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Abstract

Background/Objectives: In this report, the National Birth Defects Prevention Network 

(NBDPN) examines and compares gastroschisis and omphalocele for a recent 5-year birth cohort 

using data from 30 population-based birth defect surveillance programs in the United States.

Methods: As a special call for data for the 2019 NBDPN Annual Report, state programs reported 

expanded data on gastroschisis and omphalocele for birth years 2012–2016. We estimated the 

overall prevalence (per 10,000 live births) and 95% confidence intervals (CI) for each defect as 

well as by maternal race/ethnicity, maternal age, infant sex, and case ascertainment methodology 

utilized by the program (active vs. passive). We also compared distribution of cases by maternal 

and infant factors and presence/absence of other birth defects.

Results: The overall prevalence estimates (per 10,000 live births) were 4.3 (95% CI:4.1–4.4) for 

gastroschisis and 2.1 (95% CI: 2.0–2.2) for omphalocele. Gastroschisis was more frequent among 

young mothers (<25 years) and omphalocele more common among older mothers (>40 years). 

Mothers of infants with gastroschisis were more likely to be underweight/normal weight prior to 

pregnancy and mothers of infants with omphalocele more likely to be overweight/obese. 

Omphalocele was twice as likely as gastroschisis to co-occur with other birth defects.

Conclusions: This report highlights important differences between gastroschisis and 

omphalocele. These differences indicate the importance of distinguishing between these defects in 

epidemiologic assessments. The report also provides additional data on co-occurrence of 

gastroschisis and omphalocele with other birth defects. This information can provide a basis for 

future research to better understand these defects.
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1 | INTRODUCTION

Since 2000, the National Birth Defects Prevention Network (NBDPN) has published state-

specific data annually for selected major structural birth defects as part of the Congenital 

Malformations Surveillance Report. The 2019 NBDPN Congenital Malformations 

Surveillance Report is comprised of three parts: (a) state-specific birth defect counts and 

prevalence estimates from 42 population-based birth defects surveillance programs in the 

United States, reporting up to 47 major birth defects enumerated in Table 1; (b) a program 
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directory providing information on participating state birth defect surveillance programs, 

including each program’s case definition, surveillance methodology, sources of birth defect 

information, data collection procedures, and program contacts, available on pages S1-S180; 

and (c) a data brief highlighting data pooled from 30 surveillance programs on two 

abdominal wall defects, gastroschisis, and omphalocele. Given the clinical and public health 

importance of gastroschisis and omphalocele, these defects were chosen to provide a more 

detailed description of the descriptive epidemiology and the differentiating characteristics 

between the two defects.

2 | STATE-SPECIFIC DATA COLLECTION AND PRESENTATION OF 47 

MAJOR BIRTH DEFECTS

2.1 | Data collection

A call for data, including a data dictionary with a list of the birth defects and variables to be 

collected, was issued in March 2019 to population-based birth defect surveillance programs 

in the United States. Participating state surveillance programs submitted case counts for the 

major structural birth defects included in Table 1 and live births occurring from January 1, 

2012 through December 31, 2016. Data collected from each program included major birth 

defects by year of birth, maternal race/ethnicity and age at delivery, and infant sex. Maternal 

race/ethnicity was stratified by six US Census groups: non-Hispanic (NH) white, NH black, 

Hispanic, NH Asian/Pacific Islander, NH American Indian/Alaska Native, and other/

unknown. Maternal age at delivery was stratified into seven categories: <20, 20–24, 25–29, 

30–34, 35–39, ≥40 years and unknown. Infant sex was stratified by male, female, and 

unknown.

State birth defect surveillance programs were asked to submit current directory profiles with 

a description of their program, including any updates since the previous year. State 

surveillance programs submitted data to the Centers for Disease Control and Prevention 

(CDC) either as SAS datasets or in Microsoft Excel. Data and directory profiles were 

submitted to CDC for cleaning and processing. CDC worked with state programs to review 

and validate all submitted data and directory information. State programs approved final data 

tables and directory profiles prior to publication. Data analysis was performed using SAS 

Version 9.4 (SAS Institute, Cary, NC).

2.2 | State-specific data presentation for 47 NBDPN birth defects

State-specific data from 42 population-based birth defects surveillance programs for 2012 

through 2016 are presented in two separate tables for each state program (supplement). The 

first table presents birth defect counts and prevalence (per 10,000 live births) by maternal 

racial/ethnic groups. The second table displays counts and prevalence for gastroschisis and 

trisomies 13, 18, and 21 by two maternal age categories (<35 years, ≥35 years) because 

these particular defects are known to be associated with maternal age. Maternal age was 

combined into two groups to ensure adequate cell counts. For all defects except congenital 

posterior urethral valves (CPUV), hypospadias, and Turner syndrome, prevalence was 

calculated as the count of cases within each stratum of a maternal or infant characteristic—

regardless of pregnancy outcome (i.e., live birth, stillbirth, spontaneous/elective termination)
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—divided by the total number of live births within the same stratum, and then multiplied by 

10,000 (Mason, Kirby, Sever, & Langlois, 2005). For CPUV and hypospadias, the 

denominator was restricted to total male live births; for Turner syndrome, the denominator 

was restricted to total female live births.

Because of the variability between state surveillance programs, each program’s tables are 

accompanied by footnotes describing the program’s coding system, notes on defect 

inclusion/exclusion, data sources, birth outcomes, and case ascertainment methodology. 

Additional detail regarding each program’s data collection methodology and potential 

sources of variation between programs can be found in the supplemental program directory.

2.3 | Special data brief background

The NBDPN 2019 Congenital Malformations Surveillance Report includes state-level data 

on gastroschisis and omphalocele from 30 state programs, providing a unique opportunity to 

compare the descriptive epidemiology of the two most common types of abdominal wall 

defects. Abdominal wall defects are a type of birth defect in which the stomach, the 

intestines, or other organs protrude through an opening in the abdomen. Collectively, 

abdominal wall defects occur in an estimated 7.4 per 10,000 live births (Benjamin & Wilson, 

2014); however, birth prevalence varies by defect type. Despite differences in the 

presentation of these defects, gastroschisis and omphalocele shared an International 

Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code until 

October 2009, which created challenges in interpreting data on these defects.

2.4 | Gastroschisis

Gastroschisis is a full-thickness abdominal wall defect in which the intestines, and 

occasionally other organs, protrude outside the body through an opening usually to the right 

of the umbilicus without a protective membranous covering (Centers for Disease Control 

and Prevention, 2017). The estimated prevalence of gastroschisis in the United States ranges 

from 2.6 per 10,000 live births (Vu, Nobuhara, Laurent, & Shaw, 2008) to 5.1 per 10,000 

live births (Vo & Langlois, 2015). Gastroschisis is one of the few major birth defects with a 

documented increasing birth prevalence in both resource-limited and resource-rich settings. 

In fact, the prevalence of gastroschisis has been increasing worldwide for decades (Bugge et 

al., 2017; Castilla, Mastroiacovo, & Orioli, 2008; Kazaura et al., 2004; Loane, Dolk, 

Bradbury, & Group, 2007; Whitehall, Kandasamy, Stalewski, & Gill, 2010) as well as in the 

United States (B. G. Benjamin, Ethen, Van Hook, Myers, & Canfield, 2010; Chabra, 

Gleason, Seidel, & Williams, 2011; Collins et al., 2007; Hougland, Hanna, Meyers, & Null, 

2005; Jones et al., 2016; Kirby et al., 2013; Laughon et al., 2003; Salemi et al., 2009; Salihu, 

Pierre-Louis, Druschel, & Kirby, 2003; Short et al., 2019; St Louis et al., 2017; Vo & 

Langlois, 2015; Vu et al., 2008).

Reasons for the increasing prevalence in gastroschisis are unknown; however, several risk 

factors are associated with this defect, especially young maternal age. An increasing 

prevalence of gastroschisis among younger mothers, especially under 24 years of age, has 

consistently been documented, and young maternal age has been recognized as one of the 

strongest risk factors for gastroschisis (Anderson et al., 2018; B. G. Benjamin et al., 2010; 
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Bugge et al., 2017; Chabra et al., 2011; Hougland et al., 2005; Jones et al., 2016; Kirby, 

2017; Kirby et al., 2013; Laughon et al., 2003; St Louis et al., 2017; Williams, Kucik, 

Alverson, Olney, & Correa, 2005). The prevalence of gastroschisis also differs by maternal 

race/ethnicity, with lower prevalence among infants born to NH black mothers compared to 

Hispanic mothers and NH white mothers (B. G. Benjamin et al., 2010; Chabra et al., 2011; 

Jones et al., 2016; Kirby, 2017; Salemi et al., 2009; Williams et al., 2005).

Other maternal and infant characteristics have been suggested to be associated with 

gastroschisis. Specifically, mothers of infants born with gastroschisis are more likely to be 

underweight (i.e., BMI <18 kg/m2; Kirby et al., 2013), nulliparous (B. G. Benjamin et al., 

2010; Vu et al., 2008), and low gravida (Hougland et al., 2005). Gastroschisis prevalence has 

not been shown to differ significantly by infant sex (Kirby et al., 2013), however, infants 

with gastroschisis are more likely to be preterm and low/very low birth weight (Anderson et 

al., 2018; Boutros, Regier, Skarsgard, & Canadian Pediatric Surgery Network, 2009; Bugge 

et al., 2017). Unlike other abdominal wall defects, gastroschisis usually occurs without other 

birth defects or chromosomal anomalies (Feldkamp, Botto, Byrne, Krikov, & Carey, 2016; 

Stoll, Alembik, Dott, & Roth, 2008). Gastroschisis has a low rate of fetal deaths and 

terminations compared to other major birth defects, the prognosis continues to improve with 

advances in prenatal monitoring, and the one-year survival rate is currently 94% (Adair et 

al., 1996; Akhtar, Skarsgard, & Canadian Pediatric Surgery Network, 2012; Brantberg, 

Blaas, Salvesen, Haugen, & Eik-Nes, 2004; Kuleva, Salomon, Benoist, Ville, & Dumez, 

2012; Perry et al., 2017; South, Stutey, & Meinzen-Derr, 2013; Tennant, Pearce, Bythell, & 

Rankin, 2010).

2.5 | Omphalocele

Omphalocele is an abdominal wall defect wherein the intestines, liver, or other organs are 

most often covered by a membranous sac outside of the abdomen through the umbilicus 

(Centers for Disease Control and Prevention, 2017). The presence or absence of the 

membranous sac aids in differentiating gastroschisis and omphalocele, however, the 

membrane can rupture in the uterus causing the differential diagnosis to depend on the cord 

insertion site. The cord insertion site is located in the umbilical sac in omphalocele and 

paraumbilical in gastroschisis.

The estimated prevalence of omphalocele ranges from 1.0 per 10,000 live births (St Louis et 

al., 2017) to 3.8 per 10,000 live births (Springett et al., 2014). In contrast to gastroschisis, 

prevalence studies of omphalocele have reported either stable rates (Allman et al., 2016; 

Bugge et al., 2017; Marshall et al., 2015) or modest increases over time (St Louis et al., 

2017). Other studies have reported inconsistent results regarding maternal age (Agopian, 

Marengo, & Mitchell, 2009; Goldkrand, Causey, & Hull, 2004; Marshall et al., 2015; St 

Louis et al., 2017). One study examining prevalence by maternal age found a small increase 

in prevalence for omphalocele among mothers 29 years or younger, however, a decrease was 

observed for those 30 years or older (St Louis et al., 2017). Additional studies examining the 

prevalence for omphalocele by maternal age reported a higher prevalence among older 

women, 35 years or older (Marshall et al., 2015) and a higher prevalence of nonsyndromic 

omphalocele among women aged 20–29 years and 40 years and older (Agopian et al., 2009). 
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Goldkrand et al. (2004) reported no trend in maternal age among mothers whose infants had 

omphalocele.

Maternal risk factors associated with omphalocele include multiparity (Duong et al., 2012) 

and prepregnancy overweight or obese status (Waller et al., 2007). In addition, omphalocele 

prevalence rates have been reported to be higher for infants born to Hispanic mothers and 

lower for NH black mothers. Omphalocele appears to be associated with lower birth weight 

and small for gestational age (Agopian et al., 2009; Kirby, 2017; Kirby et al., 2013; Marshall 

et al., 2015). Unlike gastroschisis, the prevalence of omphalocele has been observed to differ 

by infant sex, with a higher prevalence in males compared with females (Agopian et al., 

2009; Goldkrand et al., 2004; Kirby, 2017; Kirby et al., 2013; Marshall et al., 2015). 

Marshall et al. (2015) reported that cases of omphalocele occur in isolation only 22% of the 

time. Similarly, Benjamin and Wilson (2014) reported that roughly 80% of cases of 

omphalocele had an associated anomaly. Defects that occur with omphalocele primarily 

include those of the cardiovascular system, musculoskeletal system, gastrointestinal system, 

urogenital system, and central nervous system as well as chromosomal defects (Benjamin & 

Wilson, 2014; Bugge et al., 2017; Springett et al., 2014; Stoll et al., 2008). Approximately 

one-sixth of omphalocele cases also have chromosomal anomalies, which are more common 

in infants born to women aged 35 years and older and among male infants (Marshall et al., 

2015). In conjunction with these co-occurring defects, omphalocele has been associated with 

a higher rate of terminations, a higher rate of fetal deaths, and lower 1-week and 1-year 

survival than gastroschisis (Akhtar et al., 2012; Brantberg et al., 2004; Springett et al., 2014; 

Tennant et al., 2010).

Despite studies on the prevalence of gastroschisis and omphalocele and the increasing 

prevalence of gastroschisis, the etiology of these defects remains poorly understood. 

Moreover, given the prevalence and clinical impact of these defects, further research is 

needed to gain insight into the etiology and differences reported in the birth prevalence by 

various maternal and infant characteristics for these two defects. While a few large-scale 

population-based studies have investigated the prevalence of these defects by maternal race/

ethnicity, maternal age, and infant sex (Anderson et al., 2018; Gong et al., 2016; Jones et al., 

2016; Kirby et al., 2013; Loane et al., 2007; Marshall et al., 2015; Salihu et al., 2003; St 

Louis et al., 2017; Vu et al., 2008), many of these studies focused on gastroschisis or 

omphalocele alone and did not examine the differentiating characteristics between the two 

defects. Therefore, we examined the birth prevalence and descriptive epidemiology of 

gastroschisis and omphalocele using population-based data (2012–2016) submitted to the 

NBDPN.

2.6 | Special data brief methods

As a special call for data for the 2019 NBDPN Annual Report, state programs were invited 

to report expanded data on gastroschisis and omphalocele. The specific codes for 

gastroschisis are 756.73 (ICD-9-CM), Q79.3 (ICD-10-CM), and 756.71 (CDC/BPA). 

Specific codes for omphalocele include 756.72 (ICD-9-CM), Q79.2 (ICD-10-CM), and 

756.70 (CDC/BPA), listed in Table 1. Data requested included case-level information by 

year of birth, maternal race/ethnicity, maternal age at delivery, infant sex, pregnancy 
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outcome, birth weight, maternal prepregnancy body mass index (BMI), gestational age at 

delivery, plurality, and co-occurring birth defects. Programs were also asked to submit 

information on any co-occurring birth defects they collected for these cases, including major 

and minor defects; however, this report presents co-occurring birth defects grouped by organ 

system, as specified by ICD-9-CM codes (740–759—congenital anomalies) and ICD-10-CM 

codes (Q00-Q99—congenital malformations, deformations, and chromosomal 

abnormalities), and excludes any birth defects codes outside these ranges. Cases were 

limited to those with a gestational age ≥20 weeks to ensure data quality and uniformity and 

BMI information was limited to live births due to data availability. Cases with diagnosis 

codes for both gastroschisis and omphalocele were excluded from the analyses when the 

correct diagnosis could not be confirmed. The data submission process and review followed 

a similar approach to the main annual report data submission. CDC obtained a non-research 

determination for the project.

Analyses were performed using SAS 9.4 (Cary, NC). The 95% confidence intervals were 

calculated using exact Poisson methodology for prevalence estimates and exact binomial for 

percentages (Daly, 1992). Prevalence estimates are reported as the number of cases per 

10,000 live births. Analyses of co-occurring birth defects were limited to programs with 

active case ascertainment methodology to increase quality of data.

3 | RESULTS

A total of 30 state and territorial birth defects surveillance programs, covering a total of 

12,563,163 births from 2012 to 2016, provided expanded data for gastroschisis and 

omphalocele. Table 2 presents count and prevalence for each defect by case ascertainment 

methodology, maternal race/ethnicity, maternal age at delivery, and infant sex. Pooling data 

from all 30 participating surveillance programs, the overall prevalence estimates (per 10,000 

live births) were 4.3 for gastroschisis (5,349 cases) and 2.1 for omphalocele (2,601 cases).

Differences in prevalence by case ascertainment methodology were observed for both 

defects but were more pronounced for gastroschisis compared to omphalocele. Both defects 

showed a higher prevalence (per 10,000 live births) among active case ascertainment 

programs compared to passive programs (4.7 vs. 3.9 for gastroschisis and 2.2 vs. 1.9 for 

omphalocele, respectively).

Variations in prevalence were observed among maternal racial/ethnic groups (Table 2), with 

infants born to NH American Indian or Alaska Native mothers having the highest prevalence 

(per 10,000 live births) of gastroschisis (7.2) and infants born to NH black mothers having 

the highest prevalence of omphalocele (3.2).

Prevalence estimates (per 10,000 live births) for gastroschisis were highest among infants 

born to younger mothers, with infants born to mothers age 20 years and younger having the 

highest prevalence (15.5) followed by infants born to mothers ages 20–24 years (8.5). 

Prevalence for gastroschisis decreased by ascending maternal age group, with infants born to 

mothers age 35 years and above having the lowest prevalence (0.7). For omphalocele the 
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highest prevalence (per 10,000 live births) was observed among infants born to mothers age 

40 years and above (4.1).

Prevalence estimates (per 10,000 live births) did not vary by infant sex for gastroschisis. 

However, omphalocele was more prevalent among males compared to females (2.2 vs. 1.9, 

respectively; Table 2).

Table 3 shows a comparison of case distribution by case ascertainment methodology, 

maternal race/ethnicity, maternal age, maternal prepregnancy BMI, infant sex, gestational 

age at delivery, infant birth weight, plurality, and birth outcome for the two abdominal wall 

defects. Both active and passive surveillance programs reported a similar proportion of cases 

of gastroschisis, but passive programs reported a higher proportion of omphalocele cases 

compared to active programs (51.5 vs. 48.5%, respectively). When comparing case 

distribution among maternal racial/ethnic groups, gastroschisis was more common in infants 

born to NH white (53.4 vs. 47.8%) and Hispanic (28.5 vs. 20.9%) mothers, while 

omphalocele was more common in infants born to NH black mothers (24.1 vs. 11.8%). 

Some of the most divergent case proportions were seen among maternal age groups, with a 

higher proportion of cases concentrated in the 24 years and below age groups for 

gastroschisis compared to omphalocele, while omphalocele cases were more common in the 

25 years and above age groups. Gastroschisis was more common in infants of mothers in the 

underweight and normal BMI categories in comparison to omphalocele, while omphalocele 

was more common in infants of mothers in the overweight and obese categories. Both 

defects showed a higher proportion of cases among males compared to females. Cases of 

omphalocele were more common in early preterm deliveries (20–33 weeks gestation) and 

gastroschisis cases were more frequent in late preterm and full term deliveries (Table 3). 

Both defects had relatively high proportions of low birth weight, with omphalocele having a 

larger proportion of very low birth weight compared to gastroschisis (14.2 vs. 5.4%, 

respectively) and gastroschisis having a larger proportion of low birth weight (52.1 vs. 

24.2%, respectively). Omphalocele cases had a higher proportion of both plural births (twins 

or multiples; 6.0% vs. 2.2%, respectively) and non-live births (19.1 vs. 5.6%) compared to 

gastroschisis.

Table 4 shows co-occurring birth defects by organ system for the abdominal wall defects for 

15 surveillance programs with active case ascertainment. Co-occurring birth defects were 

observed twice as often among children with omphalocele compared to those with 

gastroschisis (71.8 vs. 33.6%, respectively). Cardiovascular defects represented the most 

common co-occurring group of birth defects for both defects (11.9% of gastroschisis cases 

and 44.9% of omphalocele cases). A moderate proportion of omphalocele cases had co-

occurring central nervous system (15.2%), ear/face/neck (14.1%), renal (16.8%), 

musculoskeletal (16.5%), limbs (16.5%), other musculoskeletal (16.0%), and chromosomal 

(21.7%) defects.

4 | DISCUSSION

The overall prevalence estimates presented in this data brief for both gastroschisis and 

omphalocele are consistent with those previously reported in the literature (Mai et al., 2015; 
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Springett et al., 2014; St Louis et al., 2017; Vo & Langlois, 2015; Vu et al., 2008). Variations 

in prevalence by maternal race/ethnicity, maternal age at delivery, maternal prepregnancy 

BMI, infant sex, and infant birth weight also largely reflect previously reported estimates 

(Anderson et al., 2018; Kirby, 2017; Kirby et al., 2013). Our results support the findings of 

Marshall et al. (2015), who reported an increase in omphalocele in infants of older mothers. 

Finally, our comparison of co-occurring birth defects by organ system supports previous 

research showing a higher prevalence of co-occurring defects for omphalocele cases 

compared to gastroschisis, with cardiovascular defects and chromosomal defects showing a 

particularly large difference between the two abdominal wall defects (Feldkamp et al., 2016; 

Stoll et al., 2008).

Notably, these birth defects previously shared an ICD-9-CM diagnosis code. Our results, and 

the work of others, highlight the important differences between gastroschisis and 

omphalocele. These differences indicate the importance of distinguishing between these two 

defects in epidemiologic assessments. In fact, there are often varying and sometimes 

opposite risk factors for each defect, particularly maternal age and prepregnancy BMI. 

Omphalocele prevalence estimates are roughly one-half those of gastroschisis, but the 

omphalocele prevalence may be underestimated due to the higher proportion of fetal deaths 

and terminations of omphalocele cases compared to gastroschisis (Akhtar et al., 2012; 

Brantberg et al., 2004; Kuleva et al., 2012; Perry et al., 2017; Springett et al., 2014). In 

addition, infants with omphalocele are more likely to be early preterm deliveries and have 

very low birth weights compared to infants with gastroschisis (Anderson et al., 2018; Bugge 

et al., 2017; Feldkamp et al., 2016; Marshall et al., 2015). Despite the increase in prevalence 

of gastroschisis that has been well-documented in the literature, it is clear that omphalocele 

also presents a large burden for families and the healthcare system.

This report must be considered in the light of certain limitations. To increase the reliability 

of our data, we restricted our case definition to all birth outcomes with 20 weeks or more 

completed gestation. As a result, we know that we will have missed earlier fetal deaths and 

terminations. Given that omphalocele cases are more likely to occur in conjunction with 

more severe defects such as chromosomal defects (Akhtar et al., 2012; Brantberg et al., 

2004; Springett et al., 2014), we anticipate that this may affect our estimates for 

omphalocele more than our estimates for gastroschisis. We also eliminated any cases with 

diagnosis codes for both defects, as we could not determine which defect was correct for 

these cases. These exclusions may also affect our estimates.

Variations in case ascertainment methodology and anomalies collected by the different state/

territorial programs could contribute to variations in the quantity and range of co-occurring 

defects reported. We attempted to limit this by restricting our analyses of co-occurring 

defects to only include data from surveillance programs with active case-finding 

methodologies. The birth defects we evaluated for co-occurrence were also limited to the 

congenital anomalies range of ICD-9-CM codes and the congenital malformations, 

deformations, and chromosomal abnormalities range of ICD-10-CM. As a result, diagnoses 

that potentially may be considered birth defects outside these ranges are excluded. However, 

by restricting the code range the co-occurring data presented are more consistent across 

programs.
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5 | CONCLUSION

The 2019 NBDPN Congenital Malformations Surveillance Report includes data from 42 

state and territorial population-based birth defect surveillance programs, reporting up to 47 

major structural birth defects. The report continues to provide important and updated 

information on the occurrence of these birth defects in the United States. This year’s data 

brief on abdominal wall defects, using pooled surveillance data from 30 states, provides 

population-based prevalence estimates along with data on co-occurrence with defects by 

organ system for a cohort of about 12.5 million births. The updated prevalence estimates for 

gastroschisis and omphalocele along with comparison of case distribution among maternal 

and infant factors can provide a basis for future epidemiologic studies to better understand 

these birth defects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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