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Background - ACHDNC Statement
What questions should newborn screening 

long-term follow-up be able to answer? 

Care Coordination

Evidence-based Txt

Quality Improvement

New Knowledge

Families

Is the family/child prepared 
for transition to adolescent or 

adult system of care?

How is my child doing 
clinically?

Is up-to-date information on 
treatment made available to 

families?

Is my child able to enroll in 
clinical research?

Medical Home

Percentage with an individual 
care plan that is updated at 

regular intervals.

Are best practices used 
appropriately in treatment?

Annual review of best practices 
and care plan?

Percentage of children 
enrolled in clinical research.

State/Nation

How many children are lost to 
follow-up?

What are developmental, 
physical, and mental outcomes 

among affected children?

Is there ongoing evaluation of 
the effectiveness of various 

treatment protocols/regimens?

Do states use national 
standards to collect data and 

link systems?



Background - Long-Term Follow-Up 
in the Public Health Context

PEAS

Long-Term Program 
Evaluation

Nine Assessments

ACHDNC 
Statement

Overarching 
Questions

Families

Medical Home

State/Nation

National 
Quality Forum

Newborn Screening 
Outcome Measure

Hearing Screening 
Outcome Measures



Background
 The long-term follow-up (LTFU) is recognized as an important 

component of clinical care and the majority of patients are seen in 
specialty clinics.  

 Several multi-year efforts to collect information about the clinical 
management and health outcomes are underway across the country. 

 State-based newborn screening programs (NBS) have well developed 
screening and short-term follow-up protocols, but only a few states 
have established long-term follow-up.

 Integrating LTFU into state newborn screening programs would enable 
the collection of information on all cases and has the potential to 
improve health outcomes and identify areas of the country that are 
underserved.  

 State-based LTFU efforts will not only inform the individual state 
programs, but aggregation of the information across states will enable 
nationwide data analysis.  



 However, the use of LTFU in state NBS programs raises a 
number of issues for state health departments, treating 
clinicians, and other stakeholders:
 Consenting individuals

 Mechanisms to collect,

 Store,

 Protect,

 Share, and 

 Report data. 

 Addressing these issues is a key step in the integration of 
LTFU into NBS programs. 

Background



LTFU in Public Health
 The ideal implementation of LTFU in state NBS programs 

residing in state health departments requires the adoption 
of a common set of questions and answers that will be 
collected across all conditions.  

 A set of common data elements (CDEs) enables the 
aggregation, analysis, sharing and reporting of information 
across conditions and state NBS programs.  

 The Newborn Screening Translational Research Network 
(NBSTRN) has developed the common data elements that 
address RUSP conditions and conditions that are part of 
newborn screening pilots.  



Missouri’s Participation
 This pilot is seen as a first step toward a larger effort to 

conduct LTFU within our NBS programs. 

 Missouri purposefully limited the scope of the pilot to test 
the Public Health CDEs and the LPDR Public Health tool 
within our existing infrastructure at the state health 
department.  

 The program decided to look at three different disorders:

 Sickle Cell Disease

 Pompe Disease

 Medium Chain Amino Acid Disorder (MCAD) 



Missouri’s Participation

 The pilot will assist to inform the planning of future 
efforts to conduct multi-year LTFU, and will generate 
information in the following areas:

 Consent;

 Data governance;

 Infrastructure and tool needs;

 Resource needs;

 State health department considerations; and 

 Interaction between state NBS programs and treating 
clinicians.



Deliverables
 To determine the feasibility of the LPDR Public Health 

tool and the 14 public health common data elements.

 To determine feasibility of other methods to obtain 
data.

 To determine barriers and potential solutions to 
collecting this information.

 To report findings of pilot to stakeholders.



Missouri's Methodology

 Shared with Genetic Advisory Committee

 IRB exemption

 Pilot the data elements for Sickle Cell, Pompe, and 
MCAD

 Prospective collection of data

 Planned but did not use the LPDR



 Missouri Newborn Screening Program

 By 2015, more than 1.8 million Missouri newborns have 
been screened for sickle cell disease since 1990.

 Screening for Hb-SS began in 1989. Since then, 900 
infants with sickle cell disease and 25,000 with 
sickle cell trait have been identified.

Sickle Cell Disease



 Data from the hemoglobinopathy reports was linked to 
data elements in the Patient Abstract System records, and 
if at least three variables from each data source matched, 
that record was added to the study.

 Patient records were grouped by year, type (inpatient or 
emergency department), patient, treatment group, and 
cohort.

Data Linkages



 The Patient Abstract System (PAS) is a database that 
contains inpatient and outpatient records of Missouri 
residents who visit hospitals, emergency rooms, and 
ambulatory surgical centers.  This data is gathered 
collaboratively from the Missouri Hospital Industry 
Data Institute (HIDI) and the Bureau of Health Care 
Analysis and Data Dissemination (BHCADD), and 
maintained by BHCADD.

Data Linkages



 Another facet of analysis was conducted by the Bureau 
of Vital Statistics (BVS). The original patient data, with 
the addition of a social security number variable 
(provided by BHCADD), when available, was used to 
link to death certificates. Patients were linked by 
either the social security number, or if one was not 
provided, by name and date of birth. Additional 
linking of the patient list with other vital statistics data 
such as live birth and birth-death match files was done 
to ensure correct names and dates of birth were used 
to link against death data and that no potential death 
record of a patient was missed. 

Data Linkages



 Looked at patients that had five years of data -283 
patients (2003-2009)

 86% had a “matched” PAS record

 4 patient deaths (1%) were identified; only one of 
these patients had an underlying cause of death 
listed as Hb-SS.

Data Linkages



 14 Questions
1 Is the disorder on the newborn panel?

2 What percent of children with disorders remain in care between the ages of one and five years old?

3 What percent become lost to follow-up?

4 What percent of parents refuse treatment?

5 What percent died due to problems associated with this disorder?

6 What percent were determined not to need ongoing treatment?

7 What percent of children (combined or by specific type of disease) had age appropriate developmental status 
with respect to speech, physical development, mental/cognitive development, gross motor and fine motor 
development?

8 What percent of children were severely delayed with respect to any of the developmental measures and what 
year of life did the delays become apparent?

9 What percent of patients experienced symptoms associated with their disorder and at what age did the 
symptoms become apparent?

10 In any given year, what percent of children experienced the loss of skills they had previously acquired?

11 What percent of children had no hospitalizations or emergency room visits in the previous year of life?

12 What disorders are associated with the greatest number of hospitalizations and emergency room visits due to 
disorder-related complications?

13 What disorders are associated with the highest utilization of metabolic center visits?

14 What percent of children are receiving a multidisciplinary team of services, including nutritional counseling, 
health education and social services?

Consensus Public Health Questions



Number Question
Sickle Cell 

Disease

1 Is the disorder on the newborn panel? Yes

2
What percent of children with disorders remain in care 
between the ages of one and five years old?

86% 243/283

3 What percent become lost to follow-up? 3% 8/283

4 What percent of parents refuse treatment? 0% 0/283

5
What percent died due to problems associated with this 
disorder?

1% 4/283

6
What percent were determined not to need ongoing 
treatment?

7% 21/283

7

What percent of children (combined or by specific type 
of disease) had age appropriate developmental status 
with respect to speech, physical development, 
mental/cognitive development, gross motor and fine 
motor development?

NA

Results



Number Question
Sickle Cell 

Disease

8
What percent of children were severely delayed with respect to 
any of the developmental measures and what year of life did the 
delays become apparent?

NA

9
What percent of patients experienced symptoms associated with 
their disorder and at what age did the symptoms become 
apparent?

86% 243/283

10
In any given year, what percent of children experienced the loss 
of skills they had previously acquired?

NA

11
What percent of children had no hospitalizations or emergency 
room visits in the previous year of life?

13% 37/283

12
What disorders are associated with the greatest number of 
hospitalizations and emergency room visits due to disorder-
related complications?

SS (75% of 
hospitalizations)

13
What disorders are associated with the highest utilization of 
metabolic center visits?

NA

14
What percent of children are receiving a multidisciplinary team 
of services, including nutritional counseling, health education 
and social services?

NA

Results



 Adapted the core elements from the LPDR tool

 Developed a two page form that narrowed the focus of 
questions for Pompe

 Forms were sent out to the centers to complete at the 
annual visit for infants diagnosed with disease

 Data was compiled 

Pompe



Number Question Pompe

1 Is the disorder on the newborn panel? Yes

2
What percent of children with disorders remain in care 
between the ages of one and five years old?

87% 20/23

3 What percent become lost to follow-up? 4% 1/23

4 What percent of parents refuse treatment? 0% 0/23

5
What percent died due to problems associated with this 
disorder?

0% 0/23

6
What percent were determined not to need ongoing 
treatment?

0% 0/23

7

What percent of children (combined or by specific type of 
disease) had age appropriate developmental status with 
respect to speech, physical development, mental/cognitive 
development, gross motor and fine motor development?

75% 15/20

Results



Number Question Pompe

8
What percent of children were severely delayed with respect to any 
of the developmental measures and what year of life did the delays 
become apparent?

0% 0/23

9
What percent of patients experienced symptoms associated with 
their disorder and at what age did the symptoms become 
apparent?

22% 5/23

10
In any given year, what percent of children experienced the loss of 
skills they had previously acquired?

NA NA

11
What percent of children had no hospitalizations or emergency 
room visits in the previous year of life?

85% 17/20

12
What disorders are associated with the greatest number of 
hospitalizations and emergency room visits due to disorder-related 
complications?

NA NA

13
What disorders are associated with the highest utilization of 
metabolic center visits?

NA NA

14
What percent of children are receiving a multidisciplinary team of 
services, including nutritional counseling, health education and 
social services?

30% 7/23

Results



 Planned to use the Inborn Errors of Metabolism 
Collaborative Database

 One genetic center has been inputting data

 Plan was to download the data into LPDR’s REDCap

 Only pull data to answer the public health questions

MCAD



Number Question MCAD

1 Is the disorder on the newborn panel? Yes

2
What percent of children with disorders remain in care 
between the ages of one and five years old?

67% 2/3

3 What percent become lost to follow-up? 77% 10/13

4 What percent of parents refuse treatment?
Unable to 

answer

5
What percent died due to problems associated with this 
disorder?

0% 0/3

6
What percent were determined not to need ongoing 
treatment?

0% 0/3

7

What percent of children (combined or by specific type of 
disease) had age appropriate developmental status with 
respect to speech, physical development, mental/cognitive 
development, gross motor and fine motor development?

33% 1/3

Results



Number Question MCAD

8
What percent of children were severely delayed with respect to any 
of the developmental measures and what year of life did the delays 
become apparent?

Unable to 
answer

9
What percent of patients experienced symptoms associated with 
their disorder and at what age did the symptoms become 
apparent?

15% 2/13

10
In any given year, what percent of children experienced the loss of 
skills they had previously acquired?

Data deemed 
unreliable

11
What percent of children had no hospitalizations or emergency 
room visits in the previous year of life?

31% 4/13

12
What disorders are associated with the greatest number of 
hospitalizations and emergency room visits due to disorder-related 
complications?

50% 2/4

13
What disorders are associated with the highest utilization of 
metabolic center visits?

38% 5/13

14
What percent of children are receiving a multidisciplinary team of 
services, including nutritional counseling, health education and 
social services?

0% 0/3

Results



 Not all of the public health questions could be 
answered with departmental linkages

 Majority of the questions were answered using the 
modified LPDR tool

 Missouri is taking baby steps in LTFU

 Hoping to expand by collecting LTFU on all screened 
Lysosomal disorders using the modified tool

Summary



 Missouri is able to obtain some LTFU data from contracted 
centers

 Feasibility of centers to submit the data annually is 
challenging

 Public Health System has to have a way of tracking the data

 NewSteps is already collecting short term data

 Potentially could add the LTFU public health component 
there for states to use

Summary



 National Coordinating Center

 Newborn Screening Translational Network

 Missouri Genetic Centers

 Missouri Bureau of Health Care Analysis and Data 
Dissemination

 Missouri Bureau of Vital Statistics 

 A special thank you to Amy Brower for her slides
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