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BACKGROUND: The prevalence of gastroschisis is increasing in many parts of the world, although the etiol-
ogy is largely unexplained. Young maternal age has been the only consistently identified, strong risk factor.
The objective of this study was to examine the role of maternal nativity in relation to other suspected risk
factors for gastroschisis in Florida. METHODS: We conducted a retrospective cohort study of singleton
infants born in Florida from 1998-2003. Gastroschisis cases were identified from the Florida Birth Defects
Registry. Demographic and perinatal data were obtained from birth records. Multivariable Poisson regres-
sion was used to estimate adjusted prevalence ratios (PRs) and 95% confidence intervals (Cls) for each factor
of interest. RESULTS: The 6-year birth prevalence of gastroschisis was 3.26 per 10,000 live births, and the
annual rate increased 41% during the study period. In addition to maternal age and marital status, maternal
race/ethnicity and nativity were significantly associated with the risk of delivering an infant with gastroschi-
sis. Compared with non-Hispanic white women, non-Hispanic black women had the lowest risk of deliver-
ing an infant with gastroschisis (PR, 0.19; 95% CI, 0.13-0.26), followed by Hispanic women (PR, 0.60; 95%
CI, 0.43-0.83). Women born outside the United States were significantly less likely than U.S.-born women to
deliver an infant with gastroschisis (PR, 0.59; 95% CI, 0.41-0.86). CONCLUSIONS: Although young maternal
age remains a strong significant risk factor for gastroschisis in Florida, other factors such as maternal race/
ethnicity and nativity could be important in explaining the increasing prevalence of gastroschisis. Birth
Defects Research (Part A) 85:890-896, 2009. © 2009 Wiley-Liss, Inc.
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INTRODUCTION

Gastroschisis is a paraumbilical defect of the abdomi-
nal wall resulting in herniation of abdominal contents
into the amniotic cavity. Although survival rates are
greater than 80%, gastrointestinal complications are
common, hospital stays are often prolonged, and the
associated medical costs are considerable (Hunter and
Soothill, 2002). The global prevalence of gastroschisis
ranges from approximately 0.5-4.5/10,000 live births
(Saada et al., 2005; Loane et al., 2007), and the reported
prevalence in the United States is 3.73/10,000 live births,
with rates varying by state (Centers for Disease Control
and Prevention, 2006). Much of the variation among
states can be attributed to the method of case ascertain-
ment and the case definition. States that use active case
finding and that include cases from fetal deaths and live
births, such as North Carolina (Laughon et al., 2003) and
Hawaii (Forrester and Merz, 1999a), report relatively

high prevalence rates (4.5 and 3.0/10,000 live births,
respectively), while New York (Salihu et al., 2003), which
uses passive case finding among live born infants,
reports a relatively low rate (1.4/10,000).

During the past few decades, an increasing prevalence
of gastroschisis has been reported by several countries,
including Finland, England, Japan, Canada, Australia,
Ireland, and Norway (Baerg et al., 2003; Reid et al., 2003;
Kazaura et al., 2004; Chabra, 2007; Loane et al., 2007).
The prevalence is also increasing in the United States,
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where the population-based rate of gastroschisis repairs
was twofold higher in 2003 than 1996, with increases
occurring in each census region (Alvarez and Burd,
2007). Utah (Hougland et al.,, 2005), Hawaii (Forrester
and Merz, 1999a), New York (Salihu et al., 2003), Tennes-
see (Collins et al., 2007), California (Vu et al., 2008), and
North Carolina (Laughon et al., 2003) reported increasing
prevalence rates over the past decade.

Despite its increasing prevalence, the etiology of gas-
troschisis remains largely unexplained. Young maternal
age is the most consistently reported risk factor (Baerg
et al., 2003; Feldkamp et al., 2007; Hougland et al., 2005;
Saada et al., 2005). Other maternal factors that have been
suspected to increase gastroschisis risk include maternal
smoking, maternal use of vasoactive substances, low soci-
oeconomic status, low pregnancy body mass index, and
Hispanic ethnicity (Haddow et al, 1993; Torfs et al.,
1994; Lam et al., 1999; Werler et al., 2002; Salihu et al.,
2003; Saada et al., 2005; Canfield et al., 2006, Feldkamp
et al., 2007; Stothard et al., 2009). More recently, maternal
birthplace (nativity) has been reported to affect the risk
of congenital malformations, including gastroschisis;
foreign-born women have a lower risk of delivering an
infant with gastroschisis than U.S.-born women (Zhu
et al., 2006; Vu et al., 2008). Many birth outcomes, includ-
ing infant mortality, low birth weight, and preterm birth,
differ according to maternal nativity. Foreign-born
women, especially Hispanics, have more favorable birth
outcomes than U.S.-born women, despite their having
more demographic and socioeconomic risk factors
(Crump et al., 1999; Carter-Pokras et al., 2008). Women
born outside the United States tend to have more social
support, engage in fewer risky behaviors during preg-
nancy such as tobacco and alcohol use, and have fewer
medical risks (Leslie et al., 2006; Campos et al., 2008;
McDonald et al., 2008; Ruiz et al., 2008). However, many
of these advantageous factors and better pregnancy out-
comes experienced by foreign-born women diminish
with increasing acculturation in the U.S. and the adop-
tion of new cultural beliefs and health behaviors
(Abriado-Lanza et al., 2005; Carter-Pokras et al., 2008;
Ruiz et al., 2008).

Given the potential protective factors associated with
being foreign-born and the increasing proportion of
foreign-born  women—particularly =~ Hispanics—giving
birth in Florida, changes in nativity patterns could affect
reported gastroschisis prevalence. The objective of this
study was to examine the role of maternal nativity in
relation to other suspected perinatal and demographic
risk factors for gastroschisis in Florida. We hypothesized
that foreign-born women would have a lower risk of
delivering an infant with gastroschisis than U.S.-born
women.

METHODS

We conducted a retrospective cohort study using data
derived from the Florida Birth Defects Registry (FBDR), a
statewide, population-based, passive surveillance system.
Since 1999, the FBDR has monitored birth defects that are
identified within the first year of life in live-born children
of women who are Florida residents at the time of
delivery. Cases are identified by collecting information
from the (1) Florida Office of Vital Statistics birth records,
(2) Agency for Health Care Administration hospital

discharge data, (3) Children’s Medical Services (CMS)
Regional Perinatal Intensive Care Centers data, (4) CMS
Early Steps Program data, and (5) CMS service-related
data sets. Birth defect diagnoses are recorded using Inter-
national Classification of Diseases, ninth edition, Clinical
Modification (ICD-9-CM) codes. These data sets are
merged to develop an unduplicated inventory of infants
with birth defects in Florida.

Singleton infants born alive between January 1, 1998
and December 31, 2003, inclusive, were eligible for inclu-
sion in this study. Potential cases of gastroschisis were
identified from the FBDR using the ICD-9-CM diagnosis
code 756.79 (“other congenital anomalies of abdominal
wall”). Infants with gastroschisis were differentiated
from infants with other abdominal wall defects, such as
omphalocele, using the ICD-9-CM procedure code 54.71,
which indicates surgical repair of gastroschisis. This
approach to identification of gastroschisis cases has been
described previously (Williams et al., 2005).

Demographic and perinatal data were obtained from
the Florida Office of Vital Statistics birth record. Maternal
race/ethnicity was determined based on maternal self-
report and was first grouped by ethnicity (Hispanic or
non-Hispanic), with the non-Hispanic (NH) group
further subdivided by race (white, black, or other).
Although the term Hispanic includes diverse groups,
including immigrants from Cuba, Mexico, Puerto Rico,
and South America, maternal nativity was dichotomized
as U.S.-born or foreign-born (born outside the 50 U.S.
states), because case counts were sparse for most non-
U.S. countries. Maternal age in years was categorized as
<20, 20 to 24, 25 to 29, 30 to 34, or 35 and over; maternal
education was classified as <12 years, high school gradu-
ate (12 years), or college (>13 years); and maternal mari-
tal status at the time of delivery was categorized as mar-
ried or unmarried. Parity was grouped into nulliparous or
multiparous, and maternal smoking during pregnancy
was reported as yes or no. Maternal place of residence at
the time of delivery was classified as urban or rural, with
urban being defined as a housing unit located in a core
census block or block group that has a population
density of at least 1000 people per square mile, or a
surrounding census block that has an overall density of
at least 500 people per square mile.

Descriptive statistics including birth prevalence rates
(number of infants with gastroschisis per 10,000 live
births) were calculated for each category of maternal age,
race/ethnicity, nativity, education, marital status,
smoking status, parity, place of residence, and infant sex.
Poisson regression was used to calculate the crude
prevalence ratios (PRs) and 95% confidence intervals
(CIs) for each covariate. A multivariable Poisson regres-
sion model was used to estimate adjusted PRs and 95%
CIs; only covariates that were significantly associated
with gastroschisis risk in univariate analyses were
included in the adjusted model. To test for a linear trend
in the gastroschisis rate over the study period, we
included year of birth as a continuous covariate in the
adjusted model. All statistical tests were two-sided and
declared significant at p < 0.05. Statistical analyses were
performed with SAS software, version 9.1.3 (SAS
Institute, Inc., Cary, NC). Approval for the study was
obtained from the Institutional Review Board at the
University of South Florida, the Florida Department of
Health, and the Florida Office of Vital Statistics.
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Table 1
Maternal and Infant Demographic Characteristics of Singleton Live-Born
Gastroschisis Cases and All Singleton Live Births (Florida Residents, 1998-2003)

Total births®

Gastroschisis
cases (n = 395)

Birth prevalence
of gastroschisis”

Characteristic (n = 1,179,418)
Maternal age (years)
<20 144,739
20-24 299,118
25-29 308,229
30-34 262,762
>35 164,410
Marital status
Married 725,682
Unmarried 453,471

Maternal education

Less than high school 244,427

High school only 402,534

College 525,541
Maternal race/ethnicity

Non-Hispanic white 606,336

Non-Hispanic black 261,777

Hispanic 275,848

Other 33,616
Maternal country of birth

United States 842,764

Foreign 333,342
Smoking during pregnancy

Nonsmoker 1,067,150

Smoker 111,391
Parity

Multiparous 680,996

Nulliparous 498,093
Residency

Urban 1,047,237

Rural 120,491
Infant sex

Male 604,178

Female 575,226

167 11.54
143 4.78
62 2.01
19 0.72
4 0.24
117 1.61
278 6.13
159 6.51
153 3.80
82 1.56
277 4.57
39 1.49
71 2.57
7 2.08
342 4.06
49 1.47
326 3.05
68 6.10
139 2.04
255 512
335 3.20
56 4.65
216 3.58
179 3.11

“Numbers may not reflect total because of missing data.

PPer 10,000 births.

RESULTS

During the study period, there were 1,216,142 live
births to Florida residents, including 397 gastroschisis
cases (birth prevalence rate: 3.26 per 10,000 live births).
Multiple births were excluded, yielding 395 cases among
1,179,418 singleton live births for analysis. During the
study period, the birth prevalence of gastroschisis
increased from 2.95 per 10,000 in 1998 to 4.15 per 10,000
in 2003 (P-treng = 0.06). The distribution of the study
population and the birth prevalence of gastroschisis by
important maternal and perinatal factors are presented in
Table 1. Women younger than 20 years, women who
reported they were unmarried at the time of delivery,
women with less than a high school education, nullipar-
ous women, and those who reported smoking during
their pregnancy had the highest singleton birth preva-
lence rates of gastroschisis. Non-Hispanic white women
had the highest rate of gastroschisis-affected offspring
(4.57), followed by Hispanics (2.57), whereas NH-black
women had the lowest rate (1.49). Women born in the
United States had a much higher rate of gastroschisis
(4.06) than their foreign-born counterparts (1.47).

In multivariable analyses, young maternal age
remained the single greatest risk factor for gastroschisis

Birth Defects Research (Part A) 85:890-8%6 (2009)

(Table 2). Compared with women 25 to 29 years of age,
women younger than 20 years were 3.4 times more likel
to deliver an infant born with gastroschisis (PR, 3.44; 95%
CI, 2.40-4.94), and women 20 to 24 years of age were
almost twice as likely to deliver an affected offspring
(PR, 1.88; 95% CI, 1.37-2.57). The risk of delivering an
infant with gastroschisis continued to decline with
increasing age, with women 30 to 34 years old (PR, 0.39;
95% CI, 0.23-0.65) and those 35 years and older (PR, 0.13;
95% CI, 0.05-0.37) having the lowest risk. After adjusting
for age, women who were unmarried at the time of
delivery were 2.2 times more likely to deliver an infant
with gastroschisis, compared with women who were
married (95% CI, 1.71-2.82). Compared with infants of
NH-white women, infants of NH-black women had the
lowest gastroschisis risk (PR, 0.19; 95% CI, 0.13-0.26), fol-
lowed by Hispanic infants (PR, 0.60; 95% CI, 0.43-0.83).
Independent of their race/ethnicity, women born outside
the U.S. were significantly less likely to deliver an infant
with gastroschisis than U.S.-born women (PR, 0.59; 95%
CI, 0.41-0.86).

There was considerable variation in the racial/ethnic—
specific distribution of live births and gastroschisis preva-
lence rates according to maternal nativity (Table 3).
Among all women giving birth to a live born infant, only
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Table 2
Unadjusted and Adjusted® Prevalence Ratios for Gastroschisis, by Infant and
Maternal Demographic Characteristics (Florida Residents, 1998-2003)

Characteristic Crude PR 95% CI Adjusted PR 95% CI
Maternal age (years)

<20 5.74 4.29-7.68 3.44 2.40-4.94

20-24 2.38 1.76-3.20 1.88 1.37-2.57

25-29 Reference Reference

30-34 0.36 0.22-0.60 0.39 0.23-0.65

>35 0.12 0.04-0.33 0.13 0.05-0.37
Marital status

Married Reference Reference

Unmarried 3.80 3.06-4.72 2.19 1.71-2.82
Maternal education

Less than high school 1.71 1.37-2.14 1.07 0.84-1.36

High school only Reference Reference

College 0.41 0.31-0.54 0.80 0.60-1.08
Maternal race/ethnicity

Non-Hispanic white Reference Reference

Non-Hispanic black 0.33 0.23-0.46 0.19 0.13-0.26

Hispanic 0.56 0.43-0.73 0.60 0.43-0.83

Other 0.46 0.22-0.97 0.82 0.38-1.77
Maternal country of birth

United States Reference Reference

Foreign 0.36 0.27-0.49 0.59 0.41-0.86
Smoking during pregnancy

Non-smoker Reference Reference

Smoker 2.00 1.54-2.60 0.97 0.73-1.28
Parity

Multiparous Reference Reference

Nulliparous 2.51 2.04-3.08 1.24 0.98-1.56
Residency

Urban Reference Reference

Rural 1.45 1.09-1.93 0.97 0.73-1.30
Infant sex

Male Reference NA

Female 0.87 0.71-1.06 NA

?Adjusted for maternal age, marital status, education, race/ethnicity, smoking status, parity

and place of residence.

PR, prevalence ratio; CI, confidence interval; NA, not applicable, not included in multivariate analysis.

7% of NH-white women and 26% of NH-black women
identified themselves as foreign-born, compared with
more than 70% of Hispanic women. In addition, the
crude prevalence rates were twofold to threefold higher
for U.S.-born versus foreign-born women in each major
racial/ethnic group. Among Hispanic women, gastroschi-
sis risk also differed by maternal nativity. U.S.—born Mex-
ican, Puerto Rican, Cuban, and other Hispanic women
had higher prevalence rates of gastroschisis in their off-
spring than their foreign-born counterparts, regardless of
Hispanic subgroup (Table 3); however, low case counts
result in imprecise stratum-specific PRs in multivariate
analyses. To determine whether the association between
maternal nativity and risk of gastroschisis in offspring
differed by self-reported maternal race/ethnicity, we
included an interaction term between maternal race/eth-
nicity and maternal nativity in our final multivariable
main effects model. After adjusting for maternal age,
marital status, education, smoking status, and parity, the
interaction term was not statistically significant.

DISCUSSION

During the 6-year study period, the singleton birth
prevalence of gastroschisis in Florida was 3.26 per 10,000

live births, increasing 41% over the study period. Young
maternal age was the strongest risk factor, in agreement
with findings from earlier studies (Goldbaum et al., 1990;
Werler et al.,, 1992; Loane et al.,, 2007). We identified a
number of additional risk factors.

In our study, maternal nativity was an important
demographic factor contributing to gastroschisis risk.
Specifically, we observed a 41% lower risk of having a
gastroschisis-affected infant for foreign-born versus U.S.-
born women, after adjusting for several other established
or suspected risk factors. The protective effect associated
with being foreign-born persisted in all racial/ethnic
groups studied, with the birth prevalence of gastroschisis
being several-fold lower for NH-white, NH-black, and
Hispanic mothers born outside the U.S. compared with
their U.S-born counterparts. Independent of nativity, we
also observed an effect of maternal race/ethnicity. Com-
pared with NH-white women, NH-black and Hispanic
women had an 81% and 40% lower risk, respectively, of
delivering a live born singleton infant with gastroschisis.
Although our findings agree with several studies that
found a lower risk of gastroschisis among NH-black
women (Canfield et al., 2006; Williams et al., 2005), our
observation that Hispanic ethnicity is protective was not
consistently reported in previous studies. Using popula-

Birth Defects Research (Part A) 85:890-8%6 (2009)
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Table 3

Distribution of Singleton Live Born Gastroschisis Cases, and All Singleton Live Births by Maternal
Race/Ethnicity and Nativity (Florida Residents, 1998-2003)

U.S. Born Foreign-Born

Birth Prevalence Birth Prevalence
Total Gastroschisis of Gastroschisis® Total Gastroschisis of Gastroschisis®

Epidemiologic Factors Births Cases 95% CI) Births Cases 95% CI)

Maternal Race/Ethnicity

Non-Hispanic white 561,856 266 4.73 (4.20-5.34) 43,933 10 2.28 (1.22-4.23)
Non-Hispanic black 194,569 34 1.75 (1.25-2.45) 66,621 4 0.60 (0.23-1.60)
Other 6,481 3 4.63 (1.49-14.35) 27,092 4 1.48 (0.55-3.93)
Hispanic 78,733 39 4.95 (3.62-6.78) 195,221 31 1.59 (1.12-2.26)
Mexican 17,170 13 7.57 (4.40-13.04) 48,289 2 0.41 (0.10-1.66)
Puerto Rican 26,315 14 5.32 (3.15-8.98) 22,428 8 3.57 (1.78-7.13)
Cuban 21,219 7 3.30 (1.57-6.92) 34,372 6 1.75 (0.78-3.89)
Other Hispanic 14,029 5 3.56 (1.48-8.56) 90,132 15 1.66 (1.00-2.76)

“Per 10,000 births.
ClI, confidence interval.

tion-based data on nearly 1000 cases from 11 states with
active case-finding, Canfield et al. (2006) reported that
Hispanic women had a significantly higher unadjusted
birth prevalence of gastroschisis compared with NH-
white women (PR, 1.25; 95% CI, 1.09-1.43). Likewise, a
study investigating 308 cases in New York reported that,
after adjusting for maternal age, Hispanic women were
1.5 times more likely to have an offspring affected by
gastroschisis (95% CI, 1.12-2.00; Salihu et al., 2003). How-
ever, in a population-based study in California on nearly
1000 cases over 17 years, Vu et al. (2008) reported that
the effect of Hispanic ethnicity on gastroschisis risk was
modified by maternal nativity. In that study, the risk of
having an infant affected by gastroschisis for U.S.-born
Hispanics was nearly identical to that of NH-whites (PR,
1.0; 95% CI, 0.8-1.2). However, foreign-born Hispanic
women had an estimated 40% risk reduction (PR, 0.6;
95% ClI, 0.4-0.9), even after adjusting for parity, parental
age and education. We found a similar risk reduction for
foreign-born women independent of race/ethnicity, and
we did not find evidence of effect modification between
nativity and race/ethnicity. The differences among stud-
ies could be explained, in part, by differences in maternal
country of birth in the Hispanic population, as well as
differences in the percent that were foreign- or U.S.-born.
For example, although Vu et al. (2008) do not report the
overall proportion of U.S.- and foreign-born mothers or
the specific ethnic make-up of their Hispanic population,
46% of their study population was Hispanic, compared
with 23% of our population. In addition, only 33% of
Hispanic women in their study were foreign-born, com-
pared with 71% in our study.

The significantly lower rates of gastroschisis among
foreign-born women concord with many studies that
have observed similarly paradoxical findings of better
birth outcomes among foreign-born women, who are
typically medically underserved and of lower socioeco-
nomic status. Women born outside the U.S., particularly
those of Hispanic ethnicity, have a lower risk of preterm
delivery, low birth weight, and infant mortality, and they
report less preterm labor and hypertension than U.S.-
born women; this advantage tends to diminish with
increasing acculturation (Cervantes et al., 1999; Crump
et al., 1999; Buekens et al., 2000; Carter-Pokras et al.,
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2008; McDonald et al., 2008; Ruiz et al., 2008). The protec-
tive effect associated with being foreign born is not con-
sistent for all birth outcomes. For example, foreign-born
women and less acculturated women tend to be at
greater risk of gestational diabetes and of delivering
infants with serious neural tube defects than U.S.-born
women (McDonald et al., 2008; Canfield et al., 2009).

Theories proposed to explain empirically observed
advantages in birth outcomes in foreign-born women
incorporate concepts of acculturation, differences in
health behaviors, selective migration, and the “weath-
ering”” hypothesis. In terms of acculturation, maternal
birth in a foreign country might represent preservation of
cultural values, such as close family relationships, which
are associated with lower stress and pregnancy anxiety
and greater social support (Page, 2004; Campos et al.,
2008). These benefits might play a significant role in
promoting healthy pregnancies. The close social ties tend
to diminish with increasing acculturation, resulting in
“acculturative stress.” The physiologic response to
acculturative stress might include changes in the levels of
corticotrophin-releasing hormone (Ruiz et al., 2006),
inflammatory response markers (Ruiz et al., 2007), and
the progesterone/estriol ratio (Ruiz et al., 2008). Changes
in the levels of these stress biomarkers might contribute
to an increased risk of preterm birth and other negative
birth outcomes. Foreign-born women tend to have more
favorable behavioral risk factors than U.S.-born women.
Compared with those born in the U.S., foreign-born
women reportedly smoke less tobacco and drink less
alcohol during their pregnancy (Rosenberg et al., 2005;
Leslie et al., 2006, McDonald et al., 2008), use less mari-
juana and cocaine (Singh and Yu, 1996), and engage in
healthier nutritional practices. Foreign-born women also
have higher intakes of protein and vitamins, including
folic acid (Abrams and Guendelman, 1995), and greater
consumption of fruits and vegetables; consumption levels
decline with longer residence in the U.S. (Gordon-Larsen
et al., 2003; Lin et al., 2003; Dubowitz et al., 2008).

The “healthy migrant”” theory proposes that (1) women
capable of migrating are healthier and will likely have
better birth outcomes than those who cannot, and (2) for-
eign-born women immigrating into the U.S. have better
reproductive outcomes than U.S.-born women due to a
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bias that “selects” women in better health before concep-
tion (Lechner and Mielck, 1998; Wingate and Alexander,
2006). Wingate and Alexander (2006) studied an inter-
nally migrant (movement only within the borders of a
single nation) population of Mexican origin, and reported
that women with active mobility histories had lower risks
of delivering low birth weight or small-for-gestational
age infants than less mobile women.

According to the weathering hypothesis, the health of
certain populations deteriorates with increasing time
spent living in the U.S. and accumulating socioeconomic
disadvantages. It has been suggested that U.S-born His-
panics experience more weathering than foreign-born
Hispanics, likely owing to greater relative deprivation for
the former (Geronimus, 1992; Wildsmith, 2002). However,
because younger women have the highest risk for gastro-
schisis, it is unlikely that the weathering hypothesis con-
tributes to our findings. With the exception of the weath-
ering hypothesis, each of these theories might contribute
to the lower risk of gastroschisis in foreign-born women.
How these theories contribute to our understanding of
the underlying etiology of gastroschisis remains unclear.
It is also unclear what commonalities exist between for-
eign nativity and advanced maternal age, both of which
protect against the development of gastroschisis.

Interpretation of our study results should consider sev-
eral limitations. First, the FBDR is a passive surveillance
system without case confirmation. The FBDR links
administrative data sets not initially created for con-
structing a birth defects registry, and it relies on ICD-9-
CM diagnosis codes for case identification. A degree of
inaccuracy and incompleteness is inherent in such a sys-
tem. Furthermore, in the ICD-9-CM coding system, gas-
troschisis is identified by a nonspecific code that also
includes other congenital anomalies of the abdominal
wall. To minimize potential misclassification, we used a
procedure code specific to gastroschisis repair to differen-
tiate cases from other abdominal wall defects. Second,
the FBDR does not include spontaneous and elective ter-
minations; thus our data reflect gastroschisis live birth
prevalence and not incidence. Prenatal diagnosis
increases elective terminations, and certain demographic
factors such as maternal age and race/ethnicity might
influence the decision to terminate a pregnancy. How-
ever, we speculate that the incidence-prevalence bias has
a negligible effect on our findings related to nativity,
because early spontaneous loss and the proportion of
women who decide to terminate a gastroschisis-affected
pregnancy are relatively low, especially compared with
other major birth defects (Forrester et al., 1998; Forrester
and Merz, 1999b). Third, we rely on the Florida birth cer-
tificate as the source of infant and maternal demographic
and perinatal data. There are well-recognized limitations
to the accuracy and reliability of some birth certificate
data, such as self-reported smoking during pregnancy;
this and other behaviors are generally underreported on
the birth certificate (Ventura, 1999; Roohan et al., 2003;
Northam and Knapp, 2006). However, the association
between gastroschisis and maternal smoking reported on
the birth certificate is comparable with other studies that
used more reliable means to assess maternal smoking
and its relationship to birth defects (Honein et al., 2001).
An additional limitation is that nativity was based on
maternal self-report and is thus merely a proxy for the
underlying culture and acculturation constructs it aims to

represent. We had no information on length of residence
in the United States, motivation for emigrating, or gener-
ation status, thus making it difficult to further clarify the
relationship between maternal nativity and gastroschisis
risk. Lastly, there is some evidence of under-identifica-
tion of birth defects among non-native-born women, pri-
marily owing to the FBDR’s limited success in linking
vital statistics birth records to hospital discharge records
(birth and postbirth hospitalizations) in this population.
Although this limitation is not large enough to affect our
overall findings, we anticipate that it might result in a
bias away from the null, thus producing a slight overesti-
mation of the protective effects of being foreign born.
Despite these limitations, our findings are based on a
large, multiethnic, population-based study, thus making
the results generalizable. In addition, Florida has a
diverse population with a Hispanic subgroup distribution
that differs from other large states with sizeable Hispanic
populations, including California, Texas, and New York.

Our study confirms that young maternal age is a sig-
nificant risk factor for gastroschisis in Florida, and it also
demonstrates that maternal nativity is associated with
differences in gastroschisis birth prevalence among moth-
ers in several major racial/ethnic groups. Thus, nativity
might be an index for underlying factors that modify gas-
troschisis risk. Foreign-born women were 41% less likely
to deliver an infant with gastroschisis than U.S.-born
women. Our results suggest that environmental and/or
behavioral factors associated with residence in the United
States might increase the risk for gastroschisis, and that
future studies of gastroschisis should consider nativity as
a contributor to risk. These findings provide valuable
opportunities to further elucidate the roles of several risk
factors in the etiology of gastroschisis.

REFERENCES

Abrams B, Guendelman S. 1995. Nutrient intake of Mexican-American
and non-Hispanic white women by reproductive status: results of
two national studies. ] Am Diet Assoc 95:916-918.

Abriado-Lanza A, Chao M, Florez K. 2005. Do healthy behaviors decline
with greater acculturation? Implications for the Latino mortality para-
dox. Soc Sci Med 61:1243-1255.

Alvarez SM, Burd RS. 2007. Increasing prevalence of gastroschis repairs
in the United States: 1996-2003. J Pediatr Surg 42:943-946.

Baerg ], Kaban G, Tonita ], et al. 2003. Gastroschisis: a sixteen-year
review. ] Pediatr Surg 38:771-774.

Buekens P, Notzon F, Kotelchuck M, Wilcox A. 2000. Why do Mexican
Americans give birth to few low-birth-weight infants? Am ] Epide-
miol 152:347-351.

Campos B, Schetter CD, Abdou CM, et al. 2008. Familialism, social sup-
port, and stress: positive implications for pregnant Latinas. Cultur
Divers Ethnic Minor Psychol 14:155-162.

Canfield MA, Honein MA, Yuskiv N, et al. 2006. National estimates
and race/ethnic-specific variation of selected birth defects in the
United States, 1999-2001. Birth Defects Res A Clin Mol Teratol 76:
747-756.

Canfield MA, Ramadhani TA, Shaw GM, et al. 2009. Anencephaly and
spina bifida among Hispanics: maternal, sociodemographic, and
acculturation factors in the National Birth Defects Prevention Study.
Birth Defects Res A Clin Mol Teratol. [Epub ahead of print.]

Carter-Pokras O, Zambrana RE, Yankelvich G, et al. 2008. Health status of
Mexican-origin persons: do proxy measures of acculturation advance
our understanding of health disparities? J Immigr Minor Health
10:475-488.

Centers for Disease Control and Prevention. 2006. Improved national
prevalence estimates for 18 selected major birth defects-United
States, 1999-2001. MMWR Morb Mortal Wkly Rep 54:1301-1305.

Cervantes A, Keith L, Wyshak G. 1999. Adverse birth outcomes among
native-born and immigrant women: replicating national evidence

Birth Defects Research (Part A) 85:890-8%6 (2009)



896 SALEMI ET AL.

regarding Mexicans at the local level. Matern Child Health J 3:99-
109.

Chabra S. 2007. Gastroschisis: brief early history. ] Perinat Med 35:455.

Collins SR, Griffin MR, Arbogast PG, et al. 2007. The rising prevalence of
gastroschisis and omphalocele in Tennessee. ] Pediatr Surg 42:1221-
1224.

Crump C, Lipsky S, Mueller BA. 1999. Adverse birth outcomes among
Mexican-Americans: are US-born women at greater risk than Mexico-
born women? Ethn Health 4:29-34.

Dubowitz T, Subramanian SV, Acevedo-Garcia D, et al. 2008. Individual
and neighborhood differences in diet among low-income foreign and
U.S.-born women. Womens Health Issues 18:181-190.

Feldkamp ML, Carey JC, Sadler TW. 2007. Development of gastroschisis:
review of hypotheses, a novel hypothesis, and implications for
research. Am ] Med Genet A 143:639-652.

Forrester MB, Merz RD. 1999a. Epidemiology of abdominal wall defects,
Hawaii, 1986-1997. Teratology 60:117-123.

Forrester MB, Merz RD. 1999b. Impact of demographic factors on prenatal
diagnosis and elective pregnancy termination because of abdominal
wall defects, Hawaii, 1986-1997. Fetal Diagn Ther 14:206-211.

Forrester MB, Merz RD, Yoon PW. 1998. Impact of prenatal diagnosis and
elective termination on the prevalence of selected birth defects in
Hawaii. Am ] Epidemiol 148:1206-1211.

Geronimus AT. 1992. The weathering hypothesis and the health of
African-American women and infants: evidence and speculations.
Ethn Dis 2:207-221.

Goldbaum G, Daling J, Milham S. 1990. Risk factors for gastroschisis.
Teratology 42:397-403.

Gordon-Larsen P, Harris KM, Ward DS, Popkin BM. 2003. Acculturation
and overweight-related behaviors among Hispanic immigrants to the
US: the National Longitudinal Study of Adolescent Health. Soc Sci
Med 57:2023-2034.

Haddow JE, Palomaki GE, Holman MS. 1993. Young maternal age and
smoking during pregnancy as risk factors for gastroschisis. Teratol-
ogy 47:225-228.

Honein MA, Paulozzi L], Watkins ML. 2001. Maternal smoking and birth
defects: validity of birth certificate data for effect estimation. Public
Health Rep 116:327-335.

Hougland KT, Hanna AM, Meyers R, Null D. 2005. Increasing prevalence
of gastroschisis in Utah. ] Pediatr Surg 40:535-540.

Hunter A, Soothill P. 2002. Gastroschisis-an overview. Prenat Diagn
22:869-873.

Kazaura MR, Lie RT, Irgens LM, et al. 2004. Increasing risk of gastroschi-
sis in Norway: an age-period-cohort analysis. Am ] Epidemiol
159:358-363.

Lam PK, Torfs CP, Brand R]. 1999. A low pregnancy body mass index is
a risk factor for an offspring with gastroschisis. Epidemiology
10:717-721.

Laughon M, Meyer R, Bose C, et al. 2003. Rising birth prevalence of gas-
troschisis. ] Perinatol 23:291-293.

Lechner I, Mielck A. 1998. [Decrease in the “healthy migrant effect”:
trends in the morbidity of foreign and German participants in the
1984-1992 Socioeconomic Panel]. Gesundheitswesen 60:715-720.

Leslie JC, Diehl S], Galvin SL. 2006. A comparison of birth outcomes
among US-born and non-US-born Hispanic women in North Caro-
lina. Matern Child Health J 10:33-38.

Lin H, Bermudez OI, Tucker KL. 2003. Dietary patterns of Hispanic elders
are associated with acculturation and obesity. ] Nutr 133:3651-3657.

Loane M, Dolk H, Bradbury I. 2007. Increasing prevalence of gastroschisis
in Europe 1980-2002: a phenomenon restricted to younger mothers?
Paediatr Perinat Epidemiol 21:363-369.

Birth Defects Research (Part A) 85:890-8%6 (2009)

McDonald JA, Suellentrop K, Paulozzi L], Morrow B. 2008. Reproductive
health of the rapidly growing Hispanic population: data from the
Pregnancy Risk Assessment Monitoring System, 2002. Matern Child
Health J 12:342-356.

Northam S, Knapp TR. 2006. The reliability and validity of birth certifi-
cates. ] Obstet Gynecol Neonatal Nurs 35:3-12.

Page RL. 2004. Positive pregnancy outcomes in Mexican immigrants:
what can we learn? ] Obstet Gynecol Neonatal Nurs 33:783-790.

Reid KP, Dickinson JE, Doherty DA. 2003. The epidemiologic incidence of
congenital gastroschisis in Western Australia. Am J Obstet Gynecol
189:764-768.

Roohan PJ, Josberger RE, Acar J, et al. 2003. Validation of birth certificate
data in New York State. ] Community Health 28:335-346.

Rosenberg TJ, Raggio TP, Chiasson MA. 2005. A further examination of
the “epidemiologic paradox”: birth outcomes among Latinas. J Natl
Med Assoc 97:550-556.

Ruiz RJ, Dolbier CL, Fleschler R. 2006. The relationships among accultura-
tion, biobehavioral risk, stress, corticotropin-releasing hormone, and
poor birth outcomes in Hispanic women. Ethn Dis 16:926-932.

Ruiz RJ, Saade GR, Brown CE, Nelson-Becker C, Tan A, Bishop S, Bukow-
ski R. 2008. The effect of acculturation on progesterone/estriol ratios
and preterm birth in Hispanics. Obstet Gynecol 111(2 Pt 1):309-316.

Ruiz RJ, Stowe RP, Goluszko E, et al. 2007. The relationships among
acculturation, body mass index, depression, and interleukin 1-recep-
tor antagonist in Hispanic pregnant women. Ethn Dis 17:338-343.

Saada J, Oury JF, Vuillard E, et al. 2005. Gastroschisis. Clin Obstet Gyne-
col 48:964-972.

Salihu HM, Pierre-Louis BJ, Druschel CM, Kirby RS. 2003. Omphalocele
and gastroschisis in the State of New York, 1992-1999. Birth Defects
Res A Clin Mol Teratol 67:630-636.

Singh GK, Yu SM. 1996. Adverse pregnancy outcomes: differences
between US- and foreign-born women in major US racial and ethnic
groups. Am ] Public Health 86:837-843.

Stothard KJ, Tennant PW, Bell R, Rankin J. 2009. Maternal overweight
and obesity and the risk of congenital anomalies: a systematic review
and meta-analysis. ] Am Med Assoc 301:636—650.

Torfs CP, Velie EM, Oechsli FW, et al. 1994. A population-based study of
gastroschisis: demographic, pregnancy, and lifestyle risk factors.
Teratology 50:44-53.

Ventura SJ. 1999. Using the birth certificate to monitor smoking during
pregnancy. Public Health Rep 114:71-73.

Vu LT, Nobuhara KK, Laurent C, Shaw GM. 2008. Increasing prevalence
of gastroschisis: population-based study in California. ] Pediatr
152:807-811.

Werler MM, Mitchell AA, Shapiro S. 1992. Demographic, reproductive,
medical, and environmental factors in relation to gastroschisis.
Teratology 45:353-360.

Werler MM, Sheehan JE, Mitchell AA. 2002. Maternal medication use and
risks of gastroschisis and small intestinal atresia. Am ] Epidemiol
155:26-31.

Wildsmith EM. 2002. Testing the weathering hypothesis among Mexican-
origin women. Ethn Dis 12:470-479.

Williams LJ, Kucik JE, Alverson CJ, et al. 2005. Epidemiology of gastro-
schisis in metropolitan Atlanta, 1968 through 2000. Birth Defects Res
A Clin Mol Teratol 73:177-183.

Wingate MS, Alexander GR. 2006. The healthy migrant theory: variations
in pregnancy outcomes among US-born migrants. Soc Sci Med
62:491-498.

Zhu M, Druschel C, Lin S. 2006. Maternal birthplace and major congenital
malformations among New York Hispanics. Birth Defects Res A Clin
Mol Teratol 76:467-473.



