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BACKGROUND: Case reports and series have suggested an association between injury during pregnancy
and several nervous system and nervous system-related adverse fetal/neonatal outcomes. This study’s pur-
pose is to further determine if there is an association between injury during pregnancy and nervous system
birth defects in infancy. METHODS: Through a case—control study, the association between injury during
pregnancy and nervous system birth defects was tested using the Texas Birth Defects Registry (1999-2003).
Semiautomated probabilistic bias analysis was used to correct for systematic error from misclassification of
injury during pregnancy. RESULTS: Of the 59,750 infants eligible for this study, 4144 (6.94%) were diagnosed
with a nervous system birth defect and 315 (0.53%) of the infants” mothers were injured during pregnancy.
Among these 315 women, 25 (7.94%) delivered an infant with a subsequent nervous system birth defect.
The adjusted odds ratio for the association between injury during pregnancy and nervous system birth
defects among all study infants was 1.00; 95% confidence interval, 0.63-1.56 and 2.44; 95% confidence inter-

val, 1.08-5.53 among breech presentation infants. Probabilistic bias analysis supgorted these findings.
CONCLUSION: No association between injury during pregnancy and nervous system birth defects was iden-

tified. Further exploration into the association among breech presentation infants is warranted. Birth
Defects Research (Part A) 97:641-648, 2013. © 2013 Wiley Periodicals, Inc.
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INTRODUCTION

Approximately 7% of pregnant women experience

pregnancy (Connolly et al, 1997; Shah et al, 1998;
Baerga-Varela et al., 2000; Weiss et al., 2001; Ikossi et al.,
2005; Leroy-Malherbe et al., 2006; Weiss, 2006; Nannini

injury during pregnancy (Peckham and King, 1963; Tin-
ker et al., 2010); 3.9% of all pregnant women sustain an
injury during pregnancy that results in a visit to an
emergency department (Weiss et al., 2008); and 0.3 to
0.4% of pregnant women will have a trauma-related hos-
pital admission (Lavin and Polsky, 1983). The causes of
injury during pregnancy are thought to parallel the
general population’s (Weintraub et al,, 2006), because
pregnant women in the United States usually continue
most everyday activities throughout pregnancy (Colburn,
1999). Some of the most frequent causes of injury during
pregnancy are motor vehicle crashes, falls, being hit by
an object or person, burns, poisoning, being cut or
pierced, and overexertion. Motor vehicle crashes are
the primary reported cause of serious injury during

et al., 2008; Kvarnstrand et al., 2008).

Injury during pregnancy has been associated with sev-
eral adverse fetal and pregnancy outcomes (Pearlman
et al., 1990; Wolf et al.,, 1993; Greenblatt et al.,, 1997;
Klinich et al.,, 1998; Weiss, 1999; Corona-Rivera et al.,
2001; Hyde et al., 2003; El-Kady et al., 2004; Schiff and
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Holt, 2005; Weiss, 2006; Kuo et al., 2007; Klinich et al.,
2008; Oxford and Ludmir, 2009). In addition, fetal brain
injury (Bowdler et al., 1987; Stafford et al., 1988; Knuppel
et al., 1994; Ankuist et al., 1994; Baethmann et al., 1996;
Litmanovitz et al.,, 2000), long bone fractures (Crosby,
1974), intraabdominal injuries (Fries et al., 1989; Parida
et al., 1999), and intrathoracic injuries (Sherer et al., 1993;
Litmanovitz et al, 2000) have been reported due to
motor vehicle crashes during pregnancy. Although there
are many associations between injury during pregnancy
and adverse pregnancy and fetal outcomes, few studies
have examined the relationship between injury during
pregnancy and birth defects (Richards, 1969; Tinker
et al., 2011).

Approximately 150,000 infants (Petrini et al., 2002), or
3% of all live born infants, are born with a birth defect in
the United States each year (Honein et al., 1999; Centers
for Disease Control and Prevention, 2012a). For at least
the past 20 years, birth defects have been the leading
cause of infant mortality in the United States, accounting
for approximately 20% of all infant deaths (Petrini et al.,
2002). However, less than 4% of infants born with a birth
defect will die within the first year of life (Petrini et al.,
2002), and of those that do, more than 70% of the deaths
occur in the neonatal period (Anderson, 2001). The
infants that survive with a birth defect often face lifelong
challenges including a greater chance of death and ill-
ness, such as mild health problems, social challenges,
long term disability, and reduced quality of life, when
compared with infants without birth defects (Petrini
et al., 2002; Centers for Disease Control and Prevention
2012b).

Despite the public health implications of birth defects,
in 65 to 70% of birth defect cases, the cause of the birth
defect remains unknown (Institute of Medicine, 2003). It
has been reported that any alteration in the developmen-
tal processes of the fetus may cause severe nervous sys-
tem birth defects (Rice and Barone, 2000) and injury
during pregnancy could be a mechanism for alteration.
Furthermore, case reports and case series have suggested
an association between injury during pregnancy and sev-
eral nervous system and nervous system-related fetal/
neonatal (Richards, 1969; Bowdler et al., 1987; Baethmann
et al., 1996; Strigini et al., 2001, Hagmann et al., 2004;
Leroy-Malherbe et al., 2006) and infant (Bowdler et al.,
1987; Litmanovitz et al., 2000) outcomes. However, the
association between injury during pregnancy and select
nervous system birth defects on a population level has
only recently been examined and no association was
found (Tinker et al., 2011). The purpose of this study is
to further explore the potential association between
injury during pregnancy and nervous system birth
defects in infancy.

MATERIALS AND METHODS
Data Collection

Birth defects data were obtained from the Texas Birth
Defects Registry (TBDR) (Centers for Disease Control
and Prevention, 2012c). The TBDR is a population-based
registry that uses active surveillance and began collecting
birth defects data in 1996 with statewide surveillance be-
ginning in 1999 (Texas Birth Defects Epidemiology and
Surveillance Branch, 2012a). Registry data are collected
by trained program staff that visit medical facilities to
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review log books, hospital discharge lists, and other
records to create a list of potential birth defect cases. Pro-
gram staff then review the medical charts of each poten-
tial case. If the infant or fetus is determined to have at
least one of the birth defects covered by the registry,
they are included in the registry and detailed demo-
graphic and diagnostic information is abstracted from
their records. Quality control procedures are in place for
finding cases, abstracting information, and coding defects
from the records to help ensure the registry’s complete-
ness and accuracy. Records based on abstracted medical
information are then matched to vital statistics records
including birth certificates and fetal death certificates
from the Vital Statistics Unit at the Texas Department of
State Health Services. Further details on the TBDR and
its inclusion/exclusion criteria have been described else-
where (Texas Birth Defects Epidemiology and Surveil-
lance Branch, 2012a; Texas Department of State Health
Services, 2012).

Study Population

Inclusion criteria for this study were that the infant
was born during 1999-2003, was a live birth, and was
not diagnosed with any chromosomal birth defects (Brit-
ish Pediatric Association [BPA] code 758; N =5908).
Cases classified as a spontaneous fetal death (N = 1547),
induced termination of pregnancy (N =1745), or an
unspecified fetal death/pregnancy termination (N = 100)
were excluded from this study. The study population
consisted of 59,750 live born infants.

Definition of Cases and Controls and Exposure of
Interest

The case definition was diagnosis of a nervous system
birth defect as indicated by a BPA code of 742 in the
TBDR. The BPA code 742 includes: encephalocele, micro-
cephalus, reduction deformities of the brain, congenital
hydrocephalus, other specified anomalies of the brain,
other specified anomalies of the spinal cord, other speci-
fied anomalies of the nervous system, and unspecified
anomalies of the brain, spinal cord, and nervous system.
Study controls consisted of all remaining infants in the
TBDR, after the exclusions discussed above, that were
diagnosed with a birth defect other than a nervous sys-
tem birth defect. The exposure of interest was maternal
injury during pregnancy. An infant was classified as
exposed to a maternal injury during pregnancy if injury
during pregnancy was indicated as a maternal illness,
condition, or complication the infant’s TBDR record.
Maternal injury during pregnancy was a dichotomous
variable, but included abdominal trauma, abuse, motor
vehicle crash, gunshot wound, or the general category of
“injuries during this pregnancy.” No information was
available on the timing or severity of injury, and, due to
inconsistent measurement of injury mechanism between
study years, injury mechanism was not able to be accu-
rately analyzed.

Data Analysis

Logistic regression was used to test the association
between injury during pregnancy and nervous system
birth defects. The main effects model was built using
univariate analysis followed by step-up and then step-
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Table 1
Frequency and Percentage of Injury during Pregnancy by Nervous System Defects: Texas, 1999 to 2003

Injury during pregnancy

Type of nervous system birth defect (BPA code) N Yes % No %

No. of infants with any nervous system birth defect (742) 4,144 25 0.60 4,119 99.40
Other specified anomalies of brain (742.4) 1,513 8 0.53 1,505 99.47
Congenital hydrocephalus (742.3) 1,159 4 0.35 1,155 99.65
Microcephalus (742.1) 1,085 9 0.83 1,076 99.17
Reduction deformities of brain (742.2) 927 7 0.76 920 99.24
Other specified anomalies of spinal cord (742.5) 303 3 0.99 300 99.01
Encephalocele (742.0) 118 1 0.85 117 99.15
Other specified anomalies of nervous system (742.8) 82 1 1.22 81 98.78
Unspecified anomalies of brain, spinal cord and nervous system (742.9) 9 0 0.00 9 100.00

BPA, British Pediatric Association.

down regression. First-order interactions among the
main effects variables were tested through univariate
analysis followed by a global test for interactions and
step-down regression (Sauber-Schatz, 2008). The final
built model adjusted for infant gender, gestational age at
birth, maternal race (white vs. non-white), maternal edu-
cation (greater or less than high school), low birth
weight, tobacco use during pregnancy, number of birth
defects, hydramnios, breech presentation, and umbilical
cord complications (Hosmer-Lemeshow p=0.0613). A
significant effect modification on the multiplicative scale
between breech presentation and injury during preg-
nancy was identified (p value =0.0161); therefore, strati-
fied analyses (breech and nonbreech) were performed.

Probabilistic Bias Analysis

Semiautomated probabilistic bias analysis was used to
correct for systematic error due to misclassification of
injury during pregnancy (Lash and Fink, 2003; Fox et al.,
2005). This analysis results in three intervals and graphs
of the distribution. The first interval, the conventional
odds ratio and 95% confidence interval, only accounts
for random error (Fox et al., 2005). The second and third
simulation intervals account for systematic error only
and both the systematic and random error, respectively
(Fox et al., 2005). The methods of the analysis are
described in more detail elsewhere (Lash and Fink, 2003;
Fox et al., 2005). Misclassification of injury during preg-
nancy was specified as nondifferential (Szklo and Nieto,
2000), sensitivity was set equal to 0.075 to account for
extreme exposure misclassification, and 1.0 was used as
the specificity because indication of exposure was consid-
ered accurate. Based on injury during pregnancy counts
within strata, a sensitivity of 0.095 for breech presenta-
tion and a sensitivity of 0.073 for nonbreech presentation
were used.

All analyses were conducted in SAS 9.1 (SAS Institute,
Cary, NC). This study was approved by the University
of Pittsburgh’s Institutional Review Board.

RESULTS

Of the 59,750 study infants, 4,144 (6.9%) were diag-
nosed with at least one nervous system birth defect (BPA
code 742). Injuries during pregnancy were reported
among 315 (0.53%) of the 59,750 infants; of these, 25

(7.9%) were also diagnosed with a nervous system birth
defect (Table 1). A higher percentage of women who
were injured during pregnancy were younger in age,
Black or Hispanic, born in the United States, reported
alcohol use during pregnancy, reported tobacco use dur-
ing pregnancy, had breech presentation at delivery, had
hydramnios, and had umbilical cord complications com-
pared with women who were not injured during preg-
nancy (Table 2).

The unadjusted odds ratio (OR) and adjusted odds ra-
tio (aOR) with corresponding 95% confidence intervals
(95% CI) for the association between injury during preg-
nancy and nervous system birth defects were OR, 1.16;
95% CI, 0.77-1.76 and aOR, 1.00; 95% CI, 0.63-1.56,
respectively (Table 3). Accounting for exposure misclassi-
fication changed the OR for the unadjusted analysis very
little: OR, 1.17; 95% CI, 0.77-1.80. Whereas, the aOR
moved slightly upward and away from the null
aOR =1.16, 95% CI, 0.73-1.85 when accounting for expo-
sure misclassification (Table 3). This suggests that the
misclassification of injury during pregnancy in the con-
ventional analysis was biased slightly toward the null,
but not enough to effect the overall conclusion of no
association.

Breech presentation modified the effect of injury
during pregnancy on the risk of a nervous system
birth defect. Of the infants with a breech presentation
(n=6001), 40 were exposed to a maternal injury
during pregnancy and 610 were diagnosed with a
nervous system birth defect. Among infants diagnosed
with a breech presentation, the infants who were
exposed to a maternal injury during pregnancy were
more likely to be diagnosed with a nervous system
birth defect than those who were not exposed to a
maternal injury during pregnancy aOR, 2.44; 95% CI,
1.08-5.53 (Table 4). Among pregnancies with non-
breech presentation, there was no association aOR,
0.73; 95% CI, 0.42-1.30.

Accounting for exposure misclassification increased
the OR for the adjusted analysis among breech presenta-
tion infants: aOR, 3.34; 95% CI, 1.43-7.85 (Table 4). This
suggests that the misclassification of injury during preg-
nancy among breech presentation infants was biased to-
ward the null. For nonbreech presentation, the aOR
increased slightly when exposure misclassification was
accounted for: aOR, 0.81; 95% CI,0.44-1.46, but there
remained no association (Table 4).
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Table 2
Maternal, Pregnancy, and Infant Variables by Injury during Pregnancy Status: Texas, 1999 to 2003

Injury during pregnancy Missing
Maternal variables N % Yes % No % N
Age group 0
<20 8,754 14.65 64 20.32 8,690 14.62
20-24 16,150 27.03 104 33.02 16,046 27.00
25-29 15,514 25.96 75 23.81 15,439 25.98
30-34 12,159 20.35 50 15.87 12,109 20.37
35-39 5,895 9.87 18 5.71 5,877 9.89
40+ 1,278 2.14 4 127 1,274 2.14
Ethnicity 38
White 24,634 41.25 120 38.10 24,514 41.27
Black 6,513 10.91 43 13.65 6,470 10.89
Hispanic 26,821 4492 146 46.35 26,675 4491
Other 1,744 2.92 6 1.90 1,738 2.93
Birth place 833
United States 42,814 71.66 250 81.43 42,564 72.62
Mexico 11,678 19.54 38 12.38 11,640 19.86
Other 4,425 7.41 19 6.19 4,406 7.52
High school education 1,662
Less than high school education 18,457 31.77 94 31.23 18,363 31.78
Greater than high school education 39,631 68.23 207 68.77 39,424 68.22
Pregnancy variables
No. of live births (including current) 970
One 23,865 39.94 145 46.03 23,720 40.57
Two 18,344 30.70 95 30.16 18,249 31.21
Three or more 16,571 27.73 75 23.8 16,496 28.21
No. of pregnancies (including current) 910
One 19,497 32.63 114 36.19 19,383 33.12
Two 16,544 27.69 79 25.08 16,465 28.13
Three or more 22,799 38.16 122 38.73 22,677 38.75
Prenatal care during pregnancy 23,526
No 2,725 7.52 9 3.90 2,716 7.55
Yes 33,499 92.48 222 96.10 33,277 92.45
Alcohol during pregnancy 0
No 56,422 94.43 279 88.57 56,143 94.46
Yes 3,328 5.57 36 11.43 3,292 5.54
Tobacco during pregnancy 0
No 53,720 89.91 244 77.46 53,476 89.97
Yes 6,030 10.09 71 22.54 5,959 10.03
Any diabetes during pregnancy 0
No 54,979 92.02 292 92.70 54,687 92.01
Yes 4,771 7.98 23 7.30 4,748 7.99
Any bleeding during pregnancy 0
No 58,586 98.05 301 95.56 58,285 98.07
Yes 1,164 1.95 14 4.44 1,150 1.93
Hypertension during pregnancy 0
No 57,713 96.59 304 96.51 57,409 96.59
Yes 2,037 3.41 11 3.49 2,026 3.41
Breech presentation at delivery 0
No 53,749 89.96 275 87.30 53,474 89.97
Yes 6,001 10.04 40 12.70 5,961 10.03
Hydramnios 0
No 58,189 97.39 304 96.51 57,885 97.39
Yes 1,561 2.61 11 3.49 1,550 2.61
Umbilical cord complications 0
No 51,734 86.58 261 82.86 51,473 86.60
Yes 8,016 13.42 54 17.14 7,962 13.40
Infant variables
Gender 57
Female 23,698 39.70 120 38.10 23,578 39.71
Male 35,995 60.30 195 61.90 35,800 60.29
Gestational age 2,015
<=27 weeks 2,494 4.32 11 3.59 2,483 4.32
28-32 weeks 3,171 5.49 16 5.23 3,155 5.49
33-36 weeks 8,070 13.98 53 17.32 8,017 13.96
>=37 weeks 44,000 76.21 226 73.86 43,774 76.22
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Table 2. (continued).
Injury during pregnancy Missing
Maternal variables N % Yes Y% No Y% N
Birth weight 3,640
Low (<2500 grams) 11,920 19.95 67 21.27 11,853 19.94
Normal (2500-3999 grams) 43,210 72.32 229 72.70 42,981 72.32
High (>=4000 grams) 4,620 7.73 19 6.03 4,601 7.74
No. of birth defects 0
1 26,962 45.12 135 42.86 26,827 45.14
2 12,510 20.94 60 19.05 12,450 20.95
3 7,175 12.01 44 13.97 7,131 12.00
4 4,270 7.15 20 6.35 4,250 7.15
5+ 8,833 14.79 56 17.78 8,777 14.77
Infant died during first year of life 0
No 57,049 95.48 16 5.08 2,685 4.52
Yes 2,701 4.52 299 94.92 56,750 95.48

DISCUSSION

Although case reports and case series have suggested
an association between injury during pregnancy and sev-
eral nervous system and nervous system-related fetal/
neonatal outcomes (Bowdler et al., 1987; Baethmann
et al, 1996; Litmanovitz et al, 2000; Hagmann et al.,
2004; Leroy-Malherbe et al., 2006), this study replicated
prior findings by Tinker et al. (2011) of no association
between injury during pregnancy and nervous system
birth defects on the population level. Perhaps the main
difference between the case reports and case series and
the population-based studies is the lacking detail on
injury severity, timing, and mechanism that was a limita-
tion in this study and Tinker et al. (2011). The limited
injury information both in quantity and quality might
account for the observed null findings.

The TBDR is one of the few databases that includes in-
formation on injury during pregnancy and birth defects,
but there is no timing of injury, severity of injury, or con-
sistent mechanism of injury information available. Tim-
ing of injury information is important to assess when
available, because the various regions of the brain form
at different times; therefore, the timing of insults, their

Table 3
Probabilistic Bias Analyses Results for the Association
between Injury during Pregnancy and Nervous
System Birth Defects: Texas, 1999 to 2003

Analyses® OR 95% CI
Unadjusted analysis
Conventional analysis 1.16 (0.77-1.76)
Sensitivity analysis 1.17 (1.05-1.31)
Total error analysis 1.17 (0.77-1.80)
Adjusted analysis
Conventional analysis 1.00 (0.63-1.56)
Sensitivity analysis 1.16 (1.03-1.31)
Total error analysis 1.16 (0.73-1.85)

210,000 Iterations, Sensitivity = 0.075, Specificity = 1.0.

P Adjustment variables: infant gender, gestational age at birth,
maternal race, maternal education, low birth weight, tobacco use
during pregnancy, number of birth defects, hydramnios, breech
presentation, and umbilical cord complications.

OR, odds ratio; CI, confidence interval.

severity, and nature will likely determine the type or pat-
tern of brain injury, how the neurological disorder is
expressed, and the extent to which the individual’s func-
tioning abilities will be affected (Rees and Harding;
2004). When available, assessing the timing of injury in
future studies should be done to help identify windows
of vulnerability for adverse nervous system outcomes
following injury during pregnancy. It has also been
shown that regardless of the severity of a pregnant wom-
an’s injury, the pregnancy and/or fetus can still experi-
ence adverse outcomes and even fetal death (Agran
et al., 1987; Fries et al., 1989; Esposito et al., 1991; Poole
et al., 1996; Baerga-Varela et al., 2000; Schiff and Holt,

Table 4
Probabilistic Bias Analyses Results for the Association
between Injury during Pregnancy and Nervous
System Birth Defects, Stratified by Breech and
Nonbreech Presentation: Texas, 1999 to 2003

Parameter OR 95% CI
Breech analyses®
Unadjusted analysis
Conventional analysis 2.99 (1.45-6.03)
Sensitivity analysis 3.38 (2.69-4.23)
Total error analysis 3.38 (1.59-7.28)
Adjusted analysis
Conventional analysis 244 (1.08-5.53)
Sensitivity analysis 3.35 (2.60-4.25)
Total error analysis 3.34 (1.43-7.85)
Nonbreech analyses®
Unadjusted analysis
Conventional analysis 0.82 (0.49-1.40)
Sensitivity analysis 0.81 (0.71-0.93)
Total error analysis 0.82 (0.47-1.40)
Adjusted analysis
Conventional analysis 0.73 (0.42-1.30)
Sensitivity analysis 0.81 (0.69-0.93)
Total error analysis 0.81 (0.44-1.46)

10,000 Iterations, Sensitivity = 0.095, Specificity = 1.0.

P Adjustment variables: infant gender, gestational age at birth,
maternal race, maternal education, low birth weight, tobacco use
during pregnancy, number of birth defects, hydramnios, breech
presentation, and umbilical cord complications.

10,000 Iterations, Sensitivity = 0.073, Specificity = 1.0.

OR, odds ratio; CI, confidence interval.
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2002; Schiff et al., 2002; Grossman, 2004; Schiff and Holt,
2005). Therefore, similar to injury timing, when available,
injury severity should be analyzed to further explore dif-
ferent types or severities of adverse maternal and fetal
outcomes following various severities of injury. Data and
future studies should account for timing of injury, injury
severity, and injury mechanisms when available. How-
ever, for that data to be available for study, injuries need
to be assessed, reported, and recorded in detail.

The strong association between injury during pregnancy
and nervous system birth defects among infants with
breech presentation was a novel finding that should be
further explored. Breech presentation can be caused by
underlying fetal or maternal abnormality, can be a chance
occurrence, or can reportedly be related to a benign variant
such as cornual placental position (Cluver et al., 2012).
Although the cause of breech may be unknown, it is
reported in approximately 3 to 4% of term pregnancies
(Hickok et al., 1992). In this study, 12.7% of infants whose
mother was injured during pregnancy and 10.0% of infants
whose mother was not injured during pregnancy were
breech presentation at delivery; this is a much higher per-
centage than is seen in the general population, but not
unexpected. Birth defects are associated with breech pre-
sentation (Rayl et al., 1996; Ford et al., 2010), and fetal mo-
bility can be affected by neurologic defects (Sival, 1993).
However, it is unknown what is actually driving the asso-
ciation among breech presentation infants in this study. It
can be speculated that through direct injury, reproductive
organ injury, iatrogenic effects, hypoxia or ischemia, and/
or stress, an injury during pregnancy may disrupt a devel-
opmental pathway leading to a nervous system birth
defect, which in turn affects the normal rotation of the fe-
tus and results in breech presentation. More research is
needed to better understand if this finding is due to preex-
isting neurologic conditions that led to the breech presen-
tation, or if breech pregnancy increases the likelihood of
neurologic injury resulting from trauma.

Strengths and Limitations

There are several strengths to this study. The first is
the choice of the data source. Both cases and controls
were identified from the TBDR. Therefore, both groups
were subjected to the same active surveillance data col-
lection efforts and recall regarding exposure, so no bias
is introduced (Gordis, 2000). However, because controls
were infants diagnosed with other birth defects and a
few select birth defects have recently been associated
with injury during pregnancy (Tinker et al.,, 2011), it is
possible that there is a bias toward the null for the asso-
ciation between injury during pregnancy and nervous
system birth defects. A second strength of this study is
that, because trauma during pregnancy is relatively rare,
it is ideal to study using large secondary data sources
(Ikossi et al., 2005), such as the TBDR. Another strength
is that many studies that examine the role of trauma dur-
ing pregnancy focus on hospitalization or fetal death
reviews (Hyde et al., 2003), but by using the TBDR, the
women who were injured during pregnancy did not
need to be hospitalized for their injury or experience the
severe outcome of fetal death to be included in this
study. This could also be seen as a study limitation, in
that the inclusion of minor injuries might dilute or mask
associations. A final strength is that we were able to
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report secondary ORs and 95% Cls that better quantifies
the results when misclassification exists by using the
probabilistic bias analysis.

A limitation of this study was the potential for the
TBDR to miss cases of birth defects that were eligible for
inclusion into the registry. For instance, birth defect cases
are not included in the registry if they are diagnosed
beyond an infant’s first year of life (other than cases of
fetal alcohol syndrome). This is an important limitation
to consider when studying nervous system birth defects
because nervous system birth defects might not be diag-
nosed until later in life when a child is not meeting de-
velopmental milestones. Another way cases could be
missed is if they were diagnosed outside of Texas or in
prenatal diagnostic facilities or private physicians” offices
(which are not included in the TBDR) (Texas Birth
Defects Epidemiology and Surveillance Branch, 2012b). A
second limitation of this study is that the data are older.
The TBDR currently has more recent years of data avail-
able, but adding more recent years of data is not feasible.
The data management involved in merging and linking
the 1999 to 2003 data and combining and collapsing
study variables for consistency in definition was highly
involved and time consuming. A final study limitation is
that the generalizability of the study results beyond the
state of Texas is unknown.

Future Research

This study’s significant and novel finding of an associ-
ation between injury during pregnancy and nervous sys-
tem birth defects among breech presentation infants
merits further exploration. Going beyond this study’s
scope and overall outcome of nervous system birth
defects, there are other birth defects (Tinker et al., 2011),
specific nervous system birth defects, and other neuro-
related outcomes that should be assessed in future stud-
ies. Especially because neurodevelopmental disabilities
affect 3 to 8% of the 4 million babies born each year in
the United States (Weiss and Landrigan, 2000) and the
cause of fewer than 25% of neurodevelopmental disabil-
ities such as dyslexia, attention deficit hyperactivity dis-
order, intellectual retardation, and autism is known
(Weiss and Landrigan, 2000). Support for these hypothe-
ses could be garnered from Morris et al. who reported
that approximately 40% of the neonates in their study
that survived emergency cesarean section following
maternal trauma had moderate to serious disabilities,
many had neurobehavioral dysfunction and poor school
performance (Morris et al., 1996). Therefore, the associa-
tion between injury during pregnancy and other neuro-
related outcomes should be considered, while also taking
into consideration gestational age at birth. In conclusion,
although no association between injury during preg-
nancy and nervous system birth defects was found in
this study, the literature continues to support injury dur-
ing pregnancy as a preventable risk factor for many
adverse pregnancy, fetal, and infant outcomes on a case
level. The novel association between injury during preg-
nancy and nervous system birth defects among infants
with breech presentation should be further explored.
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