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ABSTRACT

Objective. We linked data from two independent birth defects surveillance 
systems with different case-finding methods in an overlapping geographic 
area to assess Florida’s suveillance of birth defects (e.g., neural tube defects, 
orofacial clefts, gastroschisis/omphalocele, and chromosomal defects), focusing 
on sensitivity and completeness of ascertainment measures. 

Methods. Live-born infants identified from each system born during 2003–
2006 in a nine-county catchment area with specific birth defects were linked to 
birth certificates. Using the enhanced surveillance system as a gold standard, 
we calculated the sensitivity of the Florida Birth Defects Registry (FBDR) for 
identifying infants. Next, we used capture-recapture models to estimate the 
completeness of case ascertainment and the prevalence of each birth defect 
in the catchment area. We used multivariable logistic regression models with 
backward elimination to estimate adjusted odds ratios and 95% confidence 
intervals for factors significantly associated with the FBDR’s failure to capture 
infants ultimately identified by enhanced surveillance.

Results. The FBDR’s sensitivity was 89.3%, and the overall completeness 
of ascertainment was estimated as 86.6%. Defect-specific sensitivity and 
completeness of ascertainment varied significantly by defect. The combined 
defect-specific sensitivity for all malformations under study was 86.6%; com-
pleteness of ascertainment ranged from 45.6% for anencephaly to 88.6% for 
Down syndrome, 87.9% for spina bifida without anencephaly, and 87.0% for 
orofacial clefts.

Conclusions. For the defects under study, the FBDR captured nearly nine of 
every 10 infants born with selected birth defects. However, the FBDR’s ability 
to identify specific defects was both more limited and defect dependent with 
widely varying defect-specific sensitivities. 
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Public health surveillance programs use a variety of 
approaches to identify cases that lie on a continuum 
ranging from “passive” to “active.”1 Active birth defect 
case ascertainment is a labor-intensive process involv-
ing staff finding cases through direct review of primary 
data sources, which include medical records, hospital/
nursery logs, autopsy reports, and ambulatory care 
settings. Completeness of ascertainment is very high, 
and each birth defect diagnosis is confirmed. Passive 
ascertainment involves physician or facility filing of 
case reports or identification of birth defect cases 
using secondary data sources, such as inpatient and 
outpatient discharges and vital records, and relying 
primarily on International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) 
diagnostic codes, which may or may not be confirmed. 
Most states, depending on the number of infants diag-
nosed with a birth defect, budget, staff, and objectives, 
structure their activities around one approach on the 
active-passive continuum.2 While active case finding is 
generally regarded as the most scientific and rigorous 
method of determining birth defects, this approach 
requires considerable personnel and travel resources. 

The purpose of this study was to evaluate the capacity 
of the Florida Birth Defects Registry (FBDR) to identify 
infants with birth defects by comparing and contrast-
ing the two birth defects surveillance approaches. In 
doing so, we sought to (1) determine the sensitivity 
of the FBDR for selected defects, (2) estimate the 
completeness of ascertainment of the FBDR, and (3) 
identify infant and maternal characteristics associated 
with the FBDR’s failure to identify infants captured by 
the enhanced surveillance system.

METHODS

This study involved linking two surveillance systems to 
examine more than 2,000 infants born from January 
1, 2003, to December 31, 2006, identified with specific 
defects in the first year of life (subsequently referred to 
as “cases”) to compare and contrast two birth defects 
surveillance approaches.

Passive surveillance system:  
the Florida Birth Defects Registry
The FBDR was established in 1999 as a passive, state-
wide, population-based birth defects surveillance 
system to protect and promote the health of people 
in Florida by detecting, investigating, and preventing 
birth defects. The FBDR’s inclusion criteria include 
the following: (1) the mother is a Florida resident; 
(2) the infant is live born and diagnosed in the first 
year of life with one or more structural, genetic, or 

other specified birth outcomes that can adversely affect 
an infant’s health and development (most fall in the 
ICD-9-CM 740–759.9 code range); and (3) the date of 
delivery is on or after January 1, 1998. The FBDR’s pas-
sive case-ascertainment methodology involves linking 
multiple secondary “source” datasets, including vital 
birth records, the Agency for Health Care Adminis-
tration (AHCA) hospital inpatient and ambulatory 
discharge databases, Regional Perinatal Intensive Care 
Centers (RPICC) data, Children’s Medical Services 
(CMS) case-management records, and CMS Early Steps 
data. AHCA collects and reports on hospital inpatient, 
ambulatory, and emergency department discharge data 
from a variety of facilities, including, but not limited 
to, acute care hospitals, short-term psychiatric facili-
ties, comprehensive rehabilitation facilities, long-term 
psychiatric facilities, ambulatory surgical centers, litho-
tripsy centers, and cardiac catheterization laboratories. 
The 11 RPICC hospitals provide obstetrical services to 
women with a high-risk pregnancy and care for new-
borns with special health needs. The CMS Early Steps 
program offers services to infants and young children 
with significant delays or conditions that may result 
in a developmental delay (e.g., certain birth defects). 
The FBDR has published data on the 1998–2007 birth 
cohorts. 

Enhanced surveillance system: the Centers  
for Disease Control and Prevention (CDC) 
Cooperative Agreement Project
In December 2003, the Florida Department of Health 
(FDOH) entered into a contract with the Birth Defects 
Surveillance Program (BDSP) at the University of 
South Florida to develop and operate an enhanced 
surveillance project with funding from CDC. BDSP 
staff reviewed hospital medical records for suspected 
cases meeting specific eligibility criteria to verify each 
birth defect diagnosis and collect detailed data on 
confirmed cases. Confirmed cases also met the follow-
ing eligibility criteria: (1) birth in Florida or maternal 
Florida residency during pregnancy; (2) receipt of care, 
or birth, in one of the catchment counties (Figure 1), 
which consisted of major metropolitan areas through-
out the state that encompassed approximately 51% of 
the state’s resident live births; (3) diagnosis of select 
birth defect(s) either during the prenatal period or 
postnatal period up to one year of age; and (4) ICD-
9-CM discharge diagnosis codes indicative of central 
nervous system defects (740.0–742.9), absence of 
external ear (744.01), microtia (744.23), orofacial clefts 
(749.0–749.2), gastroschisis/omphalocele (756.79), 
chromosomal abnormalities (758.0–758.2), or mater-
nal prenatal codes of fetal abnormalities affecting the 
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Figure 1. Enhanced surveillance system nine-county catchment area, Florida, 2003–2006

management of the mother (655.0–655.6, 655.8–655.9) 
and intrauterine death (656.4). The enhanced surveil-
lance project included all confirmed cases born from 
January 1, 2003, to December 31, 2006. 

Linking the surveillance systems
During database construction, all FBDR case records 
are linked to birth certificate data. Using a stepwise 
deterministic linkage strategy, supplemented with 
manual record matching, we attempted to link all 
live-born cases identified by the enhanced surveillance 
system to the same birth certificate records used in 
the FBDR’s construction. Of 2,206 live-born cases in 

the enhanced surveillance project that were eligible 
for this comparative study, we were able to link 2,173 
(98.5%) to a birth record. The 33 unlinked cases 
excluded from this study consisted of records lacking 
a significant amount of identifiable information (e.g., 
infant’s and mother’s names, dates of birth, or Social 
Security numbers) required to establish a link to the 
birth record. To establish a common dataset for all 
analyses, we further restricted the dataset to 1,734 cases 
born in the enhanced surveillance system’s nine-county 
catchment area.

The eligibility criteria for this study incorporated 
overlapping inclusion criteria from each surveillance 
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system. With the exception of extending case ascer-
tainment to stillbirths/fetal deaths in addition to live 
births, the case definition for the enhanced surveillance 
system was encompassed by the FBDR’s case definition; 
thus, every live-born case identified by the enhanced 
surveillance system would also meet the eligibility 
criteria to be a case in the FBDR. The birth defects 
selected for this study included anencephaly; spina 
bifida without anencephaly; encephalocele; orofacial 
clefts; gastroschisis; omphalocele; and trisomies 13 
(Patau syndrome), 18 (Edwards syndrome), and 21 
(Down syndrome) (Figure 2).

Statistical analyses
All cases identified by the enhanced system would 
theoretically be captured by the FBDR if the FBDR’s 
case ascertainment were complete. The enhanced 
surveillance system with case confirmation served as 
the gold standard for estimating the FBDR’s sensitiv-
ity for identifying infants across all conditions studied 
and for specific birth defects. The FBDR’s overall 
sensitivity represents the proportion of cases identified 
by enhanced surveillance that were also captured by 
the FBDR, regardless of the defects identified by the 
FBDR. In contrast, the FBDR’s sensitivity for a specific 
defect represented the proportion of cases identified 
by enhanced surveillance that were also identified by 
the FBDR with the same defect. Sensitivity, using both 
definitions, is presented overall and by defect among 
all 1,734 cases ascertained during the enhanced surveil-
lance project. For these analyses, infants were undu-
plicated at the level of the defect; however, an infant 
with multiple defects considered in this study may have 
been included in more than one defect-specific analysis.

In addition to sensitivity, we estimated the complete-
ness of the FBDR’s ascertainment of selected defects 

among infants born in the nine-county overlap between 
the catchment areas of the FBDR and the enhanced 
system using a simple two-source capture-recapture 
method.3 Capture-recapture methods have been used 
increasingly in epidemiologic studies, primarily to 
evaluate the completeness of registration for cancer 
registries.3–8 This approach uses overlapping informa-
tion from two independent registries (i.e., the prob-
ability of detecting a case in one registry is the same 
regardless of whether or not the case is detected in 
the other registry) to estimate the extent of incom-
plete ascertainment. Because both birth defect systems 
have been linked, we can provide the number of cases 
captured by both sources. The total number of cases 
and the number of cases missed by both registries were 
estimated using a two-source capture-recapture model. 
The estimated completeness of ascertainment for the 
FBDR was then calculated by dividing the number of 
cases captured by the FBDR by the total number of 
cases estimated by the model. The completeness of 
ascertainment supplements sensitivity measures by 
accounting for the imperfect completeness of ascertain-
ing the enhanced system. It also permitted the calcu-
lation of revised estimates of each defect’s prevalence 
in the catchment area covered by both the FBDR and 
enhanced surveillance, for direct comparison with an 
FBDR-only system and national prevalence estimates.

We also conducted an analysis to identify charac-
teristics associated with the FBDR’s failure to capture 
infants with birth defects. Demographic and reproduc-
tive health data were obtained from the linked birth 
certificate files. We determined maternal race/ethnic-
ity based on maternal self-report and first grouped 
women by ethnicity (Hispanic or non-Hispanic), with 
the non-Hispanic group further subdivided by race 
(non-Hispanic white, non-Hispanic black, or other). 

Figure 2. Birth defects included in the comparison of surveillance systems and  
their respective diagnostic codes: Florida, 2003–2006

Birth defect type Passive surveillance ICD-9-CM code(s) Enhanced surveillance modified BPA code(s)

Anencephaly 740.0–740.1 740.00a–740.10a

Spina bifida without anencephaly 741a without 740.0–740.1 741a without 740.00a–740.10a

Encephalocele 742.0 742.00a–742.09a

Orofacial cleftb 749a 749a

Gastroschisis/omphalocele 756.79 756.700, 756.710
Trisomy 13 (Patau syndrome) 758.1a 758.10a–758.19a

Trisomy 18 (Edwards syndrome) 758.2a 758.20a–758.29a

Trisomy 21 (Down syndrome) 758.0a 758.00a–758.09a

aAny valid digits following the given prefix were included in this category.
bIncludes cleft lip and cleft palate

ICD-9-CM 5 International Classification of Diseases, Ninth Revision, Clinical Modification

BPA 5 British Pediatric Association
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Maternal nativity was dichotomized as U.S.-born or 
foreign-born (i.e., born outside the 50 U.S. states). 
We categorized maternal age as ,20 years, 20–34 
years, or $35 years of age, and maternal education 
as ,12 years, 12 years, or .12 years. We designated 
plurality as singleton or multiple. Gestational age was 
categorized as preterm (20–36 weeks gestation) or term 
($37 weeks gestation) based on the mother’s date of 
last menstrual period (LMP). When the LMP was miss-
ing, we substituted the clinical estimate of gestation. 
We grouped birth weight as very low (,1,500 grams), 
low (1,500–2,499 grams), and normal ($2,500 grams). 
Due to the collinear nature of gestational age and birth 
weight, we created a combination variable and used 
the six resultant combinations in analyses. Failure of 
an infant to be captured by the FBDR was defined as 
a live-born infant who was identified by the enhanced 
surveillance system as having one of the defects under 
study but who was not captured by the FBDR. Using 
this definition, an infant in the FBDR was considered 
captured regardless of the birth defects identified. 

We calculated descriptive statistics for each of the 
aforementioned covariates as well as infant gender, and 
stratified them by whether the enhanced surveillance 
case infant was captured by the FBDR. We used a mul-
tivariable unconditional logistic regression model with 
backward elimination to estimate the adjusted odds 
ratios (AORs) and 95% confidence intervals (CIs) for 
factors significantly associated with the FBDR’s failure 
to capture an infant identified by enhanced surveil-
lance. All statistical tests were two-sided and declared 
significant at p,0.05. We performed statistical analyses 
using SAS® version 9.2.9 

RESULTS

The overall and defect-specific sensitivity of the FBDR 
for selected birth defects is provided in Table 1. Results 
of this methodologic comparison indicated an overall 
sensitivity of 89.3%, as 1,548 out of 1,734 infants iden-
tified as a case by the enhanced surveillance system 
were captured by the FBDR. With the exception of 
anencephaly, the FBDR performed well, identifying 
79%–91% of infants identified by the enhanced surveil-
lance system for each defect under study. The overall 
and defect-specific sensitivity was lower when the more 
restrictive definition of sensitivity was used, requiring 
the FBDR to identify the infant as having the same 
defect as did the enhanced surveillance system. The 
combined defect-specific sensitivity for all malforma-
tions under study was 86.6%, and ranged from 45.5% 
for anencephaly to 88.7% for Down syndrome. 

The estimated overall completeness of ascertain-
ment was 86.6% (95% CI 85.8, 87.3) (Table 2). For 
the capture-recapture analysis, we considered 2,107 
infants born in the enhanced surveillance system’s 
nine-county catchment area that were identified by 
either the FBDR (n51,874) or the enhanced system 
(n51,734) as having one of the selected defects of 
interest. Of these, 1,501 cases were identified by both 
the FBDR and the enhanced system. The capture-
recapture model estimated a total of 2,165 cases with 
these selected defects, born in the catchment area, with 
an estimated 58 cases missed by both systems. Similar 
to findings on sensitivity, defect-specific completeness 
of ascertainment varied significantly by defect, rang-
ing from 45.6% for anencephaly to more than 88.6% 
for Down syndrome, 87.9% for spina bifida without 
anencephaly, and 87.0% for orofacial clefts.

Table 1. Overall and defect-specific sensitivity of the FBDR for selected birth defects: Florida, 2003–2006

Birth defect

Total ESS  
cases 

N

ESS cases in 
FBDRa 

N

Sensitivity of 
FBDR 

Percent

ESS cases in FBDR 
for specified defect 

N

Defect-specific 
sensitivity of FBDR 

Percent

Anencephaly 44 22 50.0 20 45.5
Spina bifida without anencephaly 117 106 90.6 103 88.0
Encephalocele 40 32 80.0 29 72.5
Orofacial cleftb 607 554 91.3 528 87.0
Gastroschisis/omphalocele 352 310 88.1 298 84.7
Patau syndrome 42 33 78.6 26 61.9
Edwards syndrome 65 52 80.0 49 75.4
Down syndrome 539 492 91.3 478 88.7
Any included defect 1,734 1,548 89.3 1,501 86.6

aIdentified with any International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code included in the FBDR
bIncludes cleft lip and cleft palate

FBDR 5 Florida Birth Defects Registry (passive surveillance system)

ESS 5 enhanced surveillance system
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Capture-recapture modeling permitted a revised 
estimation of each defect’s prevalence in the catchment 
area covered by enhanced surveillance. We compared 
these revised estimates with existing estimates gener-
ated by the FBDR, as well as national estimates gen-
erated from 11 active surveillance programs around 
the country (Table 3).10 Revised prevalence estimates 
predicted by capture-recapture modeling tended to be 
closer to national prevalence estimates than current 
FBDR estimates, particularly for neural tube defects 
(e.g., anencephaly and spina bifida without anenceph-
aly) and orofacial clefts.

We were interested in determining whether any 
maternal or infant characteristics were associated with 
the FBDR’s failure to capture a confirmed case. Table 
4 describes these characteristics among the 1,734 
cases identified by the enhanced surveillance system 
according to whether or not that infant was captured 
by the FBDR. Missed cases were more likely among 
multiple births; those born preterm and at very low 
birth weight; and those born of mothers who were 
Hispanic, born outside the U.S., and had ,12 years 
of education. Multivariable logistic regression showed 
that following adjustment for other factors in the final 

Table 2. Completeness of ascertainment of the FBDR for selected birth defects: Florida, 2003–2006

Birth defect

Total  
cases from 

FBDR 
N

Total  
cases from 

ESS 
N

Overlap 
cases in 

both 
N

Estimateda 
uncaptured 

cases  
N

Estimated 
total cases 

N

Estimated 
completeness of 

ascertainment  
Percent (95% CI)

Anencephaly 26 44 20 8 57 45.6 (39.8, 53.4)
Spina bifida without anencephaly 152 117 103 7 173 87.9 (84.7, 91.3)
Encephalocele 45 40 29 7 62 72.6 (65.4, 81.5)
Orofacial cleftb 621 607 528 14 714 87.0 (86.0, 88.0)
Gastroschisis/omphalocele 370 352 298 14 438 84.5 (82.9, 86.2)
Patau syndrome 45 42 26 12 73 61.6 (53.8, 72.2)
Edwards syndrome 71 65 49 8 95 74.7 (69.5, 80.8)
Down syndrome 615 539 478 18 694 88.6 (87.4, 89.9)
Any included defect 1,874 1,734 1,501 58 2,165 86.6 (85.8, 87.3)

aEstimated using simple two-source capture-recapture modeling 

bIncludes cleft lip and cleft palate

FBDR 5 Florida Birth Defects Registry (passive surveillance system)

ESS 5 enhanced surveillance system

CI 5 confidence interval

Table 3. Prevalence of selected birth defects in Florida per 10,000 resident live births, 2003–2006

Birth defect

FBDR 
prevalence 
statewide 

FBDR prevalence 
ESS catchment 

area

FBDR estimateda 
prevalence  

ESS catchment area 

National estimates  
1999–2001b 

Prevalence (95% CI) 

Anencephaly 0.4 0.6 1.2 2.1 (1.9, 2.2)
Spina bifida without anencephaly 2.9 3.3 3.7 3.5 (3.3, 3.7)
Encephalocele 0.9 1.0 1.3 0.8 (0.7, 0.9)
Orofacial cleftc 15.6 13.4 15.4 17.0d (16.4, 17.6)
Patau syndrome 0.7 1.0 1.6 1.3 (1.2, 1.4)
Edwards syndrome 1.5 1.5 2.0 2.6 (2.5, 2.8)
Down syndrome 13.3 13.2 14.9 13.6 (13.2, 13.9)

aEstimated using simple two-source capture-recapture modeling
bParker SE, Mai CT, Canfield MA, Richard R, Wang Y, Meyer RE, et al. Updated national birth prevalence estimates for selected birth defects in 
the United States, 2004–2006. Birth Defects Res A Clin Mol Teratol 2010;88:1008-16.
cIncludes cleft lip and cleft palate
dCreated by summing the individual estimates for cleft lip with and without cleft palate, and cleft palate alone

FBDR 5 Florida Birth Defects Registry (passive surveillance system)

ESS 5 enhanced surveillance system

CI 5 confidence interval 
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Table 4. Distribution of maternal and infant characteristics among enhanced surveillance cases,  
by FBDR capture status: Florida, 2003–2006 

Captured within the FBDR

Characteristic

Yes 
(n51,548) 

N (percent)

No 
(n5186) 

N (percent)

Total 
(n51,734) 

N (percent)

Maternal age (in years)
 ,20 205 (13.2) 20 (10.8) 225 (13.0)
 20–34 966 (62.4) 119 (64.0) 1,085 (62.6)
  $35 377 (24.4) 46 (24.7) 423 (24.4)
 Missing/unknown 0 (0.0) 1 (0.5) 1 (0.1)
Maternal race/ethnicity
 Non-Hispanic white 741 (47.9) 67 (36.0) 808 (46.6)
 Non-Hispanic black 314 (20.3) 37 (19.9) 351 (20.2)
 Hispanic 434 (28.0) 72 (38.7) 506 (29.2)
 Non-Hispanic other 50 (3.2) 8 (4.3) 58 (3.3)
 Missing/unknown 9 (0.6) 2 (1.1) 11 (0.6)
Maternal nativity
 U.S.-born 1,056 (68.2) 92 (49.5) 1,148 (66.2)
 Foreign-born 488 (31.5) 89 (47.8) 577 (33.3)
 Missing/unknown 4 (0.3) 5 (2.7) 9 (0.5)
Maternal education
 ,12 years 365 (23.6) 47 (25.3) 412 (23.8)
 12 years 507 (32.8) 61 (32.8) 568 (32.8)
 .12 years 649 (41.9) 65 (34.9) 714 (41.2)
 Missing/unknown 27 (1.7) 13 (7.0) 40 (2.3)
Infant gender
 Male 815 (52.6) 97 (52.2) 912 (52.6)
 Female 732 (47.3) 87 (46.8) 819 (47.2)
 Missing/unknown 1 (0.1) 2 (1.1) 3 (0.2)
Plurality
 Singleton 1,509 (97.5) 166 (89.2) 1,675 (96.6)
 Multiple 39 (2.5) 20 (10.8) 59 (3.4)
Gestational age/birth weight
 ,37 weeks/,1,500 grams 68 (4.4) 44 (23.7) 112 (6.5)
 ,37 weeks/1,500–2,499 grams 192 (12.4) 28 (15.1) 220 (12.7)
 ,37 weeks/$2,500 grams 190 (12.3) 17 (9.1) 207 (11.9)
  $37 weeks/,1,500 grams 10 (0.6) 2 (1.1) 12 (0.7)
  $37 weeks/1,500–2,499 grams 175 (11.3) 20 (10.8) 195 (11.2)
  $37 weeks/$2,500 grams 907 (58.6) 67 (36.0) 974 (56.2)
 Missing/unknown 6 (0.4) 8 (4.3) 14 (0.8)

FBDR 5 Florida Birth Defects Registry (passive surveillance system)

model,  maternal nativity, plurality, gestational age, 
and birth weight were significantly associated with 
the FBDR’s failure to capture an infant with one of 
the selected defects under study (Table 5). Compared 
with term infants weighing $2,500 grams, those born 
preterm and ,1,500 grams had more than eight times 
the odds of being missed by the FBDR (AOR58.54, 
95% CI 5.30, 13.78). Similarly, twins and higher order 
multiples had four times the odds of being missed 
than singletons (AOR54.03, 95% CI 2.16, 7.50). Lastly, 
infants of foreign-born mothers had nearly three times 
the odds of being missed by the FBDR (AOR52.56, 
95% CI 1.83, 3.57). 

DISCUSSION

The results of this methodologic comparison indicate 
that for the defects under study, the FBDR captured 
nearly nine of every 10 infants born with selected birth 
defects. However, the FBDR’s ability to identify specific 
defects was both more limited and defect dependent. 
We found that the FBDR had the best completeness of 
ascertainment for Down syndrome, spina bifida without 
anencephaly, and orofacial clefts. This finding supports 
our hypothesis that the ability of the FBDR to identify 
specific defects varies by characteristics of the defect, 
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Table 5. Crude and adjusted ORs and 95% CIs for maternal and infant characteristics associated  
with the Florida Birth Defects Registry’s failure to capture a case: Florida, 2003–2006

Characteristic OR (95% CI) AORa (95% CI)

Maternal age (in years)
 ,20 0.79 (0.48, 1.30) NSb

 20–34 Ref. NSb

 $35 0.99 (0.69, 1.42) NSb

Maternal race/ethnicity
 Non-Hispanic white Ref. NSb

 Non-Hispanic black 1.30 (0.85, 1.99) NSb

 Hispanic 1.84 (1.29, 2.61) NSb

 Non-Hispanic other 1.77 (0.81, 3.89) NSb

Maternal nativity
 U.S.-born Ref. Ref.
 Foreign-born 2.09 (1.54, 2.86) 2.56 (1.83, 3.57)
Maternal education
 ,12 years 1.07 (0.72, 1.60) NSb

 12 years Ref. NSb

 .12 years 0.83 (0.58, 1.20) NSb

Infant gender
 Male Ref. NSb

 Female 1.00 (0.74, 1.36) NSb

Plurality
 Singleton Ref. Ref.
 Multiple 4.66 (2.66, 8.18) 4.03 (2.16, 7.50)
Gestational age/birth weight
 ,37 weeks/,1,500 grams 8.76 (5.57, 13.78) 8.54 (5.30, 13.78) 
 ,37 weeks/1,500–2,499 grams 1.97 (1.24, 3.15) 1.80 (1.10, 2.93)
 ,37 weeks/$2,500 grams 1.21 (0.70, 2.11) 1.20 (0.68, 2.10)
 $37 weeks/,1,500 grams 2.71 (0.58, 12.61) 2.35 (0.44, 12.39)
 $37 weeks/1,500–2,499 grams 1.55 (0.92, 2.62) 1.47 (0.86, 2.52)
 $37 weeks/$2,500 grams Ref. Ref.

aAdjusted model includes maternal nativity, plurality, and gestational age/birth weight.
bNot significant in multivariable models

OR 5 odds ratio

CI 5 confidence interval 

AOR 5 adjusted odds ratio

NS 5 not significant

Ref. 5 reference group

including the medical care received by most infants 
with the defect. 

Because the FBDR identifies infants with defects 
through diagnosis codes that may be present on any 
record in any of the source datasets, infants with a 
higher number of hospital admissions and a greater 
need for early intervention services offered by CMS 
would have more records eligible for data linkage and, 
thus, a higher probability of being captured by the 
FBDR. As an example, infants with a myelomenigo-
cele may experience loss of bladder or bowel control, 
weakness, or partial or complete paralysis of the legs, 
which often requires continual medical care includ-
ing surgeries and orthopedic or physical therapy. As a 
result, numerous inpatient and ambulatory discharge 

records, in addition to CMS service-related records, are 
created and are available for the FBDR’s data linkage 
efforts. In contrast, infants with anencephaly are often 
stillborn or die within a few hours or days after birth. 
Typically, only a single hospital record is created for an 
anencephalic infant, and sometimes no records at all 
are created.11 This paucity of records severely restricts 
the ability of the FBDR to capture such a case, lead-
ing to the FBDR’s poor sensitivity and completeness 
of ascertainment for anencephaly and other rapidly 
fatal conditions. 

In our study, 44 live-born cases of anencephaly 
were identified by the enhanced surveillance system, 
22 of which were not captured by the FBDR with any 
included ICD-9-CM diagnosis code. Nine of those 22 
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cases were identified on the birth certificate as having 
anencephaly. If the birth certificate were a valid case-
ascertainment source for the FBDR, sensitivity of the 
FBDR for anencephaly reported in this study would 
have increased from 50% to 70%. This finding illus-
trates that passive surveillance programs should imple-
ment more extensive case-ascertainment strategies for 
anencephaly, including the addition of the anencephaly 
flag in the congenital anomalies section of the birth 
certificate as an additional source of cases, pending 
verification through chart review. Despite reports of 
poor sensitivity and specificity when considered in isola-
tion,12,13 the birth certificate could serve an important 
role in ascertainment as a supplemental dataset. 

An equally important finding from the enhanced 
surveillance project was that medical record review 
of suspected cases (primarily identified by hospital 
ICD-9-CM codes) often resulted in the defect and case 
being ruled out as a false positive. This review step was 
only conducted in the enhanced surveillance method. 
Thus, the FBDR (whose case ascertainment is based 
solely on ICD-9-CM codes) may have a reduced positive 
predictive value; that is, an unacceptable proportion of 
FBDR-identified diagnoses may be determined to be 
false positives upon medical record review. As collect-
ing data on cases ultimately excluded in the enhanced 
system was not part of the enhanced surveillance 
project’s objectives, there were insufficient data to link 
these noncases to cases in the FBDR. Thus, a formal 
assessment of the FBDR’s accuracy could not be made. 
However, this project demonstrated that a mechanism 
for confirming defect diagnoses would improve the 
FBDR’s data quality substantially. In an era of limited 
funding and resources, the FDOH has continued to 
rely on the FBDR for reporting the frequency and 
prevalence of major birth defects. The incorporation 
of case verification procedures, particularly for specific 
defects, would increase the FBDR’s positive predic-
tive value and generate more accurate defect-specific 
prevalence estimates. 

Limitations
Our study was subject to several limitations. First, 
although we were able to link nearly all cases confirmed 
through enhanced surveillance to a live birth certifi-
cate record and, thus, to the FBDR, we were unable 
to link information on noncases. The original intent 
of the enhanced surveillance project was to improve 
ascertainment of the selected defects rather than to 
evaluate the FBDR, and collection of detailed infor-
mation on noncases to the extent necessary to link to 
vital records was not included in the study design. This 
linkage would have provided insight into false-positive 
cases reported by the FBDR. 

Second, the completeness of ascertainment esti-
mated by capture-recapture modeling may have also 
been impacted by false-positive cases reported by the 
FBDR. False-positive FBDR cases would have led to 
an overestimation of the total number of cases and a 
resultant underestimation of completeness of ascertain-
ment. However, we selected birth defects that are easily 
identified and diagnosed at birth (i.e., anencephaly, 
orofacial clefts, and gastroschisis), which should have 
minimized the impact of FBDR-generated false posi-
tives in this study. 

A third potential limitation of this study relates 
to the primary assumption required for two-source 
capture-recapture modeling. We cannot ensure that 
there was no dependence between the two sources, 
as hospital-based information comprised a substantial 
portion of the ascertainment net cast by each surveil-
lance system. However, different data streams were 
pursued from hospitals, with the FBDR using existing 
AHCA data, while the enhanced surveillance project 
involved specific requests to each hospital’s information 
management system. Lastly, some gestational age-birth 
weight categories (e.g., ,37 weeks/,1,500 grams, 
$37 weeks/,1,500 grams) had relatively small case 
counts, which resulted in wide CIs in multivariable 
models. These effect estimates should be interpreted 
with caution.

CONCLUSIONS

Our findings offer insight into the capacity of a passive 
surveillance system that relies solely on data linkage 
and administrative diagnosis codes to identify infants 
with selected birth defects. The experiences gained 
from operating an enhanced surveillance system in a 
catchment area covering more than half of the state’s 
resident live births allow Florida to develop strategies 
for improving its birth defect surveillance. To be bet-
ter suited for use in epidemiologic or clinical studies, 
the FBDR must implement a more comprehensive 
case-ascertainment strategy that is comparable with 
the enhanced surveillance system. 

The results of this study should be generalizable to 
other birth defects surveillance programs that use pas-
sive case-ascertainment strategies involving administra-
tive health records databases. Our findings may help 
them to understand their completeness of ascertain-
ment for selected defects and uncover characteristics of 
records that are difficult to link with other data sources. 
However, similar programs in other states may vary from 
the FBDR in duration of follow-up (e.g., some follow 
infants to age 2 years); whether prenatally diagnosed 
cases are included; and whether fetal deaths, sponta-
neous losses, or pregnancy terminations are included. 
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As few of these programs have conducted active case 
finding for comparative purposes, these results should 
be of interest to birth defects programs in a number 
of U.S. states.
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