problematic
[37]. Methods for screening and documenting II also vary
greatly among hospitals [35]. It is unclear if these differ-
ences would have a differential impact on the results of this
study.

Third, although frequently used in the literature as a
marker of infant and maternal health, assessment of
gestational age to determine PTB poses methodological
challenges. The PELL dataset contains a variable for cal-
culated gestational age that is based on the date of last
menstrual period as indicated on the birth certificate. If this
value is not available, the gestational age is generated from
the clinical estimate on the birth certificate. There is
potential for error in both of these methods of estimation
[38]. However, it is not likely that error in assessment for
gestational age would have biased the results of this study,
as there is not known to be differential classification based
on MI, SA or II status.

Fourth, while combining self-inflicted and other-inflic-
ted injury groups increased our sample size and the power
of the study, the groups may have differed in ways that
were not measured. However, the two groups were com-
pared on maternal characteristics and the outcomes of
interest and they were not significantly different.

Fifth, there are many factors that contribute to PTB and
LBW that were not examined in this study; it is possible
that other maternal or fetal conditions may have influenced
the adverse neonatal outcomes.

Finally, this study may not be generalizable outside of
Massachusetts as its unique health care system may have
influenced emergency department usage. Massachusetts
also has a greater majority of white residents and a lower
poverty rate than the U.S. overall [39, 40].

Despite study limitations, clearly MI, SA and II diag-
noses and hospital visits for both independently and co-
occurring are associated with poor neonatal outcomes.
Identifying and addressing these risk factors during preg-
nancy should be a priority across disciplines. This study
found that women with co-morbid diagnoses were dispro-
portionately disadvantaged; they were far more likely to be
on public insurance than private, and to have lower edu-
cational attainment than that of women giving birth without
co-morbid diagnoses. Previous studies have determined
that low SES is a risk factor for MI, SA, and II [32, 41].
The fact that these women may face barriers to screening
and treatment and likely have other risk factors beyond
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those studied here, underscores the
addressing these conditions.

While this study supports the existing literature on MI,
SA, and II diagnoses as risk factors for LBW and PTB, it
also demonstrates the increased likelihood of adverse
neonatal outcomes is higher in women with both prenatal
SA and II. Given the significant findings in the association
of the three individual risks factors with LBW and PTB,
but the not significant finding of the association of MI/II
and LBW and PTB, it is likely that substance abuse is
driving the odds ratios. Although a small sample, women
affected by the co-morbidities of MI or SA and 1II in this
study are disadvantaged compared with women without
these co-morbidities. Programs seeking to improve neo-
natal outcomes often approach MI, SA and II as indepen-
dent and single risk factors. Current methods of service
delivery are often siloed and fragmented with limited
“cross-training” among multi-disciplinary providers [42].
Strategies are needed to identify and assist women with co-
morbidities of MI, SA and II. Most treatment settings for
MI or SA do not routinely assess women for trauma [43].
However, even if treatment facilities provide both mental
health and SA services, only 32-37% of these providers,
excluding facilities operated by tribal governments, also
offer domestic violence services [44].

Raising awareness of the co-occurrence of these risk
factors is critical to promoting the overall and reproductive
health of women. Likewise, an increased focus on multi-
disciplinary provider training, along with comprehensive
and integrated screening for MI, SA and II in primary care
is warranted for all women of childbearing age, but espe-
cially pregnant women. The current system of case man-
agement services for high-risk pregnant women and
families might serve as a good point of entry in imple-
menting such an approach.

importance of
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