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Inborn errors of metabolism identified via newborn screening: Ten-year
incidence data and costs of nutritional interventions for research
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Inborn errors of metabolism (IEM) are genetic disorders inwhich specific enzyme defects interferewith the normal
metabolism of exogenous (dietary) or endogenous protein, carbohydrate, or fat. In the U.S., many IEM are detected
through state newborn screening (NBS) programs. To inform research on IEM and provide necessary resources for
researchers, we are providing: tabulation of ten-year state NBS data for selected IEM detected through NBS; costs of
medical foods used in the management of IEM; and an assessment of corporate policies regarding provision of
nutritional interventions at no or reduced cost to individuals with IEM. The calculated IEM incidences are based
on analyses of ten-year data (2001–2011) from the National Newborn Screening Information System (NNSIS).
Costs to feed an average person with an IEM were approximated by determining costs to feed an individual with
an IEM, minus the annual expenditure for food for an individual without an IEM. Both the incidence and costs of
nutritional intervention data will be useful in future research concerning the impact of IEM disorders on families,
individuals and society.

© 2014 Elsevier Inc. All rights reserved.
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1. Introduction

Inborn errors of metabolism (IEM) are genetic disorders in which
specific enzyme defects interfere with the normal metabolism of exoge-
nous (dietary) or endogenous protein, carbohydrate, or fat [1]. As a result
of reduced or absent enzyme activity, toxic compounds may build up in
the blood and brain, and other compoundsmay become deficient leading
to adverse health outcomes. This definition is the theoretical basis for the
use of nutritional interventions, which can bypass or overcome themeta-
bolic consequences for some IEM. Early diagnosis and treatment at or near
birth can often counter the adverse effects of some IEM, resulting in
normal or near normal health outcomes. In many cases, nutritional inter-
ventions are the primary therapies used to manage these disorders and
are required lifelong [1].

A National Institutes of Health (NIH) initiative, Nutrition and Dietary
Supplement Interventions for Inborn Errors of Metabolism (NDSI-IEM),
was launched in 2010 to identify gaps in knowledge concerning the safe-
ty, efficacy, and effectiveness of nutritional treatments, including dietary
supplements, for IEM that would benefit from evidence-based research
[1]. To inform research on IEM and provide necessary resources for
researchers, we are providing previously unpublished tabulations of
ten-year state incidence data for selected IEM detected through newborn
screening (NBS). Additionally, we are providing approximated costs of
medical foods used in the management of IEM and an assessment of
corporate policies regarding provision of nutritional interventions to indi-
vidualswith IEMat no or reduced cost. As the landscape of our health care
system changes over the next few years, these data will be needed for
assessing adequacy of states' reimbursement and coverage policies and
practices for nutritional interventions for individuals with IEM.

2. Background

2.1. National newborn screening data collection

From1989 to 2011, all U.S. NBS programs voluntarily contributed case
finding and other performance evaluation information to the Council of
Regional Networks for Genetic Services (CORN) and to the National
Newborn Screening and Genetics Resource Center (now the National
Newborn Screening and Global Resource Center—NNSGRC) through the
National Newborn Screening Information System (NNSIS). These data
were intended for both self- and inter-program evaluation. This dataset
currently represents the only comprehensive national NBS data available.

Originally, the U.S. national NBS data were collected annually from
each screening program using a multi-page questionnaire. The indicators
for which data were collected addressed system quality assurance. They
were developed through a consensus process that included a broad
cross-section of laboratory and non-laboratory personnel working with
(and in) public health NBS programs. The NBS program descriptors and
indicators for which data were submitted by each program included:

• Conditions screened for which data were collected and available;
• Laboratories providing screening services in/for the NBS program;
• NBS program fees, collection mechanisms, and program elements
covered by fees (including medical foods);

• Age of newborns at time of screening (i.e. number screened at 0–12 h,
13–24 h, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, over 7 days);

• Screening laboratory methodology for each screened condition;
• NBS programs' case definitions for:
o Out-of-range reporting (by condition)
o Level of follow-up action required (telephoneor letter and serumor

repeat filter card)
o Diagnosed clinical cases;

• Specimens received per year:

o Total of initial specimens and repeat specimens
o Percentage of specimens unacceptable for analysis
o Specimens reported with out-of-range results on initial and on

repeat screening;
• Number of diagnosed individuals for each condition including race/
ethnicity, sex, and time from birth until treatment was initiated; and,

• Number of individuals requiring follow-up who could not be located
(i.e., “lost to follow-up”).

The data elements collected and used for monitoring program qual-
ity assurance were reviewed and their validity reconfirmed onmultiple
occasions over the time period of their collection. Initially (1989–1999)
this data repositorywas a function of CORNand later (1999–2011) it be-
came a responsibility of the NNSGRC, both Health Resources and Ser-
vices Administration (HRSA) funded initiatives. Beginning in 2000,
these data were reported via the Internet (the NNSIS) and were avail-
able to the general public. The data tabulated and reported here were
collected, summarized and revalidated by each NBS program prior to
discontinuation of NNSGRC data collection activities in 2011. A more
comprehensive review of the history and functioning of the national
NBS data repository has been published previously [2].

2.2. Nutritional interventions for IEM

Nutritional interventions for IEM include medical foods and dietary
supplements alongwith dietary modifications to exclude nutrients that
cannot bemetabolized due to the specific IEM. At least twenty-two IEM
on the U.S. Secretary of Health and Human Services' Recommended
Uniform Screening Panel (RUSP), which currently is composed of 31
conditions, require medical foods and/or dietary supplements to pre-
vent death, intellectual disability or other adverse health outcomes [3].

A “medical food,” is defined in the Orphan Drug Act (Act) (21 U.S.C.
360ee (b) (3)) [4]. In section 5(b) of the Act,[4] a medical food is “a food
which is formulated to be consumed or administered enterally under
the supervision of a physician and which is intended for the specific di-
etary management of a disease or condition for which distinctive nutri-
tional requirements, based on recognized scientific principles, are
established by medical evaluation.” Additionally, under the Act, the
use of medical foods is tied to the term rare disease or condition2: a
medical food is for “… managing any disease or condition that occurs
so infrequently in the United States that there is no reasonable expecta-
tion that a medical food for such disease or condition will be developed
without assistance under subsection (a)3 of this section.”

Medical foods for IEM encompass two distinct product types. One
type contains sufficient nutrients to meet the majority of nutritional

2 Under the Orphan Disease Act, a rare disease or conditionmeans in the case of a drug,
“any disease or condition which (a) affects less than 200,000 persons in the United States,
or (b) affects more than 200,000 in the United States and for which there is no reasonable
expectation that the cost of developing and making available in the United States a drug
for such disease or condition will be recovered from sales in the United States of such
drug…”.

3 Subsection (a) defines the authority of the Secretary to defray costs of developing
medical foods for rare diseases: The Secretarymaymake grants to and enter into contracts
with public and private entities and individuals to assist in (1) defraying the costs of
qualified testing expenses incurred in connection with the development of drugs for rare
diseases and conditions, (2) defraying the costs of developing medical devices for rare
diseases or conditions, and (3) defraying the costs of developing medical foods for rare
diseases or conditions.
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