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Background: Motor vehicle crashes are a leading cause of serious trauma during pregnancy, but
little is known about their relationships with pregnancy outcomes.

Purpose: To estimate the association between motor vehicle crashes and adverse pregnancy
outcomes.

Methods: A retrospective cohort study of 878,546 pregnant women, aged 16–46 years, who
delivered a singleton infant in North Carolina from 2001 to 2008. Pregnant drivers in crashes were
identified by probabilistic linkage of vital records and crash reports. Poisson regression modeled the
association among crashes, vehicle safety features, and adverse pregnancy outcomes. Analyses were
conducted in 2012.

Results: In 2001–2008, 2.9% of pregnant North Carolina women were drivers in one or more
crashes. After a single crash, compared to not being in a crash, pregnant drivers had slightly elevated
rates of preterm birth (adjusted rate ratio [aRR]¼1.23, 95% CI¼1.19, 1.28); placental abruption
(aRR¼1.34, 95% CI¼1.15, 1.56); and premature rupture of the membranes (PROM; aRR¼1.32, 95%
CI¼1.21, 1.43). Following a second or subsequent crash, pregnant drivers had more highly elevated
rates of preterm birth (aRR¼1.54, 95% CI¼1.24, 1.90); stillbirth (aRR¼4.82, 95% CI¼2.85, 8.14);
placental abruption (aRR¼2.97, 95% CI¼1.60, 5.53); and PROM (aRR¼1.95, 95% CI¼1.27, 2.99).
Stillbirth rates were elevated following crashes involving unbelted pregnant drivers (aRR¼2.77, 95%
CI¼1.22, 6.28) compared to belted pregnant drivers.

Conclusions: Crashes while driving during pregnancy were associated with elevated rates of
adverse pregnancy outcomes, and multiple crashes were associated with even higher rates of adverse
pregnancy outcomes. Crashes were especially harmful if drivers were unbelted.
(Am J Prev Med 2013;45(5):629–636) & 2013 American Journal of Preventive Medicine
Introduction
Trauma during pregnancy is a leading cause of
maternal and fetal morbidity and mortality. In
the U.S., it has been estimated that up to 7% of

all pregnancies are complicated by traumatic injury.1

Blunt abdominal trauma is of particular concern to a
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pregnant woman and her fetus since it can directly and
indirectly harm fetal organs as well as shared maternal
and fetal organ systems. Direct fetal injury can include
splenic rupture, skull fractures, and brain injury; direct
harm to shared organs and systems includes placental
abruption, uterine rupture, and amniotic rupture.2–4

Fetuses also may be vulnerable to indirect effects of
trauma, such as an increased risk of spontaneous preterm
birth or low birth weight resulting from premature labor,
with consequences that can have long-term effects.4,5

Motor vehicle crashes are responsible for most hospi-
talized trauma during pregnancy, but little is known
about their impact on fetal morbidity and mortality.4–9

Although several case reports have quantified the effect
of crashes on individual fetal outcomes,10–12 population-
based studies are few, largely because of the lack of
standardized reporting of pregnancy-associated crashes
and crash-related fetal outcomes. State motor vehicle
vier Inc. Am J Prev Med 2013;45(5):629–636 629
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crash reports do not routinely report pregnancy status or
crash-related fetal deaths, and pregnancy records often
lack information on crash history.
To overcome these limitations, researchers have used

record linkage methods to match vital records and crash
reports in order to examine the association between
police-reported crashes and adverse fetal outcomes. Only
three linkage studies have been conducted and all have had
relatively small study populations.13–15 In addition, only
one study compared fetal outcomes for pregnant women
in crashes to those not in crashes,13 and no studies have
examined the dose–response effects of multiple crashes on
pregnancy outcomes. Population-based studies with larger
sample sizes are needed to more precisely estimate the
effect of multiple crashes and vehicle safety features on
pregnancy outcomes. The objective of this study was to use
a large cohort of pregnant women from North Carolina to
estimate the association among crashes, seat belt use,
airbag availability, and selected adverse fetal outcomes and
obstetric conditions.

Methods
Study Population

This retrospective cohort study examined 878,546 pregnant North
Carolina residents, aged 16–46 years, who reached the 20th week
of pregnancy and delivered a live or stillborn singleton infant
between January 1, 2001, and December 31, 2008. These women
completed a total of 115,797,259 pregnancy days following the
20th week of pregnancy. They were identified from live birth and
fetal death records (n¼993,274). Pregnancies that did not reach
the 20th week were excluded because fetal deaths occurring before
20 weeks are not reported in North Carolina vital records. Records
were excluded for women aged o16 years (n¼7075) because
driver crashes in this pre-licensure age group are rare and for
women older than 46 years at delivery (n¼237) and those with
multiple gestation deliveries (n¼33,360) because older maternal
age and multi-fetal gestation are associated with a higher risk of
adverse pregnancy outcomes. Records with missing data for at
least one of the following were removed: mother’s age, multiple
gestation status, or gestational age at delivery (n¼603). Records
were also excluded for 73,453 pregnant women who did not meet
at least one of the cohort inclusion criteria, including those who
completed 20 or more weeks of pregnancy before January 1, 2001
(n¼40,014); became pregnant less than 45 weeks before January 1,
2009 (n¼14,032); were aged o16 years after the 20th week of
pregnancy was completed (n¼3093); delivered a live-born infant
before the 20th week of pregnancy (n¼455); or were nonresidents
of North Carolina (n¼17,151). These inclusion criteria are not
mutually exclusive; thus, some records are counted in multiple
categories.

To determine if pregnant women were drivers in motor vehicle
crashes, individual vital records were probabilistically linked to
state crash records using mother’s first, middle, and last names;
date of birth; race; and residential county. Passengers and
unlicensed North Carolina drivers in crashes could not be linked
to vital records because the crash reports contained identifying
information only for licensed drivers. Linked record pairs were
ranked from highest to lowest based on their match weights and
probabilities. The expected number of false positives was estimated
for each pair by summing 1-match probability. A false positive rate
of 1% was selected a priori and matched pairs were selected one by
one until this desired rate was obtained. The median match
probability was 0.9999 with an interquartile range of 9.88 X 10–4.
This linkage was performed in 2010–2011 using LinkSolv gener-
alized linkage software (Strategic Matching Inc.).

Measures

Motor vehicle crashes. Amotor vehicle crash was defined as a
crash that involved a North Carolina licensed female driver of a
motor vehicle or passenger truck. Crash reports are completed by
police officers if the crash occurred on a public roadway and resulted
in at least one of the following: fatality or nonfatal personal injury to
any vehicle occupant, total property damage greater than $1000, or
property damage of any amount to a vehicle seized. A woman could
be a driver in more than one crash during the same pregnancy.
Motor vehicle crashes were classified into three categories according
to the number of crashes a woman experienced during each
pregnancy (no crashes, first, and second or subsequent crashes).

Vehicle safety features. Belt use was defined as shoulder and/
or lap belt use as reported by the investigating officer at the crash
scene. Police officers also reported whether or not a motor vehicle
was equipped with an airbag at the time of the crash and whether or
not it deployed. In this study, airbag availability was classified as
equipped and not equipped, regardless of deployment status.

Pregnancy outcomes. Preterm birth was defined as a live
birth that occurred between 20 and 37 weeks of gestation. To
determine if a birth was preterm, gestational age was estimated
using the National Center for Health Statistics’ method for
estimating gestational age in U.S. vital statistics.16,17 This method-
ology relies primarily on the self-reported date of the last
menstrual period (LMP). For records that were missing the LMP
date or had an implausible gestational age when compared to birth
weight, the clinical estimate was used (n=51,593 or 5.2%). If
records were missing the LMP-based and clinical estimates, the
physician’s estimate (estimated from pregnancy history, early
ultrasound, or examination), which is reported only on fetal death
records, was used for stillbirths (n=531, o0.1%). Records missing
all values were excluded (n=481, o0.1%).
Stillbirth was defined as an intrauterine death that occurred after

the 20th week of gestation. Stillbirth status, excluding induced
abortions, was determined by hospital administrators, physicians,
and medical examiners.
Obstetric complications, as recorded on the live birth and fetal death

certificates, were placental abruption (i.e., separation of the placenta
from the uterus during pregnancy) and premature rupture of the
membranes (PROM) (i.e., spontaneous rupture of the amniochorionic
membrane occurring 12 or more hours before the onset of labor).

Covariates. Potential covariates included maternal age, mater-
nal race, and Hispanic ethnicity (categorized as non-Hispanic
white, non-Hispanic black, other non-Hispanic race, and His-
panic), maternal education, prenatal tobacco use, prenatal alcohol
www.ajpmonline.org
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use, trimester of prenatal care initiation, and parity (defined as
the total number of prior live births). Data for these covariates
were obtained from vital records. Vehicle model year, as indicated
in the crash reports, was selected for examination in the airbag
analysis.
Data Analysis

Poisson regression was used to estimate rate ratios for the
association between crashes and preterm birth, stillbirth, placental
abruption, and PROM.18 Incidence rates were estimated because
they can take into account the variability in the timing of events.
This method accounted for the time-dependent nature of an
exposure (i.e., motor vehicle crashes) that changed over the course
of pregnancy and allowed pregnancy outcomes to be modeled for
pregnancies with varying lengths, including those with shorter
duration and limited potential for crash exposure. Person-time at
risk was defined as pregnancy days completed after the 20th week.
Because the number of crashes was modeled as a time-dependent
exposure, an individual woman could contribute time to more than
one crash exposure category if she was a driver in more than one
crash during the same pregnancy. Tests for trend were conducted by
modeling the number of crashes as a continuous variable.
Rate ratios also were estimated for the association among seat

belt use, airbag availability, and pregnancy outcomes only among
pregnant drivers in crashes. For pregnant drivers who were in at
least one crash before the 20th week, person-time at risk was
defined as pregnancy days completed after the 20th week. For
those in crashes only after the 20th week, person-time at risk was
defined as pregnancy days completed after the first crash. Vehicle
safety features were modeled as time-dependent exposures; thus,
an individual woman could contribute time to more than one
exposure category if she was in more than one crash.
Incidence rates were defined as the number of events (i.e., preterm

birth, stillbirth, placental abruption, or PROM) divided by the total
person-time at risk (counted in pregnancy days), within each
exposure category. For preterm birth rates, only live births and
pregnancy days occurring between 20 and 37 weeks were counted.
Rates for all other outcomes included all events and days that occurred
after the 20th week. Rate ratios for the crash analysis were adjusted for
covariates identified a priori from the literature13,19 as being associated
with crashes and adverse pregnancy outcomes, including maternal
age; prenatal tobacco use; prenatal alcohol use; trimester of prenatal
care initiation (modeled as a time-varying covariate); and parity. Rate
ratios for the seat belt analysis were adjusted for maternal age and
prenatal care initiation; rate ratios for the airbag analysis were adjusted
for maternal age, seat belt use, and vehicle model year. All analyses
were conducted in 2012. This study was approved by the institutional
review board at the University of North Carolina at Chapel Hill.

Results
Study Population
There were 25,168 pregnant North Carolina women who
were licensed drivers involved in one ormore crashes during
pregnancy in 2001–2008 (2.9%); 24,399 women were drivers
in only one crash (2.8%) and 769 were in two or more
crashes during the same pregnancy (0.1%). A high propor-
tion of pregnancy-time following the first crash was among
November 2013
women who were aged 18–34 years, non-Hispanic white,
high school graduates, married, non–tobacco users, non-
drinkers, early initiators of prenatal care, and primiparas
(Table 1). The distribution of pregnancy-time following the
second or subsequent crashes was similar for most maternal
characteristics, with the exception of age and marital status,
where a high proportion of pregnancy-time was among
women who were aged 18–24 years and unmarried.

Crashes and Pregnancy Outcomes
Between 2001 and 2008, there were 100,515 preterm
births (11.4%) and 5447 stillbirths (0.6%) that occurred
among pregnant women in the study population
(Table 2). Pregnant drivers had elevated rates of preterm
birth following their first crash, compared to no crashes.
The highest rates were observed following their second or
subsequent crashes. Each additional crash (i.e., an
increase of one crash in the exposure measure) was
associated with an increased rate of preterm birth
(adjusted rate ratio¼1.23, 95% CI¼1.19, 1.28). Similarly,
pregnant drivers had higher rates of stillbirth following
their first crash, and even higher rates following their
second or subsequent crashes, compared to no crashes.
The estimated rate ratio of stillbirth for each additional
crash was 1.25 (95% CI¼1.07, 1.46).
There were 5866 placental abruption events (0.7%) and

19,721 PROM events (2.2%) that occurred between 2001
and 2008 (Table 2). Pregnant drivers had higher rates of
placental abruption and PROM following their first crash,
compared to no crashes. The highest rates of placental
abruption and PROMwere observed following their second
or subsequent crashes, compared to no crashes. For each
additional crash, the estimated rate ratios for placental
abruption and PROM were 1.39 (95% CI¼1.21, 1.59) and
1.33 (95% CI¼1.23, 1.43), respectively.

Vehicle Safety Features and Pregnancy
Outcomes
Among pregnant North Carolina drivers who were
involved in one or more crashes (n¼25,168), 2% were
reportedly unbelted and 18% were driving in vehicles
without airbags in at least one crash during pregnancy.
Rates of adverse pregnancy outcomes, particularly still-
birth, were higher following crashes among unbelted
pregnant drivers, compared to belted pregnant drivers
(Table 3). Rates of preterm birth and placental abruption
were higher following crashes involving vehicles without
airbags compared to those equipped with airbags.

Discussion
Motor vehicle crashes involving a pregnant driver were
associated with elevated rates of adverse pregnancy



Table 1. Maternal characteristics and pregnancy-time completed after the 20th week, by crash involvement, North Carolina,
2001–2008

No motor vehicle crashes
during pregnancy

First motor vehicle crash
during pregnancy

Second or subsequent motor
vehicle crashes during pregnancy

Pregnancy days % Pregnancy days % Pregnancy days %

Maternal age, years

16–17 3,355,531 3 41,315 2 1,424 2

18–24 39,765,905 35 1,121,819 43 35,226 53

25–34 56,434,076 50 1,173,630 45 24,543 37

Z35 13,583,100 12 255,832 10 4,858 7

Missing 0 0 0 0 0 0

Maternal race and Hispanic ethnicity

Non-Hispanic white 65,297,653 58 1,486,112 57 31,913 48

Non-Hispanic black 25,156,827 22 787,850 30 26,176 40

Hispanic 17,740,392 16 219,940 8 4,895 7

Non-Hispanic other 4,817,986 4 97,708 4 3,067 5

Missing 125,754 o1 986 o1 0 0

Gestational age, weeks

20–27 48,023,344 42 924,075 36 19,791 30

28–32 29,516,522 26 700,060 27 17,669 27

33–36 22,379,033 20 589,464 23 17,128 26

Z37 13,219,713 12 378,997 15 11,463 17

Missing 0 0 0 0 0 0

Maternal education

Less than high school 25,292,305 22 442,135 17 12,099 18

High school graduate 32,822,304 29 896,299 35 26,583 40

Some college 24,856,817 22 685,269 26 18,649 28

College graduate 29,950,877 27 565,743 22 8,534 13

Missing 216,309 o1 3,150 o1 186 o1

Marital status

Married 71,243,242 63 1,384,998 53 26,311 40

Not married 41,891,307 37 1,207,478 47 39,740 60

Missing 4,063 o1 120 o1 0 0

Prenatal tobacco use

Yes 13,278,892 12 360,853 14 10,254 16

No 99,740,283 88 2,229,106 86 55,760 84

Missing 119,437 o1 2,637 o1 37 o1

(continued on next page)
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Table 1. (continued)

No motor vehicle crashes
during pregnancy

First motor vehicle crash
during pregnancy

Second or subsequent motor
vehicle crashes during pregnancy

Pregnancy days % Pregnancy days % Pregnancy days %

Prenatal alcohol use

Yes 530,507 1 10,981 1 0 0

No 112,480,405 99 2,579,104 99 66,014 100

Missing 127,700 o1 2,511 o1 37 o1

Prenatal care initiation

First trimester 93,999,726 84 2,171,528 84 52,771 80

Second trimester 14,725,518 13 335,291 13 10,816 17

Third trimester 1,056,294 1 23,388 1 615 1

None 2,509,613 2 41,982 2 1,304 2

Missing 847,461 o1 20,407 o1 545 o1

Parity

0 46,531,820 41 1,104,430 43 28,053 42

1 37,865,118 33 838,154 32 20,160 31

Z2 28,690,826 25 648,659 25 17,838 27

Missing 50,848 o1 1,353 o1 0 0

Vladutiu et al / Am J Prev Med 2013;45(5):629–636 633
outcomes, including preterm birth, stillbirth, placental
abruption, and PROM. The rates of these outcomes
increased as the number of crashes increased. Although the
strongest associations were observed for stillbirth, less than
1% of pregnancies resulted in this outcome. Only one
previous linkage study has examined the association between
police-reported motor vehicle crashes (any versus none) and
adverse pregnancy outcomes.13 This study found a weak,
positive association between crashes and the risk of preterm
birth (OR¼1.02, 95%CI¼0.94, 1.11) and no association with
placental abruption (OR¼1.00, 95% CI¼0.81, 1.24) among
pregnant women in Utah.13 Weak, positive associations also
were observed for other outcomes, including low birth weight
(OR¼1.03, 95% CI¼0.94, 1.14) and fetal distress (OR¼1.09,
95% CI¼0.98, 1.21).13 The Utah researchers did not report
the association between crashes and the risk of stillbirth or
PROM. The stronger associations observed in this studymay
be due to a larger sample size that was almost three times as
large as the Utah study13 or the higher rate of adverse
pregnancy outcomes among pregnant women in North
Carolina as compared to Utah.20,21

Non–seat belt use and the lack of airbags were associated
with elevated rates of selected adverse pregnancy outcomes.
Most notably, the stillbirth rate following a crash involving
an unbelted pregnant driver was almost three times as high
as the stillbirth rate following a crash involving a belted
November 2013
pregnant driver. There are only two linkage studies that
have examined the effect of crash-related belt use on
selected adverse pregnancy outcomes.13,14 In Washington
State, unbelted pregnant drivers in crashes were at higher
risk of delivering a stillborn infant (relative risk [RR]=4.1,
95% CI=0.8, 20.3) and at lower risk of placental abruption
(RR=0.9, 95%=CI 0.4, 2.2) compared to belted pregnant
drivers.14 The association between belt use and the risk of
preterm birth or PROM was not reported. In contrast to
our findings, in Utah, nonbelt use (versus belt use) was not
associated with preterm birth (OR¼1.00, 95% CI¼0.78,
1.29) and negatively associated with placental abruption
(OR¼0.88, 95%¼CI 0.44, 1.76).13 The association between
belt use and PROM was not reported and fetal death
estimates were limited by small numbers of events. Only
one previous linkage study has examined crash-related
airbag availability and adverse pregnancy outcomes.15 This
study, which included both drivers and front seat passen-
gers, found a weak positive association between airbag
availability and preterm birth (RR¼1.1, 95% CI¼0.8, 1.6)
and no association with placental abruption (RR¼1.0, 95%
CI¼0.4, 2.4). The association between airbag availability
and the risk of PROM was not reported and fetal death
estimates were limited by small numbers.
Overall, this study expands on these few previous studies

by examining multiple crashes and their vehicle safety
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characteristics while providing estimated rates for
several pregnancy outcomes in a larger cohort. To
date, this is the largest state-based study that has
examined the effects of crashes during pregnancy
in a cohort of pregnant women. The largest
previous study, conducted in Utah, included
325,349 births (8983 exposed to crashes).13 This
is also the first study to examine dose–response
effects of increasing number of crashes on the rate
of adverse pregnancy outcomes. Record linkage
allowed the ascertainment of both hospitalized
and nonhospitalized pregnant driver crashes, thus
allowing a population-based approach to exam-
ining the effect of crashes on fetal outcomes.
This study has several limitations. There is the

potential for misclassification of pregnancy out-
comes as determined from vital records data.
LMP-based estimates of gestational age are often
misclassified because of irregular menstrual cycles
or errors in recall or data recording.17,22–24 This
limitation was addressed by replacing implausible
and missing LMP-based measures with clinical
estimates, but misclassified estimates likely remain.
The validity of reported obstetric conditions may
be problematic,25,26 particularly in the presence of
adverse birth outcomes. Without medical records,
these outcomes could not be validated. Behavioral
risk factors, including prenatal tobacco and alcohol
use, also may be unreliable because of under-
reporting.25,26 Vital records do not include meas-
ures of socioeconomic status or other social and
behavioral factors thatmay confound several of the
associations that were observed. In the crash data,
self-reported seat belt use is likely over-reported,
especially because North Carolina has a primary
enforcement seat belt law. Thus, nondifferential
misclassification may bias the estimated rates and
underestimate the true association with adverse
pregnancy outcomes. There also may be unmeas-
ured risk factors associated with being in multiple
crashes and pregnancy outcomes. Residual con-
founding by these factors and other unmeasured
or poorly measured maternal and crash character-
istics may have weakened the associations that
were observed.
Because of the lack of information regarding

early fetal losses and terminations in vital
records, similar to the other linkage studies, all
crashes and fetal outcomes occurring before the
20th week of pregnancy were not observed.
Additionally, out-of-state crashes among preg-
nant North Carolina drivers, unreported North
Carolina crashes (e.g., those occurring on private
www.ajpmonline.org



Table 3. Associations between vehicle safety features and pregnancy outcomes among pregnant drivers in crashes, North Carolina, 2001–2008

Preterm birth Stillbirth

Total number Pregnancy days Ratea aRR (95% CI) Total number Pregnancy days Ratea aRR (95% CI)

Belt useb

Belted 2661 2,181,498 122.0 1.00 (ref) 133 2,557,126 5.2 1.00 (ref)

Unbelted 50 35,685 140.1 1.13 (0.86, 1.51) 6 41,930 14.3 2.77 (1.22, 6.28)

Missing 67 51,004 3 59,591

Airbag availabilityc

Equipped 2207 1,839,611 120.0 1.00 (ref) 110 2,158,029 5.1 1.00 (ref)

Not equipped 531 405,906 130.8 1.03 (0.92, 1.14) 30 474,509 6.3 0.91 (0.58, 1.44)

Missing 40 22,670 2 26,109

Placental abruption Premature rupture of the membranes

Total number Pregnancy days Ratea aRR (95% CI) Total number Pregnancy days Ratea aRR (95% CI)

Belt useb

Belted 178 2,557,126 7.0 1.00 (ref) 569 2,557,126 22.3 1.00 (ref)

Unbelted 3 41,930 7.2 1.06 (0.34, 3.31) 11 41,930 26.2 1.18 (0.65, 2.15)

Missing 5 59,591 15 59,591

Airbag availabilityc

Equipped 137 2,158,029 6.3 1.00 (ref) 483 2,158,029 22.4 1.00 (ref)

Not equipped 45 474,509 9.5 1.58 (1.08, 2.30) 108 474,509 22.8 0.95 (0.75, 1.20)

Missing 4 26,109 4 26,109
aUnadjusted rates per 100,000 pregnancy days
bRate ratios adjusted for maternal age, prenatal care initiation
cRate ratios adjusted for maternal age, seat belt use, vehicle model year
aRR, adjusted rate ratio
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roads, without property damage or occupant injuries), and
crashes involving unlicensed drivers or pregnant passen-
gers in North Carolina were not captured. Previous studies
have found that crashes, particularly minor ones, are often
underreported which may cause bias when examining
crash-related outcomes.27,28 In this study, estimates could
be biased if underreporting was differential by an
unknown covariate that was also associated with adverse
pregnancy outcomes. A sensitivity analysis was conducted
and it was found that differential misclassification created
negligible bias for selected associations (Appendix A,
available online at www.ajpmonline.org).
Conclusion
This study highlights the importance of crashes during
pregnancy and their possible adverse effects on pregnancy
outcomes. Clinicians should be aware of these effects and
should advise pregnant women about the risk of being in a
crash and the long-term consequences that crashes can
have on their pregnancies. Given the associations that were
observed, a better understanding of the circumstances
surrounding crashes during pregnancy is needed to develop
effective strategies for prevention.
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