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Abstract: The US Secretary of Health and Human Services’ Advisory
Committee on Heritable Disorders in Newborns and Children provides
guidance on reducing the morbidity and mortality associated with
heritable disorders detectable through newborn screening. Efforts to
systematically evaluate health outcomes, beyond long-term survival,
with a few exceptions, are just beginning. To facilitate these nascent
efforts, the US Secretary of Health and Human Services’ Advisory
Committee on Heritable Disorders in Newborns and Children initiated
a project to define the major overarching questions to be answered to
assure that newborn screening is meeting its goal of achieving the best
quality outcome for the affected children and their families. The ques-
tions identified follow the central components of long-term follow-up—
care coordination, evidence-based treatment, continuous quality im-
provement, and new knowledge discovery—and are framed from the
perspectives of the state and nation, primary and specialty healthcare
providers, and the impacted families. These overarching questions
should be used to guide the development of long-term follow-up data
systems, quality health indicators, and specific data elements for eval-
uating the newborn screening system. Genet Med 2011:13(10):
861–865.

Key Words: newborn screening, long-term-follow-up, quality assur-
ance, health outcomes, data collection

Newborn screening (NBS) is a highly successful and essen-
tial public health system that reduces death and disability

in newborns with a wide range of disorders including hemoglo-
binopathies, endocrinopathies, inherited metabolic conditions,
and congenital hearing loss. Assuring that all children and their

families experience optimum outcomes necessitates a coordi-
nated effort to improve tracking and monitoring of healthcare
delivery (e.g., services used, clinical care received, and health-
related outcomes). Efforts to systematically evaluate health
outcomes, beyond long-term survival, with a few exceptions,
are just beginning. To facilitate these nascent efforts, the US
Secretary of Health and Human Services’ Advisory Committee
on Heritable Disorders in Newborns and Children (SACHDNC)
initiated a project to define the major overarching questions to
be answered to assure that NBS is meeting its goal of achieving
the best quality outcome for the affected children and their
families. Long-term follow-up (LTFU) begins after a newborn
with an out of range screening result has diagnostic confirma-
tion, and treatment or intervention has been initiated (e.g.,
short-term follow-up). LTFU “includes assurance and provision
of quality chronic disease management, condition-specific treat-
ment, and age-appropriate preventive care throughout the lifes-
pan of individuals identified with a condition included in new-
born screening.”1 The SACHDNC developed a conceptual
model for LTFU that includes the key components—care co-
ordination through a medical home; treatments and services
with proven effectiveness using evidence based medicine; con-
tinuous quality improvement of the LTFU system; and new
knowledge discovery to improve child health outcomes.

NBS tracking and monitoring efforts have traditionally fo-
cused on the short-term follow-up process, and limited systems
currently exist to track the care and management of the child
over time. The SACHDNC sought to identify the most impor-
tant questions and issues that could be used to inform the
development of a NBS-LTFU data system. National efforts are
underway to standardize data collection categories for LTFU
and facilitate sharing of information across organizations. The
questions and issues presented in this report could guide these
data standardization activities, leading to quality measures by
which LTFU programs can evolve and improve.

WORKSHOP

The Follow-up and Treatment Subcommittee of the
SACHDNC convened a workshop entitled “Overarching Ques-
tions in Long-Term Follow-up and Treatment in Newborn
Screening” on September 23, 2009. The subcommittee invited
individuals with expertise from various sectors of the public
health and healthcare systems that interface with, or are critical
to, LTFU after NBS to help define critical questions. (A list of
workshop participants is provided in the Appendix, Supplemen-
tal Digital Content, http://links.lww.com/GIM/A214).
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An extensive list of potential overarching questions for
LTFU was distributed to workshop participants before the
workshop. The objective of the workshop was for participants to
refine and prioritize the questions. The questions were to align
along two axes: (1) four major components of LTFU (care
coordination, evidence-based treatment, continuous quality im-
provement, and new knowledge discovery); and (2) stakehold-
ers in LTFU after NBS (children and families; primary care
providers; specialists and clinical researchers; and national and
state entities). Participants were divided by stakeholder group,
and each group worked with a facilitator to identify no more
than five to seven important questions for each component.
Groups came back together to present questions. These ques-
tions were subsequently summarized using the two axes: LTFU
component and stakeholder perspective (Table 1).

This document summarizes the workshop, identifies overar-
ching themes, and specifies the most important issues that
workshop experts identified as key to achieving a high-quality
NBS LTFU system.

SUMMARY OF THE QUESTIONS AND MOST
IMPORTANT ISSUES FOR LTFU

Care coordination for LTFU through the medical
home

The workgroup emphasized the importance of a child’s or an
adolescent’s medical home in providing coordinated LTFU and
treatment. Less than half of children with special healthcare
needs have access to a medical home, and the percentage
decreases for children with special healthcare needs whose
families live in poverty, have no health insurance, or are from
an ethnic minority.2 The workgroup recognized the challenges
inherent in defining and measuring care coordination through a
medical home, especially if primary care physicians or specialty
care providers are not well versed in the concept and imple-
mentation of medical home. Also, concern exists that there will
not be enough medical geneticists and other genetics profes-
sionals to adequately integrate into a medical home practice
model.3

Population-level data collected at the state or national level
should be able to document the capacity, such as distribution
and physical accessibility of providers, within the healthcare
system to provide LTFU services to children diagnosed with
disorders through NBS and if children/adolescents have finan-
cial access to these services. States should be able to ascertain
the number of children lost to follow-up after a diagnosis has
been firmly established. The availability of ongoing treatment
and management services should be assessed for newborns and
for older children as they transition into adulthood. This assess-
ment should include documentation of the utilization of fol-
low-up services including the type of providers actually provid-
ing care and documentation of the use of care coordination
plans throughout the lifespan. Care coordination plans outline
important health information and must contain a medical sum-
mary, a treatment plan, an emergency medical treatment plan, a
working care plan that outlines the role of all providers involved
in the child’s care, information that was discussed with the
family or caregivers, information about the next appointment,
and information that the plan was given to the family or care-
giver.4 State NBS programs and practitioners should be able to
quantify the number of children receiving care through a med-
ical home and whether individual care plans are updated, at
minimum, annually. Furthermore, explicit arrangements are
needed to enable primary care providers and specialists to

comanage the complicated issues related to children with con-
ditions detected through NBS.

Care coordination through the medical home is family cen-
tered. Therefore, questions of interest include do families have
the knowledge, skills, resources, and supports to successfully
adhere to treatment regimens and self-advocate, including age
appropriate genetic counseling that should address the psycho-
social implications of the diagnosis? Are families and children
prepared for life transitions from pediatric to adult care? Are
office staff and allied health providers, working in concert with
the primary care physician, providing assistance to the family
for the transition? Overall, LTFU delivered and/or coordinated
by the medical home model should be able to track individuals
through the life course and assure the continuity and quality of
care over time.

Evidence-based clinical practice
Best practices for clinical care and other service provision for

many of the NBS disorders still require definition and subse-
quent refinement as new knowledge about treatment effective-
ness accumulates. Ideally, families must have access to the most
up-to-date information about evidence-based treatments. Spe-
cialists and primary care providers want to know that children
diagnosed through NBS and immediately enrolled in long-term
care are achieving better outcomes than children diagnosed
clinically. State public health programs want to know whether
physicians are using the most up-to-date clinical information.
The identification of best practices or clinical guidelines for
NBS conditions remains in development and is ongoing within
the Regional Genetics and Newborn Screening Collaborative
funded by the Health Resources and Services Administration. In
addition, examples of expert consensus exist in the literature for
some conditions.5–8

In general, the link between best practices and clinical out-
comes needs to be further explored, and data systems need to
adequately capture the relationships among treatments, health
outcomes, and quality of life. At the state and national level, it
would be useful to know what NBS disorders have best prac-
tices available for ongoing disease management, and how fre-
quently these best practices are disseminated to, and used by,
local practitioners. Morbidity and mortality data by specific
disorder would be useful for states to monitor whether quality of
care is improving over time. Providers should be able to docu-
ment the types of treatments being used and the complications
children experience over time, including periodic developmen-
tal and physical status assessments. Data on treatments and
outcomes should be available to state and federal agencies on an
aggregated level, so that best practices can be assessed, updated,
and redisseminated. Families should be adequately informed
about what treatment options are available for their children;
they should have a clear understanding of what steps they need
to take to improve or maintain the health status of their child;
and they should thoroughly understand the medical needs and
issues related to their child’s care.

Continuous quality improvement
LTFU provides an opportunity to evaluate treatment efficacy

and determine the benefits and deficiencies of treatment leading
to opportunities for improvement.9 Continuous quality improve-
ment occurs along several dimensions: adherence to clinical
guidelines or best practices, evaluation of effectiveness of treat-
ments, and assessment of individuals’ and families’ experience
of care.1 Important questions include whether families believe
that they have ongoing access to age-appropriate education
about their child’s disease and treatment options. Are they equal
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Table 1 Overarching questions for long-term follow-up for newborn screening

Long-term
follow-up goal Families

Medical home/primary care
provider/specialists/clinical

investigators State/nation

Care coordination
through a
medical home

Is my child receiving
coordinated care through a
medical home?

Does the child have a family-
centered medical home?

Is the family/child knowledgeable
about the specific diagnosis?

What do families need to facilitate
follow through with treatment
and care plans?

Does the family/child have the
skills and tools to self-advocate?

Is the family/child prepared for
transition to adolescent or adult
system of care?

What percentage of
families/individuals receives
carrier identification and age-
appropriate genetic counseling
that also addresses psychosocial
implications?

Are children/adolescents
receiving coordinated care
through a medical home?

What percentage of children
(combined and by specific
disease) identified by the
newborn screening program
have an individual health/care
coordination plan that is
updated at regular intervals?

Do children/adolescents receive coordinated
care through a medical home?

What percentage of children/adolescents has a
family-centered medical home?

What percentage of children/adolescents has a
care coordination plan that is regularly
reviewed?

Is there capacity to provide services and do
children/adolescents have financial access to
services?

What percentage of youth has successfully
transitioned from a pediatric to an adult
system of care?

How many children are lost to follow-up?

Evidence-based
treatment

How is my child doing
clinically?

What percentage of families
reports a good understanding
of their child’s treatment
regimen, options, and other
medical and nonmedical needs
and resources?

How are the children/adolescents
doing clinically? Are children
identified through NBS and
enrolled in care doing better
than those identified clinically?

Are best practices used
appropriately in treatment?

How are these best practices
communicated to the family?

How are the children/adolescents doing
clinically?

What are developmental, physical, and
mental outcomes among affected
children?

Are service providers using best practices?

Continuous
Quality
Improvement
(QI)

Is my child getting the best care
and treatment? How can I
improve my child’s outcome?

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

What percentage of families feels
they have ongoing access to
age-appropriate education?

Do families have the opportunity
to be in communication with a
medical team for effective
management of their child’s
care?

Am I doing the best for my
patients?

Is there an annual review of best
practices and care plan for each
child across all levels of the
care continuum?

How do we assure ongoing QI?
Is there a coordinated ongoing process for

collecting and synthesizing information
about effective treatments?

Is there a coordinated mechanism for
connecting affected individuals with the
most effective treatments or clinical
research trials if the appropriate
management is uncertain?

Is there ongoing evaluation of the
effectiveness of various treatment
protocols/regimens?

Are there policies in place at the state/
national level that facilitate collection and
exchange of information among all
components of the NBS system?

New knowledge
discovery

Is my child able to enroll in
clinical research related to
his/her disorder?

What percentages of families are
engaged in the development of
disease-specific registries,
standardization of best
practices, and research studies?

Do children in my care have the
opportunity to enroll in
clinical research?

What percentage of children is
enrolled in clinical research
related to their disorder and
does enrollment in research
influence outcome?

Is knowledge gained from
longitudinal studies informing
clinical care and treatment
development for children with
these conditions?

What clinical and observational long-term
follow-up research efforts are being
performed at the state and national levels?

Are high-quality NBS surveillance and tracking
systems in place at the state and national
level?

Do states use national data standards to collect
data and link systems?

Are safeguards in place to protect the privacy of
children and families enrolled in clinical
research?

Are the results of basic, clinical, and
translational research incorporated into best
practices for the care of children?
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partners in communication regarding their child’s medical care?
Knowing the barriers to care from the patients’ and families’
perspectives may help healthcare providers, the healthcare and
public health systems, and healthcare payer policy makers and
administrators to address issues that can result in improved
adherence to treatment regimens to maximize health outcomes.
For the practitioner, is there an annual review of best practices
and each child’s individual care plan? Is this review done with
family involvement? At the state and national levels, do infor-
matics systems exist that will allow for the flow of information
among parts of the NBS system to allow for continuous quality
improvement? In addition to the factors that are found to promote
improved health outcomes and better quality of life, data systems
need to capture information about nonsystematic or process fac-
tors, such as variations in practice patterns by geographic region,
socioeconomic status of patient population, and health insurance
status.10 Finally, data systems need to capture individual health
status measures, health utilization patterns, and temporal trends, so
that factors associated with increased emergency department visits
and hospitalizations can be further explored.

New knowledge discovery
There are many unknowns in NBS clinical outcomes, and these

gaps will be addressed by new knowledge discovery through
clinical research. Funding, technical assistance for research and
surveillance, and setting of standards for information systems are
functions that should be performed at the national level. States’ role
in developing new knowledge should focus on facilitating access to
LTFU data and families’ participation in research, and the protec-
tion of privacy, although state laws and practices regarding access
to data for research and surveillance vary widely.11,12 Given the
rarity of many conditions identified by NBS, national data will be
required for most surveillance and research purposes. New knowl-
edge discovery can be best achieved through the sharing of data
collected by individual states with specialty care provider groups
engaged in the data collection process and investigators engaged in
studying conditions identified by NBS.

Knowledge gained from LTFU programs can inform basic
science and clinical research efforts that can then positively
impact clinical practice and treatment development in an itera-
tive process that is mutually beneficial. For example, it is well
known that acquisition of new knowledge obtained from re-
search efforts in the basic science setting (so-called “bench”
science) can inform clinical care, help establish “best practices,”
and lead to drug development for children identified by NBS
(i.e., “translational” research). However, it is also the case that
investigators learn from their patients, and the knowledge
gained from LTFU programs can help researchers identify mo-
lecular regulatory pathways, understand disease mechanisms,
and identify potential targets for development of novel thera-
peutics and interventions. Programs such as the Newborn
Screening Translational Research Network funded by the Na-
tional Institutes of Health are designed to support investigators
engaging in basic, clinical, and translational research in disor-
ders identified by NBS for the ultimate goal of improving the
diagnosis, treatment, and management of children with these
conditions, and the availability of data from LTFU programs is
an essential component of these efforts. In this way, the new
knowledge discovered by NBS LTFU programs also ultimately
advances the other three central components of LTFU, includ-
ing care coordination, evidence-based treatments, and continu-
ous quality improvement.

Family members participating in the workgroup expressed an
interest in being involved in research-related endeavors. A growing
body of literature examines the promise of participatory action

research to include families and community partners in all aspects
of the research process.13–15 In the case of NBS LTFU, these
aspects include, but are not limited to, development of registries
and subsequent research studies, and development of standardized
best practices. A successful model of LTFU new knowledge dis-
covery should engage, educate, empower, and reengage families
from the outset and across the model.

FUTURE DIRECTIONS

Data standards for NBS LTFU are under development. The
overarching questions and most important issues for LTFU pre-
sented herein serve as a guide for current and future data projects.
LTFU data systems may then achieve a level of uniformity and
incorporate measures to assess whether the goals of care coordi-
nation; use of evidence based medicine; continuous quality im-
provement; and new knowledge discovery have been met. Another
important next step will be the assurance of adequate resources to
accomplish the goals of LTFU care after NBS and to ensure
continuing resources for LTFU care in the future. One possible
model to achieve the goals for LTFU may be found in the expe-
rience of cystic fibrosis clinical centers that are overseen by the
Cystic Fibrosis Foundation. Through regular review processes, the
cystic fibrosis centers have established best practices and defined
quality measures16 or have used outcomes data to improve transi-
tion from childhood to adult care.17

This document presents broad questions and important issues
for consideration when LTFU is assessed to determine whether it
is meeting the goal of achieving the best possible outcomes for
affected children and families. Several LTFU data pilot projects are
ongoing, funded by the National Institutes of Health, the Centers
for Disease Control and Prevention (CDC), and Health Resources
and Services Administration.18,19 These LTFU projects aim to
address new knowledge discovery, public health surveillance, and
service assurance. The promise of NBS is that it saves lives and
improves health. Agencies examining that assertion can encourage
uniform data collection to address these overarching questions. By
adoption of data sets that address these considerations, our nation
can achieve the promise anticipated by initiation of NBS efforts.
These questions provide the means for initiating comprehensive,
uniform data collection to assess that promise.

ACKNOWLEDGMENTS
The authors extend their appreciation for the thoughtful com-

ments offered by the members of the SACHDNC Follow-Up and
Treatment Subcommittee, Round Table participants at the Associ-
ation of Public Health Laboratories’ 2010 Newborn Screening &
Genetic Testing Symposium, members of the National Coordinat-
ing Center/Regional Collaborative Long-term-Follow-Up Work-
group, and Newborn Screening and Translational Research Net-
work Clinical Centers Workgroup. The workshop was supported in
part by the Health Resources and Services Administration, Mater-
nal and Child Health Bureau.

REFERENCES
1. Kemper AR, Boyle CA, Aceves J, et al. Long-term follow-up after diagnosis

resulting from newborn screening: statement of the US Secretary of Health and
Human Services’ Advisory Committee on Heritable Disorders and Genetic
Diseases in Newborns and Children. [Editorial]. Genet Med 2008;10:259–261.

2. Strickland BB, Singh GK, Kogan MD, Mann MY, van Dyck PC, Newacheck
PW. Access to the medical home: new findings from the 2005–2006 Na-
tional Survey of Children with Special Health Care Needs. Pediatrics
2009;123:e996–e1004.

3. Korf BR, Feldman G, Wiesner GL. Report of Banbury Summit meeting on
training of physicians in medical genetics, October 20–22, 2004. Genet Med
2005;7:433–438.

Hinton et al. Genetics IN Medicine • Volume 13, Number 10, October 2011

864 © 2011 Lippincott Williams & Wilkins



4. Comprehensive Care Planning. Available at: http://www.medicalhomeinfo.org/
downloads/pdfs/ComprehensiveCarePlanning.pdf. Accessed June 4, 2010.

5. Prasad SA, Main E, Dodd ME. Finding consensus on the physiotherapy
management of asymptomatic infants with cystic fibrosis. Pediatr Pulmonol
2008;43:236–244.

6. Arnold GL, Koeberl DD, Matern D, et al. A Delphi-based consensus clinical
practice protocol for the diagnosis and management of 3-methylcrotonyl
CoA carboxylase deficiency. Mol Genet Metab 2008;93:363–370.

7. Arnold GL, Van Hove J, Freedenberg D, et al. A Delphi clinical practice
protocol for the management of very long chain acyl-CoA dehydrogenase
deficiency. Mol Genet Metab 2009;96:85–90.

8. Mayell SJ, Munck A, Craig JV, et al. A European consensus for the
evaluation and management of infants with an equivocal diagnosis following
newborn screening for cystic fibrosis. J Cyst Fibros 2009;8:71–78.

9. Howell R, Engelson G. Structures for clinical follow-up: newborn screening.
J Inherit Metab Dis 2007;30:600–605.

10. Holmboe ES, Arnold GK, Weng W, Lipner R. Current yardsticks may be
inadequate for measuring quality improvements from the medical home.
Health Aff 2010;29:859–866.

11. Gostin LO, Lazzarini Z, Neslund VS, Osterholm MT. The public health
information infrastructure: a national review of the law on health informa-
tion privacy. JAMA 1996;275:1921–1927.

12. Lee LM, Gostin LO. Ethical collection, storage, and use of public health

data: a proposal for a national privacy protection. JAMA 2009;302:82–84.
13. Garwick AW, Seppelt AM. Developing a family-centered participatory

action research project. J Fam Nurs 2010;16:269–281.
14. Horowitz CR, Robinson M, Seifer S. Community-based participatory re-

search from the margin to the mainstream: are researchers prepared? Cir-
culation 2009;119:2633–2642.

15. Tapp H, Dulin M. The science of primary health-care improvement: poten-
tial and use of community-based participatory research by practice-based
research networks for translation of research into practice. Exp Biol Med
2010;235:290–299.

16. Marshall BC, Campbell PW 3rd, editors. Clinical practice guidelines for the
care of infants identified through cystic fibrosis newborn screening. J Pediatr
2009;155:S71–S1116.

17. McLaughlin SE, Diener-West M, Indurkhya A, Rubin H, Heckmann R,
Boyle MP. Improving transition from pediatric to adult cystic fibrosis care:
lessons from a national survey of current practices. Pediatrics 2008;121:
e1160–e1166.

18. Alexander D, Hanson JW. NICHD research initiative in newborn screening.
Ment Retard Dev Disabil Res Rev 2006;12:301–304.

19. Puryear M, Weissman G, Watson M, Mann M, Strickland B, van Dyck PC.
The regional genetic and newborn screening service collaboratives: the first
two years. Ment Retard Dev Disabil Res Rev 2006;12:288–292.

Genetics IN Medicine • Volume 13, Number 10, October 2011 NBS long-term follow-up questions

Genetics IN Medicine • Volume 13, Number 10, October 2011 865

http://www.medicalhomeinfo.org/downloads/pdfs/ComprehensiveCarePlanning.pdf
http://www.medicalhomeinfo.org/downloads/pdfs/ComprehensiveCarePlanning.pdf

	What questions should newborn screening long-term follow-up be able to answer? A statement of the US Secretary for Health and Human Services' Advisory Committee on Heritable Disorders in Newborns and Children
	Main
	WORKSHOP
	SUMMARY OF THE QUESTIONS AND MOST IMPORTANT ISSUES FOR LTFU
	Care coordination for LTFU through the medical home
	Evidence-based clinical practice
	Continuous quality improvement
	New knowledge discovery

	FUTURE DIRECTIONS
	Acknowledgements
	Note
	References


