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This retrospective cohort study evaluated the risk of adverse pregnancy outcomes following motor vehicle
crashes during pregnancy. The authors assessed outcomes of pregnant women hospitalized for motor vehicle
crashes in Washington State from 1989 to 2001 (n = 582). They used the Injury Severity Score (ISS) to classify
84 severely injured (ISS >9), 309 non-severely injured (ISS 1-8), and 189 uninjured (1SS 0) pregnant women and
compared them with pregnant women who had not been hospitalized for a motor vehicle crash (n = 17,274). Of
pregnant women in motor vehicle crashes, 82.9% were hospitalized and discharged without delivering, and 17.1%
delivered at hospitalization. Compared with women not in motor vehicle crashes, severely and non-severely
injured women were at increased risk of placental abruption and cesarean delivery, and their infants were at
increased risk of respiratory distress syndrome and fetal death. Uninjured women were also at increased risk of
preterm labor (relative risk = 7.9, 95% confidence interval: 6.4, 9.8) and placental abruption (relative risk = 6.6,
95% confidence interval: 3.9, 11.2) compared with women not in motor vehicle crashes. Pregnant women
hospitalized following motor vehicle crashes are at increased risk of adverse pregnancy outcomes, regardless of
the presence or severity of injuries.
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Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; ISS, Injury Severity
Score.

Injury during pregnancy affects not only the pregnant mechanism of injury being motor vehicle crashes (2). Hyde
woman but also her fetus and can result in adverse preg- et al. (3), utilizing a probability sample of police-reported
nancy outcomes. Unintentional injury complicates approxi- US traffic crashes, estimated that 32,810 pregnant women
mately 6 percent of all pregnancies (1), with the leading are involved in motor vehicles crashes annually in the
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United States, for a crash rate of 9 per 1,000 livebirths. A re-
cent study of all pregnant women involved in motor vehicle
crashes in Utah noted that 2.8 percent experienced a crash
during pregnancy (3). Prior studies have documented that
motor vehicle crashes are one of the leading causes of injury-
related maternal (4) and fetal (5) deaths. In addition to
fatalities, motor vehicle crashes are the most common cause
of injury-related hospitalizations of pregnant women (2).

Research on adverse pregnancy outcomes following
motor vehicle crashes during pregnancy has been limited.
Wolf et al. (6) utilized a large, retrospective cohort study
design to evaluate the effect of seat-belt use on pregnancy
outcome following a motor vehicle crash. Compared with
restrained pregnant women, unrestrained pregnant women
had a 2.3-fold increased risk of delivering a low-birth-
weight infant <2,500 g). Using a case series, Pearlman et al.
(7) reported that 62 percent of improperly restrained women
had adverse fetal outcomes compared with 27 percent of
properly restrained women. Another case series of pregnant
women in motor vehicle crashes documented that greater
crash severity was associated with fetal death and that
restraint use decreased the risk of adverse fetal outcomes
(8). Because adverse pregnancy outcomes occur in the
general population of pregnant women as well as in the
population of pregnant women involved in motor vehicle
crashes, it is important to evaluate the excess risk associated
with these crashes. Although a recent study of pregnant
motor vehicle occupants found no increased risk of adverse
pregnancy outcomes among those in crashes compared with
pregnant women not involved in motor vehicle crashes (3),
the study did not evaluate outcomes stratified by injury
severity. Our study evaluated the risk of adverse maternal
and perinatal outcomes for pregnant women hospitalized
following motor vehicle crashes, stratified by maternal
injury severity.

MATERIALS AND METHODS
Study subjects

We conducted a retrospective cohort study to assess
outcomes of pregnant women involved in motor vehicle
crashes in Washington State from 1989 to 2001. By linking
state birth and fetal death certificate data with hospital
discharge data, we identified pregnant women hospitalized
following a motor vehicle crash who experienced a singleton
livebirth or fetal death. The hospital data were extracted
from the Comprehensive Hospital Abstract Recording
System from all Washington State nonfederal hospitals.
Pregnant women in crashes were identified by the presence
of an International Classification of Diseases, Ninth Re-
vision, Clinical Modification (ICD-9-CM) external causa-
tion code (E code) of E810-E819 in the external injury field
in the Comprehensive Hospital Abstract Recording System,
indicating a motor vehicle traffic accident. We compared
pregnant women involved in motor vehicle crashes with
a randomly chosen group of pregnant women (n = 17,274)
identified through the Washington State birth and fetal death
certificate data who experienced a singleton livebirth or fetal
death during the same time period but not a crash-related

hospitalization during pregnancy or a crash-related injury
diagnosis at the delivery hospitalization. The sample size of
the randomly chosen group of pregnant women was derived
from a larger cohort study in which pregnant women who
were uninjured were compared with pregnant women who
experienced a range of injuries in addition to motor vehicle
crashes in a ratio of three uninjured women to one injured
woman. During the time period 1987-2001, Washington
State recorded 1,024,079 livebirths and 5,695 fetal deaths.
This study was approved by the University of Washington
Institutional Review Board.

Exposure classification

We used ICD-9-CM diagnosis codes to classify types of
injuries from motor vehicle crashes, as follows: fractures,
dislocations, sprains, and strains (codes 800-849); intracra-
nial injuries (codes 850-854); internal injuries to the chest
(codes 860-862), abdomen (codes 863—-866, 868), and
pelvis (code 867); open wounds (codes 870-897); injury
to blood vessels (codes 900-904); superficial injuries,
contusions, and crushing injuries (codes 910-929); and
nerve and spinal cord injuries (codes 950-957). Women
with multiple types of injuries were classified as having all
applicable injury types.

We evaluated the severity of crash-related injuries by
using ICDMAP-90 computer software (Tri-Analytics Inc.,
Bel Air, Maryland) to determine the Injury Severity Score
(ISS) (9). The ICDMAP-90 software assigns the ISS based
on ICD-9-CM diagnosis codes in the hospitalization data.
Of the 625 pregnant women involved in a motor vehicle
crash, the ICDMAP-90 program was unable to assign an ISS
for 43 because their injury diagnosis was not coded to
a specific body region. These 43 women were excluded from
the analyses of pregnancy outcomes. Of the remaining 582
pregnant women, 84 were classified as having severe injuries
with an ISS of >9, and 309 were classified as having
nonsevere injuries with an ISS of 1-8. An ISS cutpoint of 9
was used because prior studies of pregnant trauma patients
reported that this score predicted fetal death following injury
during pregnancy (10, 11). The remaining 189 pregnant
women experienced trauma (presence of an E code) but no
injury (absence of an ICD-9-CM injury code) and were
assigned an ISS of 0.

Outcome classification

To evaluate maternal and perinatal outcomes, we used the
Washington State Birth Event Records Database, which
contains the maternal and infant ICD-9-CM diagnosis and
procedure codes for the delivery hospitalization, linked to
the birth certificate or fetal death record. A prior study
evaluating the linkage procedure for creating the Birth
Event Records Database file reported that the linkage was 96
percent complete (12). Since 1980, the Washington State
birth and fetal death certificates have included a checklist
for obstetric procedures, method of delivery, complications
of labor and delivery, and abnormal conditions of the
newborn. Maternal outcomes investigated included the
following: preterm labor at less than 37 weeks’ gestation
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(ICD-9-CM codes 644.0, 644.2 or use of tocolysis noted on
the birth or fetal death certificate); premature rupture of
membranes 24 hours or more prior to the onset of labor
(ICD-9-CM code 658.2); placental abruption (ICD-9-CM
code 641.2 or as listed on the birth or fetal death certificate);
induction of labor (ICD-9-CM diagnosis codes 659.0, 659.1;
procedure codes 73.1, 73.4, 96.49; or as listed on the birth or
fetal death certificate); cesarean delivery (ICD-9-CM codes
74-74.2 or as listed on the birth or fetal death certificate);
and maternal death (death of the mother during the
hospitalization using the discharge status in the Compre-
hensive Hospital Abstract Recording System record).

Perinatal outcomes investigated included gestational age
of less than 37 weeks (as recorded on the birth or fetal death
certificate); low birth weight 2,500 g listed on the birth or
fetal death certificate); moderate-to-heavy meconium at
delivery (noted on the birth or fetal death certificate); fetal
distress (ICD-9-CM codes 656.3, 768.2-768.4 or as listed
on the birth or fetal death certificate); mild-to-severe birth
asphyxia (ICD-9-CM codes 768.5-768.9); and respiratory
distress syndrome (ICD-9-CM code 769 or as listed on the
birth certificate). We used an algorithm by Alexander et al.
(13) to define small for gestational age as infant birth weight
below the 10th percentile for a given gestational age,
stratified on sex and race/ethnicity. We derived gestational
age at the time of the motor vehicle crash by subtracting the
number of weeks between the crash hospitalization and the
birth/fetal death. We defined fetal death as an intrauterine
death identified by a fetal death certificate.

Data analysis

We compared the demographic and obstetric character-
istics of women hospitalized for a motor vehicle crash during
pregnancy (n = 625) with those of women with no history of
hospitalization for a motor vehicle crash during pregnancy
(n = 17,274). We assessed proportions of types of injuries
(using ICD-9-CM diagnosis codes) among the pregnant
women in a motor vehicle crash who experienced severe
and nonsevere injuries. We used Poisson regression analysis
to calculate relative risks and 95 percent confidence intervals
for associations between ISS categories and maternal and
perinatal outcomes among those for whom data on pregnancy
outcomes and confounding variables were complete. In our
initial analyses, we built a regression model for each
pregnancy outcome comparing all pregnant women involved
in crashes with pregnant women who were not in crashes.
Because we wanted to assess the differences in pregnancy
outcomes stratified by ISS, we built additional regression
models for each pregnancy outcome comparing pregnant
women sustaining severe motor vehicle crash injuries (ISS
>9), pregnant women experiencing nonsevere crash injuries
(ISS 1-8), and pregnant women receiving no injuries in
crashes (ISS 0) with pregnant women not involved in crashes.

We performed subanalyses of adverse pregnancy out-
comes for the pregnant women in crashes who had no
injuries (ISS 0), stratified by those who were hospitalized
and subsequently discharged without delivering and those
who delivered at their crash hospitalization. We assessed for
possible interactions between ISS and gestational age and
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found no significant interaction. We also assessed for
possible confounding by age, race/ethnicity, marital status,
education, income, gravidity, parity, prenatal smoking, type
of prenatal care insurance, and trimester that prenatal care
was initiated. Relative risks were adjusted for age and
prenatal smoking because these factors were associated with
both motor vehicle crash exposure and maternal and
perinatal outcomes and changed one or more of the relative
risks by at least 10 percent. For selected maternal and
perinatal outcomes for which there were fewer than five
observations among the injured women, we present un-
adjusted relative risks in this paper. All statistical analyses
were performed by using Stata version 8.0 software (Stata
Corporation, College Station, Texas).

RESULTS

We found that 625 pregnant women were hospitalized
following motor vehicle crashes in Washington State
between 1989 and 2001, resulting in an incidence rate of
0.61 pregnant crash hospitalizations per 1,000 livebirths. Of
these women, 518 (82.9 percent) were hospitalized and
subsequently discharged without delivering, and 107 (17.1
percent) delivered during their crash hospitalization. The
majority of pregnant women in crashes were in their third
trimester (65.9 percent), with 18.4 percent in the second
trimester and 15.7 percent in the first trimester. Compared
with pregnant women not involved in crashes, pregnant
women in crashes were younger and more likely to be non-
White, be unmarried, and have Medicaid for their prenatal
care insurance (table 1). Pregnant women in crashes also
had lower educational levels and were more likely to use
tobacco and consume alcohol prenatally, initiate prenatal
care after the first trimester, and deliver prematurely.

For the pregnant women involved in motor vehicle crashes,
we compared the types of injuries among the severely injured
(ISS >9, n = 84) and the non-severely injured (ISS 1-8,
n = 309). Compared with non-severely injured pregnant
women, pregnant women with severe injuries were more
likely to have fractures, dislocations, and sprains; intracranial
injuries; open wounds; and internal injuries of the chest,
abdomen, and pelvis (table 2). We identified 189 pregnant
women (30.2 percent) who had been in a motor vehicle at the
time of a crash but had no injuries documented at their injury
hospitalization (ISS 0).

Compared with pregnant women not involved in motor
vehicle crashes, pregnant women involved in crashes were at
significantly increased risk of preterm labor (relative risk =
4.5, 95 percent confidence interval: 3.9, 5.3), placental
abruption (relative risk = 6.0, 95 percent confidence interval:
4.3, 8.2), and cesarean delivery (relative risk = 1.3, 95
percent confidence interval: 1.1, 1.5). Their infants were at
increased risk of preterm delivery (relative risk = 1.4, 95
percent confidence interval: 1.1, 1.9) and infant respiratory
distress syndrome (relative risk = 2.6, 95 percent confidence
interval: 1.6, 4.2).

Stratifying our analysis by ISS, we found that severely
injured pregnant women (ISS >9) had a 1.6-fold increased
risk of cesarean delivery and a ninefold increased risk of
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TABLE 1. Demographic and obstetric characteristics of pregnant women not involved in a motor vehicle
crash and those involved in crashes in Washington State, 1989-2001

Pregnant, no motor vehicle Pregnant, motor vehicle
crash* (n = 17,274) crash* (n = 625)
No. % No. %

Age (years)

<20 1,921 1.1 134 21.5

20-34 13,191 76.4 431 69.0

>35 2,154 125 59 9.5
Race/ethnicity

Non-Hispanic White 12,936 77.4 403 66.4

Black 580 3.5 76 125

Asian 1,121 6.7 59 9.7

American Indian 404 24 22 3.6

Hispanic White 1,675 10.0 47 7.8
Education (no. of years)

<12 2,089 18.4 105 26.3

12 3,670 32.3 153 38.4

>12 5,602 49.3 141 35.3
Marital status

Single 4,640 26.9 315 50.5

Married 12,587 731 309 49.5
Median family census income

<$25,000 3,008 28.4 127 33.7

$25,000-$35,000 4,364 41.3 154 40.9

>$35,001 3,207 30.3 96 25.4
Prenatal insurance

Medicaid 4,188 35.6 220 52.2

Self/charity 232 2.0 3 0.7

Commercial 6,530 55.4 171 40.5

Other 827 7.0 28 6.6
Prenatal smoking

No 13,535 83.0 424 76.3

Yes 2,779 17.0 132 23.7
Prenatal alcohol consumption

No 8,452 94.6 254 92.0

Yes 479 5.4 22 8.0
Gravidity

1 5,607 325 210 33.6

2 4,796 27.7 141 22.6

>3 6,866 39.8 274 43.8
Parity

1 7,098 41.9 282 45.9

2 5,567 32.8 163 26.5

>3 4,294 25.3 170 27.6
Trimester during which prenatal care

was initiated

1 13,193 81.8 411 73.5

2 2,446 15.2 123 22.0

3 484 3.0 25 4.5
Gestational age at delivery (weeks)

<28 92 0.5 7 1.1

28-32 202 1.2 16 2.6

33-36 1,067 6.3 59 9.6

>37 15,700 92.0 533 86.7

* Some column numbers do not add to total because of missing information.
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TABLE 2. Types of injuries sustained, stratified by injury severity, by women hospitalized for a motor

vehicle crash in Washington State, 1989-2001

Nonsevere injury (n = 309)t

Severe injury (n = 84)t

ICD-9-CM* injury classification

No. % No. %
Fractures, dislocations, sprains 165 53.4 68 81.0
Intracranial injuries 30 9.7 21 25.0
Internal injury of chest 0 22 26.2
Internal injury of abdomen 9 2.9 17 20.2
Internal injury of pelvis 1.0 2 2.4
Open wound 54 17.5 35 417
Blood vessel injury 1 0.3 3 3.6
Superficial, contusion, crushing injury 165 53.4 22 26.2
Nerve and spinal cord injuries 1 0.3 1 1.2

* |CD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.
1 Types of injuries add to >100% because some pregnant women in crashes had more than one type of injury.

placental abruption compared with pregnant women not
involved in motor vehicle crashes (table 3). Two (2.4
percent) of the severely injured pregnant women died in
crashes compared with two (0.01 percent) of the pregnant
women not in crashes. The risk of adverse perinatal
outcomes was also increased for the severely injured
pregnant women, with a twofold increased risk of fetal
distress, a fourfold increased risk of infant respiratory
distress syndrome, and a ninefold increased risk of fetal
death. Non-severely injured pregnant women (ISS 1-8)
were at increased risk of preterm labor, placental abruption,
and cesarean delivery compared with pregnant women not
involved in a motor vehicle crash.

We found that pregnant women involved in crashes who
had no documented injuries (ISS 0) were at a marked
increased risk of preterm labor and placental abruption and
that their infants were at an increased risk of preterm delivery,
low birth weight, and infant respiratory distress syndrome
compared with pregnant women not involved in motor
vehicle crashes (table 3). We further stratified our analysis
of outcomes among uninjured pregnant women involved in
crashes by timing of the crash in relation to delivery (table 4).
We found that uninjured women who were hospitalized for
motor vehicle crashes and who were discharged without
delivering were at a ninefold increased risk of preterm labor
and a sixfold increased risk of placental abruption. Pregnant
women involved in crashes who delivered during the crash
hospitalization were also at increased risk of preterm labor
and abruption and, for their infants, preterm delivery, low
birth weight, being small for their gestational age, and infant
respiratory distress syndrome.

DISCUSSION

In this population-based study, one third of pregnant
women hospitalized after a motor vehicle crash had no
reported injuries, one half had nonsevere injuries, and only
one in seven had injuries classified as severe. Although
severely injured pregnant women were at increased risk of
adverse pregnancy outcomes, non-severely injured pregnant
women involved in crashes were also at significantly
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increased risk of preterm labor, placental abruption, and
cesarean delivery.

Although prior studies (14, 15) have noted that crash
severity is related to adverse outcomes, with more-severe
crashes resulting in more-severe injuries and adverse
pregnancy outcomes, less-severe crashes also have the
potential for adverse outcomes. Among pregnant women
involved in crashes who sustained nonsevere injuries, our
findings of increased risks of preterm labor, placental
abruption, and cesarean delivery confirm those from earlier
non-population-based studies. In the case series by Klinich
et al. (8), 41 of 120 pregnant women involved in crashes
experienced placental abruption with only minor maternal
injuries. Several other studies of noncatastrophic trauma
during pregnancy have reported preterm labor (16, 17),
placental abruption (16, 17), and cesarean section (18) in
case series of non-severely injured pregnant women. These
studies of noncatastrophic injuries could not determine the
magnitude of any potential association between injury and
outcomes because of a lack of comparison groups of
uninjured pregnant women. Our findings of adverse out-
comes among non-severely injured pregnant women in-
volved in crashes indicate that relatively minor trauma can
have a substantial impact on pregnancy outcomes. Our
findings also illustrate that the ISS in pregnancy is a poor
predictor of adverse pregnancy outcomes, as documented
in a prior study of the use of ISS scores to predict ad-
verse pregnancy outcomes (19). It may be useful to de-
velop an injury severity scoring system specific to
pregnancy to evaluate patients who experience trauma
during pregnancy.

We found that, compared with pregnant women not
involved in crashes, pregnant women hospitalized with no
reported injuries after motor vehicle crashes were at
increased risk of adverse pregnancy outcomes including
preterm labor, placental abruption, and infant respiratory
distress syndrome. The increased risk of preterm labor may
be explained by the forces of the crash stimulating uterine
contractions, although the biomechanics of crash forces on
the contractility of the pregnant uterus have not been studied
to our knowledge. Placental abruption in uninjured pregnant
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TABLE 4. Maternal and perinatal outcomes among uninjured women following a motor vehicle crash, stratified by timing of crash

hospitalization in relation to delivery, Washington State, 1989-2001

No motor vehicle

Pregnancy outcome crash (n = 17,274)

Motor vehicle crash hospitalization
prior to delivery: ISS* 0 (n = 151)

Motor vehicle crash hospitalization
at delivery: ISS 0 (n = 38)

No. % No. % RR*, 1 95% CI* No. % RRt 95% Cl
Maternal
Preterm labor 1,143 6.6 89 58.9 9.0 72,113 8 211 3.3 1.6, 6.9
Premature rupture of membranes 347 2.0 3 2.0 1.0% 0.3, 3.1 2 5.3 2.6% 0.7, 105
Placental abruption 248 1.4 12 7.8 6.6 3.7, 11.9 4 10.5 7.3% 2.7,19.7
Labor induction 4,068 23.6 36 23.8 1.0 07,14 10 26.3 1.2 0.6, 2.3
Cesarean delivery 3,367 19.5 32 21.2 1.2 0.8,1.7 13 34.2 1.8 1.0, 3.3
Perinatal
Gestational age <37 weeks 1,370 8.0 14 9.4 1.4 0.8,24 7 18.4 2.9 1.3,6.4
Birth weight <2,500 g 765 4.4 7 4.6 0.8 0.3,2.0 11 29.0 5.9 29,119
Small for gestational age 1,230 9.3 11 11.2 1.1 0.6, 2.1 8 25.8 2.4 11,54
Meconium at delivery 962 6.1 15 11.0 1.7 1.0, 3.0 2 5.6 0.9% 0.2, 3.7
Fetal distress 1,621 9.4 14 9.3 0.9 0.5, 1.7 9 23.7 2.1 0.9, 46
Hypoxia 243 1.4 4 2.7 1.9% 0.5,5.3 0
Respiratory distress syndrome 209 1.2 4 2.7 2.2% 0.8,5.9 3 7.9 6.5% 21,204
Fetal death 47 0.3 0 0

*|SS, Injury Severity Score; RR, relative risk; Cl, confidence interval.
1 Adjusted for age and prenatal smoking.
$ Unadjusted.

ascertainment of maternal and infant outcomes. Increased
awareness of possible adverse outcomes following a crash
may have resulted in differential reporting of certain sub-
jective diagnoses (e.g., placental abruption, fetal distress,
and infant respiratory distress syndrome) on the birth and
fetal death certificates for the pregnant women in crashes
compared with the pregnant women not involved in a crash.
The more-objective diagnoses we examined (gestational
age, birth weight, and fetal death) were not subject to this
potential bias.

Limitations of coding and data entry in the Comprehen-
sive Hospital Abstract Recording System and on the birth
and fetal death certificates may have limited our ability to
accurately ascertain demographic, exposure, and outcome
information. Studies have documented that birth weight,
race, age, and number of prior livebirths are recorded on
birth and fetal death certificates with nearly complete
accuracy (22), but prenatal and intrapartum complications,
delivery method, and obstetric procedures are recorded less
accurately (23, 24). Prior studies have also evaluated the
accuracy of ICD-9-CM coding for selected obstetric di-
agnosis and procedure codes comparing discharge databases
with medical records and have noted good-to-excellent
accuracy (25, 26). We attempted to minimize inaccuracies
by using multiple sources to identify specific maternal and
perinatal outcomes when possible. Nondifferential mis-
classification of outcomes would have resulted in spurious
attenuation of our risk estimates. We were also unable to
evaluate pregnancy outcomes prior to 20 weeks’ gestation
because birth and fetal death certificates are used for
pregnancies of more than 20 weeks only. Although it has

Am J Epidemiol 2005;161:503-510

been well documented that seat-belt use during pregnancy
decreases the risk of adverse pregnancy outcomes (6, 27),
we did not have information on seat-belt use or airbag
deployment in our pregnant cohort.

In conclusion, we found that pregnant women hospital-
ized following motor vehicle crashes are at increased risk of
adverse pregnancy outcomes, regardless of the presence of
documented injuries or the severity of the injury. In light of
the increased risk of adverse maternal and perinatal out-
comes resulting from trauma due to crashes without injuries,
careful maternal and fetal monitoring following a crash is
warranted. Future studies evaluating police crash data in
conjunction with birth and fetal death certificates and
hospitalization data may provide additional insight into
how specific types of crashes and crash forces play a role
in adverse pregnancy outcomes. Additional biomechanical
and clinical research will also provide much needed infor-
mation on the effects of motor vehicle crashes during
pregnancy.
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ERRATUM

RE: “PREGNANCY OUTCOMES FOLLOWING HOSPITALIZATION FOR MOTOR VEHICLE CRASHES IN
WASHINGTON STATE FROM 1989 TO 2001

In a recent Journal article by Schiff and Holt (1), refer- REFERENCE

ence 3 is incorrect. The following should be substituted: 1. Schiff MA, Holt VL. Pregnancy outcomes following hospi-

3. Weiss HB, Strotmeyer S. Characteristics of pregnant talization for motor vehicle crashes in Washington State from
women in motor vehicle crashes. Inj Prev 2002;8:207-10. 1989 to 2001. Am J Epidemiol 2005;161:503-10.

The authors regret the error. DOI: 10.1093/aje/kwil99
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