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Background: Long-term follow-up of children identified through new-
born screening is a critical process of data collection and analysis for
advancing the public health understanding of the health outcomes and
service uptake of the affected children. This article describes first steps
toward the long-term follow-up of newborn screening children with
confirmed disorders through records linkage using population-based
administrative data. Methods: The study cohort consisted of children
born in 2006–2007 with confirmed disorders identified through new-
born screening. Deterministic data linkage methods were used for
record matching. Results: The cohort was followed up to 2 years after
birth by matching to data sources including vital records, hospital
discharges, the Congenital Malformations Registry, and Early Interven-
tion to monitor service utilization, comorbidities, and mortality of the
affected children. Of 1215 children with confirmed conditions identified
through newborn screening, 25 deaths (2.1%) were identified, 86.1%
used hospital (in- or outpatient) services, 36.1% were enrolled in the
Congenital Malformations Registry, and 19.9% used the services of
the Early Intervention program during the 2-year follow-up period.
Conclusions: Long-term follow-up of children with disorders identified
through newborn screening can be initiated by using existing adminis-
trative data. This method is an inexpensive, cost-effective. and efficient
approach for periodical assessment of services utilization, the efficiency
of service delivery, and health outcomes for affected individuals. Genet
Med 2011:13(10):881–886.
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Technological advances in screening have enabled newborn
screening (NBS) programs to detect many disorders, most of

which are inherited. This leads to the early identification of
babies with conditions that may cause disability or death if not
detected and treated within days of birth. Most of these condi-
tions present few signs or symptoms in the neonatal period or in
the first few years of life; routine NBS is the only way of
identifying children at risk for disorders before the onset of
symptoms when treatment may be too late.

Follow-up of children identified by NBS is critical and neces-
sary to achieve the program’s full promise and public health
benefits. Early access to services and treatment and ongoing, high-
quality medical management and care coordination should be
provided to the children and families affected by the NBS conditions.

State Departments of Health in the United States have
established individual statewide NBS programs for labora-
tory screening and short-term follow-up of all newborns with
screen-positive results. This ensures that all infants are
screened, that abnormal results are appropriately and expe-
diently handled, that affected infants are promptly identified
and appropriately referred, and that treatment is initiated in
time for early intervention.1

To assure the best possible outcomes for individuals with
disorders identified through NBS, it is necessary to conduct
long-term follow-up (LTFU), which begins with the initiation of
treatment after a diagnosis is obtained through short-term fol-
low-up of those children with screen-positive results. Other
LTFU goals include care coordination through a medical home,
evidence-based treatment, continuous quality improvement, and
new knowledge discovery.2 LTFU is an important process of
data collection and analysis for advancing the public health
understanding of the impact on and health outcomes of affec-
ted children. Recent surveys of state NBS programs in the
United States have described and analyzed the types of policies
and practices related to LTFU activities for children with con-
firmed NBS disorders.3–6 The authors found that many state
NBS programs lack a LTFU component. The NBS programs
that do conduct LTFU face various challenges and barriers that
may impact their ability to perform it effectively. These include
a lack of comprehensive quality assurance practices, scope of
mandate, outsourcing, financial constraints, and communication
problems with providers who treat these patients.

Currently, there are very few existing data on long-term out-
comes of children diagnosed after a positive newborn screen. The
Centers for Disease Control and Prevention has conducted several
studies using short- and long-term measures to evaluate the effec-
tiveness of NBS for specific disorders and to access long-term
developmental outcomes of children identified through the Georgia
state NBS program.7,8 The findings of cases of developmental
disabilities of varying severity attributable to a metabolic or endo-
crine disorder by Van Naarden Braun et al.8 suggest a need for
ongoing population-based monitoring of the long-term develop-
mental outcomes of children identified through NBS. A study on
LTFU of patients with phenylketonuria identified by the NBS
program in Japan showed the long-term outcome data to be valu-
able for the improvement of blood phenylalanine levels for patients
with phenylketonuria and for the evaluation of the effectiveness of
the initiatives and treatment guidelines issued during the follow-up
period.9

In September 2008, the New York State Department of
Health (NYSDOH) was awarded funds by the Centers for
Disease Control and Prevention to develop and implement a
population-based surveillance and tracking system in New York
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State (NYS) for children with confirmed NBS conditions
through collaboration between the NBS and birth defects
surveillance programs. Establishing a population-based
surveillance and tracking system in NYS will allow the
NYSDOH to enhance the collection of high-quality data on
confirmed NBS cases, advance the public health understand-
ing of the impact and short- and long-term outcomes of
children with confirmed NBS conditions, and ensure that all
affected children have early access to services and treatment.
This article describes a model for LTFU of children with
confirmed NBS conditions using the population-based health
surveillance and administrative data sets that are routinely
collected and maintained by the NYSDOH. Preliminary re-
sults from these data linkages are presented.

METHODS

Data sources

NBS program
The NBS Program housed in the Wadsworth Center of the

NYSDOH performs more than 11 million tests annually for more
than 40 heritable diseases, congenital hypothyroidism (CH), and
human immunodeficiency virus (HIV) exposure on approximately
250,000 babies born in NYS. Approximately 4,300 babies per year
are referred for additional diagnostic testing, and approximately
14% of that group (600 babies) is expected to be diagnosed with
one or more of the screened disorders.10 Currently, the NBS
program consists of the laboratory and short-term follow-up com-
ponents. Testing is performed using dried blood spots collected
from all babies born in NYS. If the laboratory results warrant
additional testing, a referral is made to the infant’s healthcare
provider, the birth hospital, and a specialist in that particular
disease area. The NBS program then follows up with healthcare
providers to track the information on the confirmatory testing and
closes the case after a diagnosis is made. The NBS database
contains demographic information from the mother, the newborn,
and the birth hospital/healthcare provider. It also contains the
screening results and short-term follow-up information including
the confirmatory test results for those children with screen-positive
results and information on the treatment center and the primary
healthcare provider.

Congenital Malformations Registry
The NYS Congenital Malformations Registry (CMR) in the

Center for Environmental Health was established as part of the
Environmental Disease Surveillance Program in 1982. Hospi-
tals and physicians are required to report to the CMR all
children 2 years of age or younger who were born or reside in
NYS and were diagnosed with any structural, functional, or
biochemical abnormality determined genetically or induced
during gestation and not due to birthing events. A list of
reportable major birth defects can be obtained elsewhere.11

Excluding HIV, approximately 90% of the conditions currently
screened by the NBS program are reportable to the CMR. The
CMR is one of the largest statewide population-based birth
defects registries in the nation, receiving birth defects reports on
more than 11,000 children annually from among approximately
250,000 live births.11 The CMR data contain demographic
information on the children and parents, birth defect diagnoses,
and information on case reporting hospitals and physicians.

Vital records
Birth and death certificate files of NYS residents are main-

tained in the Bureau of Biometrics and Health Statistics of the

NYSDOH. Birth certificates include demographic information,
maternal medical conditions, and other risk factors. Death cer-
tificates have demographic and cause of death information.

Hospital discharge files
Hospital discharge files containing inpatient and outpatient

data are routinely collected and maintained by the Statewide
Planning and Research Cooperative System (SPARCS) of
NYSDOH. SPARCS, implemented by the NYSDOH in 1979, is
a comprehensive, integrated information system which receives,
processes, stores, and analyzes the inpatient hospitalization data
from all facilities in NYS and ambulatory surgery data from
hospital-based ambulatory surgery services and all other facil-
ities providing ambulatory surgery services. As mandated,
healthcare providers submit data electronically to SPARCS
containing patients’ date of birth, medical record number, ad-
mission and discharge information, diagnoses and procedures,
and health insurance information.

Early intervention program
The Early Intervention (EI) program in the Center for Com-

munity Health of the NYSDOH is a statewide program offering
therapeutic and support services for children up to 3 years of
age with special needs and their families. EI is designed to
enhance the development of infants and toddlers with disabili-
ties and/or developmental delays. The EI database contains
demographic information on the child, initial diagnosis and
recommended services, and information about services actually
received.

Study cohort
Children who were born in 2006–2007 and had confirmed

NBS conditions including endocrine disorders, hemoglobinop-
athies, metabolic disorders, and cystic fibrosis were identified
from the NBS database. The data set with identified cases
contains child and mother’s demographic information and other
identifying information and the confirmatory diagnosis. The
study protocol for accessing records containing identifying in-
formation was approved by the Institutional Review Board of
the NYSDOH. Data use agreements were obtained from the
project staff before conducting this study.

Long-term follow-up
Data acquisition and linking NBS data to other available

administrative databases were the main components of the
surveillance and tracking system established for this project.
The study cohort was followed up to 2 years after birth by
matching the NBS cases to the birth certificate files to obtain
birth variables and selected parental risk factors; matching to
the CMR database to identify other congenital disorders; and
matching to SPARCS hospital discharges, the EI database, and
death certificates to monitor the healthcare and service utiliza-
tion, comorbidities, and mortality status of this cohort.

Data linkage
The Statistical Analysis System (SAS, NC) was used to develop

programs for data linkage. Deterministic data linkage methods
were used with multiple criteria for establishing matches between
records. A successful deterministic linkage relies not only on the
completeness of data but also on choosing an appropriate combi-
nation of common identifiers. As there was no unique identifier
available among the data sources, personal identifiers such as last
name, sex, and date of birth were used as common identifiers in
matching databases deterministically. Other potential indicators
such as residential address, medical record number, and birth
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weight were also used further to improve the accuracy of record
linkage. Several combinations of the matching variables were used
to identify all possible matches. Points were assigned to each
criterion. Assigning different points to different identifiers pro-
vided a way to recognize variations in quality or reliability of
different data elements. Records were compared on the selected
matching variables until (1) a match was found, (2) a possible
match was found, or (3) the list was exhausted without finding a
match. For the possible matches, staff manually reviewed each
record to decide whether to consider it a match.

The accuracy of linkage was examined by crossvalidating
personal information obtained from the matching data sources.
Questionable links identified by the computerized process were
checked manually to remove false matches (false positives) and
identify false nonmatches (false negatives). The data linkage
rate was calculated by using the number of true matches divided
by the total number of records available for matching.

Integrated database system
Microsoft Access was used to create an integrated database

system for collecting, managing, and analyzing the records of
affected children containing linked information from multiple
sources. Structured Query Language was used in developing ap-
plications for users to view, update, or query records and to check
data quality by searching for missing or inconsistent records. The
integrated database is password protected, maintained on a secure,
dedicated project server of NYSDOH, backed up on a daily basis,
and accessible only to key project personnel.

RESULTS

Figure 1 shows the flowchart of the data linkage process that
includes the following steps: (1) selecting records and matching
variables from the data sources, (2) standardizing the matching
variables, and (3) performing record matching. By reviewing the
records and the matching scores, point thresholds for defining a
match, possible match, or nonmatch were established. For instance,
if the score was greater than a threshold, P1, the record was
considered as a match; if the score was within a defined range,
P1 � P2 where P2 � P1, the record was a possible match; and if

the score was below P2, there was no match. The project staff
manually reviewed every record and matching variables for the
possible matched records to identify correct matches.

As shown in Figure 2, the data elements obtained from these
multiple sources by record linkages included birth variables, pa-
rental demographics, and risk factors and mortality status from
vital records; comorbidity and hospitalization data from SPARCS
hospital discharge files; birth defects from the CMR; and the
comorbidity evaluations and services the children and families
received from the EI program. An integrated relational database
was developed for the surveillance and tracking system to incor-
porate the information obtained from these multiple sources by
record linkages. Unique identification fields from each data source
were included in the database, so that additional source
information for records in the integrated system was always
accessible from the contributing sources when needed.

Using the automated data matching program, a matching rate of
97% was achieved between the NBS cohort and live birth certifi-
cates for children born in NYS excluding New York City (the New
York City live birth data were not available for this project).
Additional matches were found by extensive manual searching
against the birth certificates using the information obtained from
the CMR and other data sources. The efforts resulted in 98% of the
children being matched to their birth certificates.

The first and second year morbidity and mortality experience
and healthcare and service utilization were assessed by data
linkages. A total of 1215 children born in 2006–2007 were
identified with confirmed NBS conditions including endocrine
and metabolic disorders, hemoglobinopathies, and cystic fibro-
sis. Figure 3 shows the results from the data linkage of NBS
children to data sources including SPARCS hospital discharges,
CMR, EI, and death certificates by NBS disorder categories
examined. The percentage of the children matched to each data
source varied by condition. A majority of the children (�76%)
used hospital inpatient or outpatient services during the fol-
low-up period (up to 2 years after birth). Forty-four percent of
NBS children with hemoglobin disorders were enrolled in the
CMR, whereas only 14.5% of children with metabolic disorders
were enrolled in the CMR. The percentage of children matched
to the EI database was 32.0% among children with endocrine

Fig. 1. A flowchart of the data linkage process used for
the long-term follow-up of children with confirmed new-
born screening disorders in New York State. Note: P1 and
P2 are defined point thresholds and P2 � P1.

Fig. 2. Data collection and integration for long-term fol-
low-up of children with confirmed newborn screening
disorders in New York State; data from record linkages
using existing data sources that are routinely collected and
maintained by the New York State Department of Health.
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disorders but only 10.2% among children with hemoglobin
disorders and 10.8% among children with cystic fibrosis. In
addition, 5.5% of the children with endocrine disorders were
matched to their death certificates.

Table 1 presents the results of the data linkage of the cohort to
data sources by individual disorder within each condition category.
Overall, 86.1% of the children were matched to hospital discharge
files, 36.1% to the CMR, 19.9% to the EI, and 2.1% to death

Table 1 Results from data linkage of children with confirmed newborn screening (NBS) disorders (N � 1215) to data
sources including hospital discharges (Hosp), Congenital Malformations Registry (CMR), Early Intervention (EI), and death
certificates (DCs) by disorder category (Birth cohort: 2006 and 2007 New York State live births; 2 years after birth)

NBS conditions
NBS children,

N (%)a
Matched to Hosp,

N (%)b
Matched to CMR,

N (%)b
Matched to EI,

N (%)b
Matched to DC,

N (%)b

Endocrine disorders

Congenital adrenal hyperplasia 26 (6.3) 26 (100.0) 21 (80.8) 7 (26.9) 0 (0.0)

Congenital hypothyroidism 390 (93.8) 333 (85.4) 124 (31.8) 126 (32.3) 23 (5.9)

Hemoglobin disorders

Sickle cell disease 474 (84.8) 422 (89.0) 239 (50.4) 47 (9.9) 1 (0.2)

Thalassemia 19 (3.4) 17 (89.5) 2 (10.5) 4 (21.1) 0 (0.0)

Others 66 (11.8) 54 (81.8) 5 (7.6) 6 (9.1) 0 (0.0)

Metabolic disorders

Amino acid disorders 35 (21.1) 25 (71.4) 7 (20.0) 8 (22.9) 0 (0.0)

Fatty acid oxidation disorders 61 (36.7) 54 (88.5) 7 (11.5) 20 (32.8) 1 (1.6)

Organic acid disorders 70 (42.2) 59 (84.3) 10 (14.3) 16 (22.9) 0 (0.0)

Cystic fibrosis 74 (100.0) 56 (75.7) 24 (32.4) 8 (10.8) 0 (0.0)

Total 1215 (100.0) 1046 (86.1) 439 (36.1) 242 (19.9) 25 (2.1)
aPercent within each category.
bPercent of NBS children matched to each data source.

Fig. 3. Results from data linkage of children with confirmed newborn screening disorders (N � 1215) to data sources
including hospital discharges, Congenital Malformations Registry (CMR), Early Intervention, and death certificates:
percent of matched records by NBS disorder categories (Birth cohort: 2006 and 2007 New York State live births; follow-up
period: up to 2 years after birth).
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certificates. The percent of the children matched to each data
source varied by disorder and by data source. The percentage of
children matched to SPARCS hospital discharge files was �80%
among children with congenital adrenal hyperplasia, CH, sickle
cell disease, thalassemia, other hemoglobin disorders, fatty acid
oxidation disorders, and organic acid disorders. More than 50% of
the children with congenital adrenal hyperplasia and sickle cell
disease were matched to the CMR. Among 25 deceased children
identified through matching to the death certificates, 23 had CH,
one had sickle cell disease, and one had a fatty acid oxidation
disorder.

For the 439 children who were matched to the CMR, we
examined the birth defect conditions recorded in CMR and com-
pared them with the confirmatory diagnoses from NBS. As pre-
sented in Table 2, 82.5% of the children had the same diagnoses in
both data sources. The percentage of agreement in diagnoses was
�90% for children with congenital adrenal hyperplasia, sickle cell
disease, and cystic fibrosis. Overall, 24.1% of the children had
multiple congenital malformations (comorbidities) recorded in the

CMR. The percentage of children with comorbidities found in the
CMR varied by individual NBS condition.

DISCUSSION

LTFU of the NYS children with confirmed NBS disorders
using existing administrative data routinely collected and main-
tained by the NYSDOH is a very useful approach for popula-
tion-based surveillance and tracking. This systematic data col-
lection approach leverages existing resources and has proved to
be inexpensive, cost-effective, and efficient. It allows periodical
assessment of healthcare services utilization and health out-
comes for NBS children with confirmed disorders. The data
linkage programs efficiently allow for the batch matching of
large data sets.

Through collaboration and partnerships among established
statewide public health surveillance programs and healthcare
service agencies, we were able to conduct a pilot study of
long-term outcomes for this cohort. This was accomplished by
use of data linkage to collect information on health status and
healthcare utilization. This integrated child health information
database system can be used to evaluate the health of individ-
uals and assess their utilization of services. This information can
also be used by public health professionals, advocates, and
policymakers to assess health outcomes of these children and
improve and strengthen the services and support systems for the
children throughout their lifespan. Linking the NBS children to
other administrative data sources such as immunization and
early hearing detection and intervention would also be helpful
in developing integrated child health information systems to
meet medical care and public health needs, which result in
improved child health. However, the project staff did not have
access to these data sources for the current project.

This study found that of 1215 children born in 2006–2007
and confirmed with this group of conditions, 25 deaths (2.1%)
occurred, 86.1% used hospital inpatient or outpatient services,
36.1% were enrolled in the CMR, and 19.9% used the services
provided by the EI program during the 2-year follow-up period.
The EI uptake rate among the study cohort is significantly
higher than that among New York newborn population (�12%)
(EI program, unpublished data). Studies are underway to iden-
tify children who had confirmed NBS disorders such as CH and
who were enrolled in the EI Program. Detailed analyses will be
performed to describe and evaluate the care and services re-
ceived by the children and their families.

We found that the majority of deaths among the cohort
occurred in children with a diagnosis of CH. Among the de-
ceased children with confirmed CH, 65% had very low birth
weight (VLBW) (450–940 g) and 30% had low birth weight
(1000–2415 g). A recent study reported that the incidence of
early, transient hypothyroidism in VLBW infants defined by
thyrotropin concentration was eight times that in term infants.12

Hypothyroidism (primary or transient) is prevalent in VLBW
babies. Because of prematurity and/or the presence of congen-
ital malformations or complications, VLBW and low birth
weight babies experience high mortality rates.

Approximately 90% of the conditions screened by the NBS
program are reportable to the CMR. However, only approxi-
mately 36% of the cohort (children with confirmed NBS disor-
ders) was found in the CMR through data linkage. This could be
because that not all children with confirmed NBS disorders
required hospitalization. They may have been cared for and
treated by physicians as outpatients. Although it is mandatory
for hospitals and physicians to report birth defect cases to the
CMR, not all physicians who treat children with birth defects in

Table 2 Results from data linkage: Diagnosis information
for children who had confirmed newborn screening
(NBS) disorders and were matched to the Congenital
Malformations Registry (CMR) (N � 439), by disorder
category (Birth cohort: 2006 and 2007 New York State
live births; follow-up: 2 years after birth)

NBS conditions

Matched
to CMR,
N (%)a

Had the
same diagnosis,

N (%)b

Had
comorbidities,

N (%)c

All 439 (100.0) 362 (82.5) 106 (24.1)

Endocrine disorders

Congenital adrenal
hyperplasia

21 (14.5) 19 (90.5) 7 (33.3)

Congenital
hypothyroidism

124 (85.5) 80 (64.5) 62 (50.0)

Total 145 (100.0) 99 (68.3) 69 (47.6)

Hemoglobin disorders

Sickle cell disease 239 (97.2) 223 (93.3) 21 (8.8)

Thalassemia 2 (0.8) 1 (50.0) 2 (100.0)

Others 5 (2.0) 0 (0.0) 1 (20.0)

Total 246 (100.0) 224 (91.1) 24 (9.8)

Metabolic disorders

Amino acid
disorders

7 (29.2) 6 (85.7) 2 (28.6)

Fatty acid oxidation
disorders

7 (29.2) 2 (28.6) 1 (14.3)

Organic acid
disorders

10 (41.7) 8 (80.0) 1 (10.0)

Total 24 (100.0) 16 (66.7) 4 (16.7)

Cystic fibrosis 24 (100.0) 23 (95.8) 9 (37.5)
aPercent within each category.
bPercent of NBS-CMR matched children who had the same diagnosis information
in both sources.
cPercent of NBS-CMR matched children who had multiple malformations in
CMR.
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office settings comply. The project staff has been working on
identifying the children with confirmed NBS conditions that
were missed by the CMR. A separate manuscript will be pre-
pared to summarize the findings of using NBS database as an
additional data source to improve the completeness of cases
ascertainment of the CMR.

The completeness and accuracy of records linkage rely on the
availability and quality of matching variables in data sources.
For the NBS and birth certificate data sources, nearly 100% of
the records have nonmissing values for the matching variables
including child’s date of birth, last name, mother’s last name,
and residential address. Ideally all NBS children born in NYS
should be matched to their birth certificates. We have success-
fully matched 98% of children with confirmed NBS disorders to
their birth certificates for the 2006–2007 births in the NYS
excluding infants from New York City. The 2% nonmatches
(false negatives) could have resulted from incomplete or incor-
rect information on the matching variables recorded in one or
both data sources or out-of-state births to the NYS residents,
whose physicians send in an initial screen when the baby comes
to their office. We were not able to assess the matching rate
between the NBS children and SPARCS hospital discharge
files, CMR, or EI data. Not all children with confirmed NBS
disorders require hospitalization, have the major congenital
malformations that are reportable to the CMR, or require early
intervention services. However, we were able to modify the
matching programs and algorithms to minimize the number of
false positives (records having high matching scores but are not
true matches) and false negatives (records having relatively low
matching scores but are true matches). Staff manually checked
for both false positives and false negatives to ensure the accu-
racy and completeness of data linkage. In the current project,
matching NBS children to the SPARCS hospital discharge files
was very challenging because there are no patient names in the
SPARCS data set. We were able to improve the matching by
using patient medical record numbers and other available de-
mographic variables such as date of birth, gender, race, birth
weight, and residential address. In addition, multiple admissions
of the same patient to the same hospital or to different hospitals
helped to improve the chance of matching.

A recent study ascertaining the extent of patients being lost to
follow-up in an observational HIV cohort using a data linkage
method found that this approach helped to identify patients
returning for care at different centers and thus reduced the
number of patients lost to follow-up in the cohort study.13 In the
current project, 72 (20%) of the 356 children, who were born in
2006–2007 and were lost to follow-up (had positive screening
results but no confirmatory diagnoses), were found through data
linkage to the CMR and EI database, and 280 (79%) were found
through data linkage to SPARCS hospital discharge (data not
shown). The information obtained from the CMR, EI, and
SPARCS hospital discharge databases will help to evaluate the
health outcomes of these children.

The availability of administrative data provides opportunities
for monitoring access to needed healthcare and identifying
health disparities in services utilization in a large, targeted
population. Because of these potential advantages, there has
been an increasing use of the existing administrative data in
healthcare research and disease surveillance.14,15 A similar
model for using state resources to develop sickle cell disease
surveillance across the lifespan has been proposed recently.16

The most commonly used administrative data include federal-
and state-specific vital records, hospital discharge data sets, and
public and private health insurance claims databases.17

Some limitations of administrative data in general have been
identified17,18 including potential misclassification, underreporting,
lack of sociodemographic information, inaccuracy of some data
fields, and reporting bias of some indicators. To improve the
accuracy of the follow-up information obtained by data linkage, the
project staff is conducting a review of clinical records for children
seen and treated at the Inherited Metabolic Specialty Treatment
Centers across New York. Data collected at our treatment centers
will be compared with those obtained by data linkage to verify the
quality and accuracy of the data from the administrative data
sources such as the SPARCS hospital discharge files.
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