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Abstract

Background: The prevalence of injuries during pregnancy is largely underestimated, as previous research has
focused on more severe injuries resulting in emergency department visits and hospitalizations. The objective of
our study was to estimate the frequency, risk factors, and causes of injuries in a population-based sample of
pregnant women.

Methods: This article is an analysis of postpartum interviews among the control series from a case-control study
(n=1,488). Maternal, pregnancy, and environmental characteristics associated with injury during pregnancy in
control subjects were examined to identify population-based risk factors for injury. We collected data on self-
reported injury during pregnancy, including the month of pregnancy, whether medical attention was sought, the
mechanism of injury, and the number and location of bodily injuries. Logistic regression was used to calculate
unadjusted and adjusted odds ratios (aORs) of injury.

Results: Over 5% of women reported an injury during pregnancy, with falls being the most common mech-
anism of injury. Women at highest adjusted risk for injury had unintended pregnancies (aOR: 2.28 [1.40-3.70])
and no partner during pregnancy (aOR: 2.45 [1.16-5.17]) relative to women without injuries.

Conclusions: Pregnant women with risk factors for many pregnancy-related complications are also at increased
risk of injury during pregnancy. Further studies of pregnancy-related injuries are needed to consider envi-

ronmental and maternal characteristics on risk of injury.

Introduction

T RAUMATIC INJURIES DURING PREGNANCY are the leading
nonobstetric cause of maternal death.'” Between 5%
and 7% of all pregnancies are complicated by injuries, and
trauma in pregnancy remains a common cause of fetal
death.> In a retrospective review of US fetal-death certifi-
cates, Weiss et al.* estimated that 5.4 per 1,000 fetal deaths
were owing to maternal injury.

The scope of nonfatal maternal injury during pregnancy is
difficult to estimate because less severe injuries may not re-
quire medical care and therefore go unreported. In the only
population-based study to date of both unintentional and in-
tentional injuries in pregnancy, 7.4% of women reported an
injury during pregnancy.’ In 2002, there were almost 17,000
injury-related hospitalizations in pregnant women, with over
one-third of these resulting in a delivery at the time of injury.’
Maternal traumatic injury can result in a myriad of pregnancy-
related complications even if the mother is considered non-

injured after examination.®’ Injury during pregnancy has
been associated with a twofold increased risk of preterm labor
and at least a 50% increased risk of placental abruption, which
leads to increased risks of fetal distress and fetal death.®™

The leading mechanisms of unintentional injury during
pregnancy are motor vehicle crashes (MVC) and falls.3->:10
To date, the one population-based study of falls during
pregnancy reported that 30% of women fell during pregnancy
and that 10% experienced more than one fall during preg-
nancy.' Risk factors for falls during pregnancy include
maneuvering stairs, slippery floors, hurrying, or carrying an
object or a child."”

We conducted our analysis to assess the characteristics of
women who reported any type of injury during pregnancy
among only control women who delivered term and normally
grown infants and participated in a previous population-based
case-control study of preterm delivery and small-for-gestational-
age infants. In addition, we examined the occurrence, mech-
anisms, timing, frequency, and location of unintentional
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injuries sustained during pregnancy. We hypothesized that
women at high risk (e.g., those who smoke, have an unintended
pregnancy) for poor pregnancy outcomes (e.g., preterm deliv-
ery)!-12 will also be at increased risk of injury during pregnancy.

Materials and Methods

Antenatal injuries were examined within the Jowa Health in
Pregnancy Study (IHIPS), a population-based case-control
study designed to determine the influence of intimate partner
violence and maternal stress on the risk of preterm and small-
for-gestational-age outcomes among live births to residents of
four Iowa counties over the period May 2002 through June
2005. Control subjects were randomly selected from the
population of women who delivered at term (37 or more
weeks) over the study period. A subject’s case-control status
for analysis was verified by medical-chart review of gesta-
tional age at delivery and infant birth weight. Not all women
selected as a control from the birth certificate were categorized
as a control for analysis."* The subjects included in this anal-
ysis were control women verified by medical-chart review.'?
We examined risk factors for injury in controls only (n=1,488)
to ensure that the risks were associated with injury and not a
poor pregnancy outcome (i.e., preterm delivery or small for
gestational age). Subjects were ineligible if they were under 18
years of age at delivery (n=1) or were excluded if they were
non-English speaking (n=264). A more detailed description
of THIPS has been published elsewhere.'® All protocols and
informed-consent procedures were approved by the University
of Iowa Institutional Review Board.

Eligible women who provided verbal consent were asked
to respond to a 45-minute telephone interview and provide
signed consent for review of hospital records related to the
delivery. The interviews were completed, on average, 43
weeks after delivery (range=9-139 weeks, interquartile
range =20.9-68.9). The response rate among control subjects
was 47.4%, and the participation rate was 55.5%.'* Based
upon women selected as controls from the birth certificate
(n=1,923), 7.6% (n=146) were ineligible or excluded, and
47.4% (n=912) completed the postpartum interview. Control
subjects who participated in the study were more likely to be
white (91% versus 87.9%), have higher education (18.4%
versus 13.3% college graduate), and be less likely to smoke
(7.8% versus 12.3%) than those who did not participate.

Interviewers asked women to report any injuries that oc-
curred during the prenatal period, the mechanism and timing
of the injury, as well as part(s) of the body injured. Each
subject was asked ‘‘Did you have any serious accidents or
injuries during your pregnancy?’’ Each subject was allowed
to define “‘serious’’; no definition was provided by the in-
terviewer. For any reported injury, information was collected
on the month of occurrence, the mechanism of injury, and the
part(s) of the body injured. In addition, women were asked
whether they thought that the injury had affected the baby’s
health and whether medical care was sought. We classified
the mechanism of injury using external causation codes
(E-codes) from the International Classification of Diseases,
ninth version, Clinical Modification.

Covariates

Pertinent maternal demographic and lifestyle characteristics
and pregnancy histories were examined as potential risk fac-
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tors for injury reported during pregnancy. The categorization
of maternal age (18-19, 20-24, 25-29, 30-34, 35 +) was based
on a priori knowledge. Other variables were maternal race
(non-Hispanic white, non-Hispanic black, Hispanic, Asian/
Pacific Islander, and other), education (less than or equal
to high school, some college, college graduate [bachelor’s],
master’s, or professional degree), prepregnancy body mass
index (BMI) (<24.9, 25-29.9, 30+), gravidity, and parity.
Pregnancy intention following conception was measured
using questions from the Pregnancy Risk Assessment Mon-
itoring System 2000-2003 Core Questionnaire (http:/
www.cdc.gov/prams/Questionnaire.htm). For multivariable
logistic regression analysis, pregnancy intention was coded as
intentional (wanted to be pregnant) or unintentional (wanted to
be pregnant later, did not want to be pregnant at any time, or
didn’t care about the timing). Household and subject incomes
were categorized into quartiles. We calculated poverty level
based on guidelines determined by the Agency for Healthcare
Research and Quality to account for the ratio of family income
to the 2004 federal income thresholds while controlling for
family size, with poor or near poor (<125% of the federal
poverty level), low income (125%-199% of poverty level),
middle income (200%—-399% of the poverty level), and high
income (=400% of the poverty level). Continuous variables,
such as time spent heavy lifting at home, caring for children
younger than 5 years old in the home, and leisure-time physical
activity were categorized by quartile.

Analysis

To identify risk factors for injury during pregnancy,
characteristics of control subjects were compared by injury
status, using chi-square tests for categorical variables and the
Student’s #-test for continuous variables. Unadjusted and
adjusted odds ratios were calculated to estimate the associ-
ation of maternal characteristics with risk of injury when cell
sizes were =5 using logistic regression. Pregnancy intention
was considered a key predictor of injury risk because its
relationship to injury has largely been unexplored; it is a risk
factor for other pregnancy-related behaviors (e.g., continued
smoking and alcohol use during pregnancy)!'! and poor
pregnancy outcomes'? and may help us to identify high-risk
women. Finally, preconception pregnancy intention may be
modifiable through education and provision of birth control,
potentially resulting in increased intended or planned preg-
nancies and may result in a reduced injury incidence. Cov-
ariates were considered for inclusion in an adjusted model if
the point estimates were altered by at least 10% a priori.

To describe the types of injuries sustained during preg-
nancy, we summarized data on the mechanism, timing during
pregnancy, and body location of injuries. Data analysis was
conducted using SAS® software, Version 9.2 of the SAS
System for Microsoft (SAS Institute Inc., Cary, NC).

Results

Women in this analysis were, on average, 28.1 years of
age; most were white, had at least some college education,
worked during pregnancy, or were married. One in five
women (21.2%) smoked during pregnancy, and 36.7% drank
alcohol at some time during their pregnancy.

Over 5% (80 of 1,488) of women reported a ‘“‘serious’
injury during pregnancy; the prevalence varied substantially
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TABLE 1. MATERNAL AND PREGNANCY CHARACTERISTICS
OF CONTROL SUBJECTS BY ANY REPORTED INJURY
DURING PREGNANCY, IowA HEALTH IN PREGNANCY
StubpY, 2002-2005 (N=1,488)

Injured at any time
during pregnancy

Yes No
Maternal/pregnancy (n=80) (n=1,408)
characteristics n (column %) n (column %) p-value®

Maternal age

18-19 4 (5.0 74 (5.3) 0.0014
20-24 30 (37.5) 270 (19.2)
25-29 21 (26.3) 508 (36.1)
30-34 14 (17.5) 388 (27.6)
35+ 11 (13.8) 168 (11.9)
Maternal race
White 63 (78.8) 1,201 (85.3) 0.1111
Nonwhite 17 (21.3) 207 (14.7)
Maternal education
<High school 25 (31.3) 255 (18.1) 0.0144
Some college 26 (32.5) 459 (32.6)
College graduate 17 (21.3) 476 (33.8)
Master or 12 (15.0) 218 (15.5)
professional
Marital status
Married 50 (65.8) 1,113 (81.4) 0.0002
Not married, in 14 (18.4) 181 (13.2)
a relationship
No partner 12 (15.8) 73 (5.3)
Prepregnancy body mass index
<18.5 3 (3.8) 92 (6.5) 0.7476
18.5-24.9 43 (53.8) 770 (54.7)
25.0-29.9 19 (23.8) 312 (22.2)
30+ 15 (18.8) 234 (16.6)
Smoked at any time during pregnancy
Yes 27 (33.8) 289 (20.5) 0.0049
No 53 (66.3) 1,119 (79.5)
Drank alcohol at any time during pregnancy
Yes 30 (37.5) 516 (36.7) 0.8889
No 50 (62.5) 889 (63.3)
Parity
Primipara (0) 39 (48.8) 654 (46.5) 0.0578
1 17 (21.3) 454 (32.3)
2+ 24 (30.0) 298 (21.2)
Pregnancy intention
Wanted to be 31 (38.8) 861 (61.2) 0.0005
pregnant
Wanted later 34 (42.5) 339 (24.1)
Did not want 7 (8.8) 106 (7.5)
Didn’t care 8 (10.0) 100 (7.1)
Pregnancy excitement following conception
Excited 52 (65.8) 1,110 (78.9) 0.0216
Okay 16 (20.3) 186 (13.2)
Not sure/ 11 (13.9) 111 (7.9)
didn’t want
Household income ($)
0-31,000 31 (41.9) 325 (24.5) 0.0102
31,001-56,000 14 (18.9) 343 (25.8)
56,001-80,000 15 (20.3) 336 (25.3)
80,001 + 14 (18.9) 325 (24.5)
(continued)
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TABLE 1. (CONTINUED)

Injured at any time
during pregnancy

Yes No
Maternal/pregnancy (n=380) (n=1,408)
characteristics n (column %) n (column %) p-value®

Subject income ($)

-5, 27 (34.2) 346 (25.2) 0.2529
5,001-19,000 21 (26.6) 347 (25.2)
19,001-33,000 16 (20.3) 349 (25.4)

33,001 + 15 (19.0) 334 (24.3)
Poverty threshold
Poor/near poor 19 (25.7) 194 (14.6) 0.0262
Low income 12 (16.2) 180 (13.5)
Medium income 25 (33.8) 460 (34.6)
High income 18 (24.3) 495 (37.3)
Worked during pregnancy
Yes 58 (74.4) 1,100 (79.2) 0.3082
No 20 (25.6) 289 (20.8)

“Column percent totals may be greater than 100% due to rounding.

by several maternal and pregnancy characteristics (Table 1).
Injured women were significantly more likely than non-
injured women to be 20-24 years old (37.5% versus 19.2%,
p=0.0014), nonwhite (21.3% versus 14.7%, p=0.1111), or
have no more than a high school degree (31.3% versus
18.1%, p=0.0144). Also at significantly increased risk were
women who smoked during pregnancy (33.8% versus 20.5%,
p=0.0049), those with unintended pregnancies (61.2% ver-
sus 38.8%, p=0.0005), and unmarried women (34.2% versus
18.6%, p=0.0002). Household income was inversely asso-
ciated with risk of injury (p=0.0102).

Mechanisms, timing, and the type of injury are described
in Table 2. The leading mechanism of injury was falling
(n=35, 45.5%): 20 (26.0%) injured women reported falling
on level ground, and an additional 15 (19.5%) reported fall-
ing from a height. MVCs were the cause of 29.9% of reported
injuries. Fewer women were injured in the first trimester
(16.5%) as compared to the second (41.8%) and third
(41.8%) trimesters. Although most injured women reported
an injury to one body part (67.5%), 17 women (21.3%) re-
ported injury to two or more body parts. Nearly 85% (67/80)
women sought medical care following the injury, with 68.7%
(46/67) of those going to an emergency room. Almost 25%
(19/80) of injuries were to the abdomen.

Several maternal and pregnancy characteristics were sig-
nificant risk factors for an injury during pregnancy (Table 3).
In unadjusted analyses, a high school education or less, not
having a partner during pregnancy, smoking at any time
during pregnancy, having an unintended pregnancy, being
just “‘okay’’ about the pregnancy, and living at or below
poverty level were associated with increased risk of injury.
After controlling for maternal age at delivery, several ma-
ternal characteristics were associated with a twofold in-
creased risk of injury: no more than a high school education
(aOR=2.30 [1.15-4.61]), no partner during pregnancy
(aOR=3.28 [1.59-6.77]), unintended pregnancy (aOR =2.28
[1.40-3.70]), and living near poor/poor poverty level (aOR =
226 [1.08-4.74]). After adjustment for maternal age and
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TABLE 2. INJURY MECHANISMS, TIMING DURING
PREGNANCY, AND MEDICAL CARE SOUGHT, lowA
HEALTH IN PREGNANCY STUDY, 2002-2005 (N=80)

Injured subjects

Injury characteristic (n=80) (n column%)

Month of pregnancy injured

Months 1-3 13 (16.5)

Months 4-6 33 (41.8)

Months 7-9 33 (41.8)
Seen by doctor for injury

Yes 67 (84.8)

No 12 (15.2)
Went to hospital or ER for injury

Yes 46 (58.2)

No 33 (41.8)
Mechanism of Injury

Falls 35 (45.5)

Fall from height 15 (19.5)
Fall same level 20 (26.0)

Transportation related 23 (29.9)

Other 19 (24.7)
Number of body parts injured

None 9 (11.3)

1 54 (67.5)

2+ 17 (21.3)
Injury location

Abdomen alone 11 (14.1)

Abdomen and other location(s) 8 (10.3)

Nonabdominal injury 59 (75.6)

ER, emergency room.

pregnancy intention, low education attainment and living near
poor/poor poverty level were no longer significantly associated
with risk of injury, but absence of a partner during pregnancy
still presented a twofold (aOR=2.45 [1.16-5.17]) increased
risk of injury.

Discussion

Over 5% of women reported a serious injury during
pregnancy. Consistent with previous literature, we found that
in unadjusted analyses, women with less education, those
who were younger, not married, or who smoked at any time
during pregnancy were more likely to be injured during
pregnancy.>!'%!5 After controlling for maternal age and un-
intended pregnancy, however, only lack of a partner during
pregnancy remained a significant risk factor for injury.

We identified risk factors that were not consistent with
those found in previous literature. Although the study by
Tinker et al. found no risk difference by pregnancy intention,
we noted a twofold significantly increased risk of injury
among women with unintended pregnancies. This difference
may be owing to the populations sampled, the specific
questions used to measure pregnancy intention, or the other
study’s ability to control for more covariates with a larger
sample. In addition, including pregnancy intention in the
multivariable model neutralized increasing age as a protec-
tive factor, and poverty has a risk factor for injury. We hy-
pothesize that this may be owing to younger women being
more likely to have unintended pregnancies.'®!” Therefore,
the two studies may be measuring a similar factor, although
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they were not strongly correlated (r=0.30, p = <0.0001).
This same relationship may exist between living in or near
poverty and unintended pregnancy (r=0.34, p = <0.0001),
potentially reducing the effect of poverty.

Previous research into prenatal injury has focused on ma-
ternal exposures and characteristics, whereas little attention
has been paid to the environment in which these individuals
live. Our analysis is the first to report that living in poor or
near-poor circumstances is associated with increased risk of
injury during pregnancy. Poverty threshold is the ratio of in-
come to the number of individuals in the home, standardized to
federal poverty guidelines, a potentially better indicator of
living conditions, crowding, and socioeconomic status than
income alone. Of note, Tinker et al.> examined household
income and family size as separate covariates in their adjusted
model and found that these factors were not associated with an
increased risk for injury. Taken together with our results, this
finding suggests that income and family size alone may not be
of importance until standardized to the federal poverty
guidelines as a comparison to the general population.

As previously reported, the leading mechanisms of injury
were falls and transportation-related.>%%15-18 For this reason,
prenatal-care providers should discuss risks of falling during
pregnancy to increase awareness that as pregnancy progresses,
women will experience a shift in the center of gravidity as the
abdomen extends beyond the pelvis, accompanied by a de-
crease in postural stability.!*2° In addition, increased coun-
seling in proper safety restraint use during pregnancy may not
decrease a woman’s risk of being involved in an MVC but
could reduce the severity of injury to her and her unborn child
should a crash occur.

Over 5% of women reported an injury during pregnancy;
this prevalence is similar to several diseases of pregnancy
(e.g., preeclampsia, gestational diabetes). We also found that
many of the risk factors for injury are also risk factors for
other pregnancy complications. Targeting all women, par-
ticularly those with an unintended pregnancy, for injury-
prevention education during pregnancy may reduce the
occurrence of these injuries.

Limitations to this study include recall bias, participation
bias, the inability to classify the severity of injuries, and the
potential for residual confounding owing to our small sample
size. Subjects were asked to recall “‘serious’ injuries, which
may be more likely to result in seeing a doctor or going to a
hospital, although over 15% of women reporting such an
injury did not see a doctor for the injury. In addition, as the
interviews were completed, on average, 9 months postpar-
tum, women may have forgotten injuries, resulting in a re-
duced prevalence estimate. As women were asked to recall
“‘serious’’ injuries, their interpretations of what is a serious
injury may have varied, leading to inconsistent reporting of
injuries during pregnancy. Participants were slightly more
likely than nonparticipants to be white, have more education,
and less likely to smoke, which may have some effect on
generalizability. Therefore, the results reported here may not
be generalizable to all pregnant women but only women
similar to the participants. Even in the more socially advan-
taged group studied here, the risk of injury in pregnancy was
still most prevalent among women who were younger, had
less education, and had lower household incomes. Thus, the
risk of injury among those who did not participate may be
even higher, which would lead to an underestimation of
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TABLE 3. UNADJUSTED, AGE, AND PREGNANCY-INTENTION ADJUSTED ODDS OF INJURY, CONTROL SUBJECTS,
Iowa HEALTH IN PREGNANCY STUDY, 2002-2005 (N=1,488)

Injured at any time during pregnancy

Age and pregnancy

Maternal/pregnancy characteristics

OR [95% CI]

Age-adjusted
OR [95% CI]

intention adjusted
OR [95% CI]

Maternal age
Continuous
18-19
20-24
25-29
30-34
35+

Maternal race/ethnicity
White
Nonwhite

Maternal education
<High school
Some college
College graduate
Master or professional

Marital status
Married
Not married but in a relationship
No partner

Smoked at any time during pregnancy
Yes
No

Pregnancy intended
Yes
No

Pregnancy excitement
Excited
Okay
Not sure/didn’t want

Household income ($)
0-31,000
31,001-56,000
56,001-80,000
80,001 +

Poverty threshold
Poor/near poor
Low income
Medium income
High income

0.94 10.91,0.99]
2.57 [1.32-4.99]
2.24 [1.15,4.33]

1.0 [Reference]
0.87 [0.44,1.74]
1.58 [0.75,3.35]

1.0 [Reference]
1.57 [0.90,2.73]

2.75 [1.46,5.18]
1.59 [0.85,2.96]
1.0 [Reference]
1.54 [0.72,3.28]

1.0 [Reference]
1.72 [0.93,3.18]
3.66 [1.86,7.17]

1.97 [1.22,3.19]
1.0 [Reference]

1.0 [Reference]
2.49 [1.56,3.95]

1.0 [Reference]
2.12 [1.07,4.17]
1.56 [0.75,3.24]

1.0 [Reference]
0.43 [0.22,0.82]
0.47 [0.25,0.88]
0.45 [0.24,0.87]

(1. ]
[0. 87 3. 88]
% ]

Reference]

0.94 [0.91,0.99]

1.0 [Reference]
1.44 [0.82,2.53]

2.30 [1.15,4.61]
1.46 [0.77,2.76]

1.0 [Reference]
1.64 [0.77,3.50]

1 .0 [Reference]
.55 10.79,3.02]
.28 [1.59,6.77]

1.72 [1.03,2.86]
1.0 [Reference]

1.0 [Reference]
2.28 [1.40,3.70]

1.0 [Reference]
1.68 [0.93,3.03]
1.92 [0.96,3.83]

1.0 [Reference]
0.47 [0.24,0.91]
0.54 [0.27,1.07]
0.97 [0.92,1.03]

2.26 [1.08,4.74]
1.63 [0.74,3.56]
1.41 [0.76,2.65]

1.0 [Reference]

0.97 [0.93,1.02]

1.0 [Reference]
1.35 [0.77,2.37]

1.93 [0.95,3.92]
1.29 [0.67,2.46]
1.0 [Reference]
1.73 [0.80,3.73]

1.0 [Reference]
1.18 [0.59,2.35]
245 [1.16,5.17]

1.50 [0.90,2.51]
1.0 [Reference]

1.0 [Reference]
2.28 [1.40,3.70]

1.0 [Reference]
1.14 [0.60,2.19]
1.24 [0.58,2.62]

1.0 [Reference]
0.52 [0.27,1.03]
0.65 [0.33,1.32]
0.70 [0.32,1.52]

1.74 10.82,3.72]
1.30 [0.59,2.90]
1.24 [0.66,2.35]

1.0 [Reference]

CI, confidence interval; OR, odds ratio.

injury prevalence during pregnancy in our study. On the other
hand, our sample population may be more likely to take risks
during pregnancy, as the prevalence of smoking (20% versus
12.2%-13.1%)*" and alcohol use (37% versus 12.2%)” in
our sample of births is higher than that estimated nationally;
therefore, our estimate may be inflated compared to the
general pregnancy population. Finally, our sample is limited
to women who have term and normally grown infants. Given
that previous research suggests that injuries are associated
with poor pregnancy outcomes, we may be underestimating
the prevalence of injuries among all pregnant women.
Strengths of the research presented here include the study
of a nonhospital or clinic-based population who provided

information on injuries during pregnancy, mechanism of in-
jury, body parts injured, trimester of injury, and numerous
maternal and reproductive health characteristics. Previous
studies on injuries during pregnancy have focused on how
injuries affect pregnancy outcome, whereas our study iden-
tifies risk factors associated with an increased risk of injuries
during pregnancy. Because injuries have been shown to im-
pact pregnancy outcome, we must understand how to prevent
injuries and the resulting negative outcomes. Through this
analysis, we may have identified modifiable risk factors for
injuries and high-risk pregnancy populations for targeted in-
terventions. We were able to identify women at high risk based
upon their individual characteristics and the environment in
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which they live. In addition, pregnancy intention was identi-
fied as a risk factor for injury during pregnancy and may be
used by clinicians to inform injury-prevention anticipatory
guidance among women at greater risk for injury.

In conclusion, pregnant women are at high risk of injury.
The occurrence of injuries is similar to that observed for other
pregnancy-related complications. To date, very few population-
based studies have been conducted to identify high-risk sub-
groups to target for education and prevention services. The
current research suggests that women with unintended preg-
nancy, living in poverty, with less education, or without a
partner during pregnancy are at increased risk and should be
targeted. Further population-based research is needed to iden-
tify both environmental and individual risk factors associated
with injury during pregnancy to guide evidence-based maternal
education and effective preventive interventions.
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