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Abstract
Medical foods and dietary supplements are used to treat rare inborn errors of metabolism (IEM)
identified through state-based universal newborn screening. These products are regulated under
Food and Drug Administration (FDA) food and dietary supplement statutes. The lack of harmony
in terminology used to refer to medical foods and dietary supplements and the misuse of words
that imply that FDA regulates these products as drugs have led to confusion. These products are
expensive and, although they are used for medical treatment of IEM, third-party payer coverage of
these products is inconsistent across the United States. Clinicians and families report termination
of coverage in late adolescence, failure to cover treatment during pregnancy, coverage for select
conditions only, or no coverage. We describe the indications for specific nutritional treatment
products for IEM and their regulation, availability, and categorization. We conclude with a
discussion of the problems that have contributed to the paradox of identifying individuals with
IEM through newborn screening but not guaranteeing that they receive optimal treatment.
Throughout the paper, we use the nutritional treatment of phenylketonuria as an example of IEM
treatment.
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1. Introduction1
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Inborn errors of metabolism (IEM) include inherited biochemical disorders in which a
specific enzyme defect interfers with the normal metabolism of protein, fat, or carbohydrate.
As a result of diminished or absent enzyme activity in these disorders, certain compounds
accumulate in the body to toxic levels and the levels of others that the body normally makes
may become deficient. If they are not treated, these metabolic disturbances can lead to a host
of medical and developmental consequences ranging from intellectual disability to severe
cognitive impairment and even death. Through early identification and initiation of
treatment, many of the adverse outcomes of IEM can be mitigated or prevented. For many
IEM, treatment strategies rely on the provision of specialized medical foods and dietary
supplements [1].
State-based universal newborn screening, one of the most successful preventive public
health programs in the United States [2], identifies infants affected by IEM. See Table 1 for
the Recommended Uniform Screening Panel that the Secretary of Health and Human
Services (HHS) recommends for newborn screening. Not all of the disorders identified
through newborn screening require treatment with medical foods, dietary supplements, or
both. This paper focuses on IEM for which nutritional treatments serve as a primary therapy.
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The Patient Protection and Affordable Care Act requires health care plans to provide
coverage without cost sharing for newborn screening services, but no national policy calls
for coverage of the costs of treatments. Some U.S. states pay for and provide medical foods
as a part of their newborn screening program. Some other states that do not provide medical
foods directly have enacted legislation that requires insurers to cover the costs of medical
foods [3]. However, policies regarding coverage vary from state to state and even in states
that require coverage, some exceptions and exclusions exist, such as the Employee
Retirement Income Security Act exemptions to legislative mandates.
In this paper, we describe the indications for specific nutritional treatment products for IEM
and discuss the regulation, availability, and categorization of these products. Throughout the
paper, we use the nutritional treatment of phenylketonuria (PKU) as an example of IEM
treatment.

2. Phenylketonuria
2.1 Characteristics and Incidence
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PKU is one of a class of hyperphenylalaninemia and is the most common IEM requiring
nutritional treatment. It was the first disorder to be included in state-based newborn
screening programs. PKU is an autosomal recessive disorder caused by insufficient or absent
phenylalanine hydroxylase, the enzyme that converts the amino acid phenylalanine (Phe) to
tyrosine (Tyr). Phe builds up in the blood and brain and Tyr becomes deficient. These
metabolic abnormalities lead to toxic levels of brain Phe; inadequate neurotransmitter
synthesis; intellectual disability; and abnormal motor, neurocognitive, and behavioral
outcomes.
The incidence of PKU in the United States is between 1 in 13,500 and 1 in 19,000 [4, 5].
Currently, an estimated 300 of the 4.2 million babies born annually in the United States are

1IEM: inborn error of metabolism; HHS: Health and Human Services; PKU: phenylketonuria; Phe: phenylalanine; Tyr: tyrosine; DRI:
Dietary Reference Intake; FDA: Food and Drug Administration; CMS: Centers for Medicare and Medicaid Services; HCPCS:
Healthcare Common Procedure Coding System
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diagnosed with PKU. Over 20 years, the total number of individuals living with PKU in the
United States would be about 6,000.
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2.2 Nutritional Treatment
Nutritional treatment for PKU was first used successfully in 1951, prior to the
implementation of state public-health newborn screening programs
(http://www.youtube.com/watch?v=OqZ7QHO5_hs). Since that time, nutritional treatment
for PKU has been refined and is the mainstay of treatment for PKU [6]. When initiated
within the first weeks of life and maintained throughout life, an appropriately designed
nutritional treatment regimen can enable individuals with PKU to achieve and maintain
normal intellectual development.
Phe is an essential amino acid, meaning that it cannot be made in the human body and must
be obtained from food sources. Phe’s essential nature has allowed for the development of
nutritional treatment for PKU that remains the standard of practice today. Dietary Phe from
intact protein sources can be restricted to the amount that allows for normal growth and
development while preventing excessive build-up of Phe in the blood. A dietitian with
special training develops an individualized diet plan for each person with PKU. The plan is
adjusted over time to accommodate changes in life stage and health status. The steps to
create the diet are as follows:
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•

Determine the amount of Phe that the individual tolerates per day based on
published guidelines [1, 7] and the dietary Phe intake that maintains blood Phe
levels in the desired treatment range.

•

Estimate total daily protein needs, which are usually 30 percent higher than ageand sex-specific recommendations for the general population [8] in order to
maintain adequate protein status for individuals with PKU [7].

•

Determine daily calorie requirements based on the individual’s age and sex and the
amount that ensures appropriate growth or weight maintenance [8].

•

Convert the amount of Phe tolerated into quantities of whole foods using Phe
“exchanges” or Phe-counting systems [1, 9] (only small amounts of protein are
derived from these food sources).

•

Correct the large difference between the amount of intact protein tolerated per day
and total daily protein needed by using medical foods that contain protein with
negligible amounts of Phe or no Phe.

•

Calculate the amount of medical food needed based on the product’s protein
content per gram, which varies by product.

•

Subtract the total calories contained in the intact protein sources plus the proteincontaining medical food from the total daily calorie requirement.

•

Provide the remaining calories needed using foods modified to be low in protein
and protein-free foods or food ingredients, such as vegetable oils and sugar.

•

Divide the whole foods that contain the tolerated amount of Phe, medical foods
with protein, foods modified to be low in protein, and protein-free foods into
regular meals and snacks and distribute throughout the day.

•

Assess the overall nutrient adequacy of the individual’s actual intake. Nutrient
analysis software is available that includes medical foods and foods modified to be
low in protein [10]
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See Table 2 for a sample daily menu for a 9-year old child with PKU. The menu includes a
medical food that provides Phe-free protein; foods modified to be low in protein; and the
modest allowable amount of intact protein from fruits, vegetables, and grain based products.
Although the amount of dietary Phe that individuals with PKU tolerate varies [11], clinical
observation suggests that most children, adolescents, and adults with PKU tolerate between
250 and 450 mg of dietary Phe per day (personal communication, Kathleen Huntington,
May 1, 2012), which is the amount of Phe in 5 to 9 grams of intact protein or 1.5 to 3 slices
of bread [12]. Clearly, no individual of any age would survive if he or she consumed only
this amount of protein. Medical foods and foods modified to be low in protein were
developed to provide adequate nutrition for body growth and maintenance. Without these
foods, the low protein and calorie intake associated with the need to restrict dietary Phe
would result in malnutrition severe enough to be incompatible with life. These special foods
also help people with PKU obtain sufficient calories to prevent breakdown of muscle tissue,
which would release Phe into the bloodstream.
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Balancing Phe tolerance with energy needs in people with PKU becomes significantly more
difficult with age. An adolescent male aged 15 to 19 years requires 3,000 calories per day,
yet his Phe tolerance might only be marginally higher than that of a 9-year-old child [1]. If
adults with PKU do not control their dietary Phe intake through nutritional treatment, they
lose neurocognitive function. Furthermore, insufficient dietary control very early in and
throughout pregnancy in women with PKU results in maternal PKU syndrome, which is
associated with microcephaly, intellectual disability, cardiac defects, and growth failure in
offspring.

3. Nutritional Treatment Products
Nutritional products for IEM treatment include two different forms of medical foods—one
containing protein without the offending amino acid(s) and the other consisting of foods that
have been modified to be low in protein. For example, medical foods for PKU provide the
protein required for normal growth and development with no or negligible amounts of Phe.
The majority, but not all, of these products also include other nutrients (such as fat,
carbohydrate, vitamins, and minerals) needed to support normal nutritional status. These
medical foods provide between 85 and 90 percent of the protein needs of an individual with
PKU and are therefore a critical component of PKU treatment. Foods modified to be low in
protein are an alternative to foods that must be excluded from or severely limited in a PKU
diet. Modified low-protein foods include breads, pasta, cereals, and baked products made
with low-protein flours. People with PKU and other IEM need these products to provide
energy and satiety.
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For many IEM, single amino acids and amino acid mixtures, vitamins, and other compounds
are used to replace conditionally essential nutrients or enhance enzyme activity. For
example, arginine must be supplemented in the diets of individuals with certain urea cycle
disorders because their bodies produce insufficient amounts.
3.1 Product Terms
The products used to treat IEM are referred to in the literature and by clinicians, patients and
families, and manufacturers using a variety of terms. The inconsistent use of terms has led to
confusion and misunderstanding regarding the clinical purposes of these products and this
misunderstanding, in turn, affects access to these treatments.
The products used to treat IEM can be broadly categorized by purpose as follows: 1) those
that provide the bulk of nutritional intake for individuals with an IEM, specialized for a
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specific disorder, and include protein and a range of other nutrients but not the offending
amino acid(s); 2) those that are modified to be low in protein; and 3) those that are single
amino acids, amino acid mixtures, vitamins, or other compounds used to replace
conditionally essential nutrients or to enhance enzyme activity. A more detailed description
of these products, their intended use, and companies that manufacture and/or distribute them
follows in Sections 3.1.1 and 3.1.2 and Table 3 below.
3.1.1 Medical Foods
1.

Products that provide protein and varying amounts of carbohydrate, fat, vitamins,
and minerals. Additional terms that may be used to describe these products include
medical formulas, medical protein options, medical protein, protein substitutes, and
deficient protein. These products are generally not available at retail outlets. See
Table 3 for a list of companies that manufacturer and/or distribute medical foods
with protein for infants, children, adolescents, and adults in the United States.
a.

For infants:
i.

Powdered formulas contain all the nutrients required for
growth and development, except the offending nutrient(s).
For example, products for PKU exclude Phe.

NIH-PA Author Manuscript

ii. Calculated amounts of breast milk or standard infant formula
must be added to provide the amount of Phe required for
growth and development.
b. For children over age 1 year, adolescents, and adults:
i.

Some products have a full complement of nutrients except
the offending nutrient(s). For example, products for PKU
exclude Phe or have negligible amounts. These products are
available in the following formats:
1.

Powdered form that must be reconstituted
with water or juice.

2.

Ready to consume (liquid products may be
concentrated low volume).

3.

Bars.
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ii. “Modular” products have separate components, such as
packets of amino acid mixtures, tablets, bars, and sports
drinks without the offending amino acids(s) and limited or
no vitamins and minerals; vitamin and mineral preparations;
and liquid and powdered medium-chain triglycerides.
iii. Sources of intact protein to provide the required amount of
Phe needed for growth and development must be added to
the diet using calculated amounts of fruits, some vegetables
and grains, and foods modified to be low in protein.
2.

Foods modified to be low in protein.
a.

These foods are designed for infants (as age appropriate), children,
adolescents, and adults with IEM, such as PKU, maple syrup urine
disease, organic acidurias, and urea cycle disorders.
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b. These products are manufactured to be low in protein as an acceptable
alternative to a standard food that must be excluded from the patient’s diet
or that the patient could otherwise consume only in minimal amounts.
c.

Examples include flour; cereals; baked goods, such as bread, cookies,
crackers, and pizza dough; “peanut butter” spread; meat and cheese
substitutes; pasta; and rice.

d. See Table 3 for a list of companies that manufacture and/or distribute
foods modified to be low in protein in the United States.
3.1.2 Single Amino Acids and Amino Acid Mixtures, Vitamins, and Other
Compounds Used to Replace Conditionally Essential Nutrients or Enhance
Enzyme Activity
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1.

For PKU, Tyr is conditionally essential and must be supplemented through a
medical food or a single amino acid. Patients with other IEM need similar
supplementation of amino acids that become conditionally essential when they are
not produced by the abnormal enzyme system (e.g., arginine or citrulline in urea
cycle disorders).

2.

For other IEM (e.g., glutaric aciduria, maple syrup urine disease, and
homocystinuria), vitamins (e.g., riboflavin, thiamin, biotin, cobalamin, pyridoxine,
and folic acid) that serve as cofactors in enzyme systems must be provided in doses
exceeding the Dietary Reference Intake (DRI). Which vitamins patients need in
high doses depends on the disease and whether the patient has residual enzyme
activity. The use of these products requires medical management and monitoring.

3.

Some IEM require supplementation with carnitine (e.g., for organic acidurias) or
betaine (e.g., for homocystinuria).

3.2 Product Regulation
3.2.1 Medical Foods for Infants—In the United States, the Food and Drug
Administration (FDA) regulates infant formulas developed for IEM and categorizes these
formulas as “exempt.” These formulas must meet the same regulatory requirements as
standard infant formulas, except that FDA does not require them to include the offending
nutrient(s); for example, products designed for PKU do not include Phe [13].
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The term “exempt” may be misleading because it implies that these formulas are exempt
from all regulations, which is not the case. Manufacturers must provide a detailed
description of the medical condition that the formulas are designed to treat, the rationale for
the deviation from a standard infant formula, and a specific disease claim for the product’s
use (e.g., for use in PKU) [13]. New exempt infant formulas require a 90-day premarket
notification to FDA by the manufacturer. The exempt infant formulas used to manage IEM
are generally represented and labeled solely to provide dietary management for a disease or
condition that is clinically serious or life-threatening and patients must use these formulas
for prolonged periods [14]. Although infant formulas for IEM are also considered to be
medical foods (discussed in Section 3.2.2 below), they are regulated as infant formulas.
3.2.2 Medical Foods for Children and Adults—Medical foods for children over age 1
year and for adults are designed to treat a specific condition, so they are exempt from the
nutrition labeling, health claims, and nutrient content claims requirements of the Nutrition
Labeling and Education Act of 1990 [15]. They must, however, meet the requirements of
good manufacturing practices.
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Products manufactured for the nutritional treatment of IEM are considered medical foods as
defined by the Orphan Drug Amendments of 1988 [16]:
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… a food which is formulated to be consumed or administered enterally under the
supervision of a physician and which is intended for the specific dietary
management of a disease or condition for which distinctive nutritional
requirements, based on recognized scientific principles, are established by medical
evaluation.
Further information on the definition of a medical food is available in FDA’s Compliance
Program Guidance Manual, which includes the following expanded definition [17]:
Generally, to be considered a medical food, a product must, at a minimum, meet
the following criteria:
a.

The product is a food for oral or tube feeding;

b. The product is labeled for the dietary management of a medical disorder, disease,
or condition; and
c.

The product is labeled to be used under medical supervision, and is primarily
obtained through hospitals, clinics, and other medical and long term care facilities.
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Medical foods are distinguished from the broader category of foods for
special dietary use and from foods that make health claims by the
requirement that medical foods are to be used under medical supervision.
The term “medical foods” does not pertain to all foods fed to sick
patients. Medical foods are foods that are specially formulated and
processed (as opposed to a naturally occurring foodstuff used in its
natural state) for the patient who is seriously ill or who requires the
product as a major treatment modality. Typical medical foods are enteral
nutrition products, i.e., products provided through the gastrointestinal
tract, taken by mouth, or provided through a tube or catheter that delivers
nutrients beyond the oral cavity or directly to the stomach. [Boldface
added for emphasis by the authors.]
Foods modified to be low in protein are manufactured specifically for protein-restricted diets
that require medical supervision, such as the diets that people with PKU must follow. These
foods are generally labeled as such.
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Medical foods (with the exception of infant formulas, as discussed in Section 3.2.1 above),
including foods modified to be low in protein, do not require premarket review and are not
registered with FDA [18]. However, like all food manufacturers, manufacturers that make
medical foods must be registered with and are inspected by FDA [19].
3.2.3 Dietary Supplements—Single amino acids and amino acid mixtures, vitamins, and
other compounds are often used to replace conditionally essential nutrients or enhance
enzyme activity in patients with IEM. FDA classifies single amino acids, amino acid
mixtures, vitamins, and several other compounds used to treat IEM as dietary supplements.
These products must meet the requirements of the Dietary Supplement Health and Education
Act [20]. Generally, manufacturers do not need to register these products with FDA or
obtain FDA approval before producing or selling them. However, manufacturers are
responsible for ensuring that the dietary supplements they manufacture are safe before
marketing these products. FDA may take action against any unsafe dietary supplement
product after that product reaches the market.
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L-carnitine, a product used in specific IEM to replace this conditionally essential nutrient
and/ or assist in the excretion of toxic metabolites, can be obtained as both a prescription
drug (Carnitor® by Sigma Tau) and a dietary supplement.
With the exception of Carnitor®, FDA does not regulate dietary supplements used to replace
conditionally essential nutrients or enhance enzyme activity in patients with IEM as drugs.
These products are, however, often given to patients in doses that far exceed DRI levels and
their use in IEM closely approximates the action of drugs. The term “pharmacological dose”
is often used to describe the large doses of dietary supplements used in IEM. However,
strictly speaking, the term “pharmacologic” is misapplied to these products because they are
not defined or regulated as drugs in the United States.
3.3 Availability and Distribution
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In general, and, with the exception of federal health insurance programs, such as
TRICARE® (the health care program for uniformed service members, retirees, and their
families), what is covered by insurers is determined by state regulations and policies. No
national or uniform policy addresses coverage for medical foods for individuals with IEM.
Individuals with IEM, including PKU, obtain medical foods through a number of
mechanisms, including distribution programs associated with metabolic clinic and state
newborn screening programs, pharmacies, home health care companies that provide durable
medical equipment supplies, and manufacturer ordering programs. The source used to obtain
medical food products depends on where the patient lives and whether third-party payers
cover the products’ costs.
Dispensing entities and manufacturers typically require authorization from a medical
professional before dispensing a medical food to a patient to prevent inappropriate use of
these products. The authorization for the product from a medical professional specifies the
amount of medical food that the patient needs based on his or her age and nutritional
requirements. This authorization is often written as a “prescription.” However, these
products are not regulated as drugs and the use of the term “prescription” has been a source
of confusion with respect to reimbursement. Clinicians recommend foods modified to be
low in protein but patients typically purchase these products through mail order without
needing to obtain medical authorization first.
3.4 Public and Private Insurance Coverage of Medical Foods
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As per FDA regulation, medical foods are formulated to be consumed or administered
enterally and are consumed orally or through a tube. Most individuals with IEM consume
their medical food treatments by mouth. However, the Centers for Medicare and Medicaid
Services (CMS) Healthcare Common Procedure Coding System (HCPCS) coding for
provision of enteral formulas designates administration by feeding tube. In addition, the
amount of medical food needed by many individuals with IEM is typically calculated based
on grams of protein, yet CMS coding is based on calories. These discrepancies further
exacerbate the reimbursement problem. See
https://www.cms.gov/Regulations-and-Guidance/Guidance/Manuals/downloads//
ncd103c1_Part3.pdf for coverage regulations. Of note is that CMS does not include the term
“medical food” in its HCPCS coding language.
Some states provide coverage of medical foods for people with IEM through their state
public health newborn screening programs. Thirty-eight states have enacted legislation that
requires insurers to provide coverage for medical foods for at least PKU; over a third of
these states require coverage for all IEM [21]. States generally do not provide coverage
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beyond the age of 18 [5]. Three-quarters of states that have passed mandates require
coverage for foods modified to be low in protein [21].
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Insurance coverage is subject to the limitations of each policy, including co-payments, costsharing requirements, and deductibles. In addition, federal programs such as TRICARE®
and policies that are certified by the Employee Retirement Income Security Act (or are selfinsured) do not need to comply with state mandates. Medicaid covers the costs of medical
foods in all but one state. Foods modified to be low in protein are less widely covered by
third-party payers.
3.5 Estimated Costs for Medical Foods
The estimated annual wholesale costs of medical foods supplying protein (excluding
additional costs for foods that are modified to be low in protein, amino acids, vitamins, and
other compounds) for amino acid disorders identified by state-based, universal newborn
screening are shown in Table 4. For PKU, the average wholesale cost to supply DRI levels
of protein [21] during the first year of life is estimated to be $1,248. As protein requirements
increase into adulthood, the wholesale cost of medical foods supplying protein increases to
an estimated $8,522 for late adolescent and adult males and during pregnancy.
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Patients and insurance companies typically pay more than the wholesale cost for medical
foods. Third-party durable medical equipment vendors and pharmacies increase the billed
costs to insurance companies by as much as 200 to 300 percent of the wholesale cost. In
some cases, families pay more than the wholesale price (through coinsurance) for products
that insurance companies obtain through third-party vendors.
Foods modified to be low in protein cost two to eight times as much as their regular
counterparts. These foods are rarely available in retail stores, and their shipping and
handling costs can be as high as $50.00. See Table 5 for examples of the costs of regular
food options compared to the costs of similar foods modified to be low in protein.

4. Discussion
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Virtually every newborn in the country is screened early to identify IEM and other disorders
through universal state-based newborn screening programs. These programs began over half
a century ago and have expanded over the years to identify more than 30 disorders. Most
IEM that require medical foods are detected through these efforts. Nutrition treatment is the
standard of medical care for many disorders identified through newborn screening, yet
affected individuals do not necessarily have access to appropriate treatment. Systemic
problems that have contributed to this paradox include the lack of robust, evidence-based
research documenting the effectiveness of treatments and inconsistent access to these
treatments.
Individual IEM are rare and each has a unique etiology, pathophysiology, and response to
therapeutic interventions. IEM are generally identified in infancy and have a very narrow
window of treatment opportunity. Randomizing patients with IEM into treatment or control
arms in clinical trials is generally not possible because assigning infants or children with
IEM to a placebo group would be unethical. Although efforts are underway to evaluate the
evidence and design nutritional guidelines for IEM treatment, little information in this area
of patient management has come from rigorous, controlled research studies. In this era of
health care reform, a greater investment in evidence-based research for the treatments used
in IEM has become critical.
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Nutritional treatments are regulated under FDA food and dietary supplement regulations, not
regulations that govern “drugs.” Unlike regulated drugs, these treatments do not require a
“prescription.” They are viewed as “food” and “supplements,” which exacerbates the
difficulty of obtaining third-party payer reimbursement for these products. In addition, the
use of inconsistent terminology when referring to medical foods and dietary supplements
and the misuse of words that imply that these products are regulated as drugs lead to
confusion. The appropriate and effective use of medical foods and select dietary
supplements for IEM is constrained by discrepancies in terminology and misunderstanding
regarding the regulation of these products.
Although 38 states require coverage of medical foods by third-party payers, many
inconsistencies and loopholes remain in medical food coverage. Currently, a patchwork of
coverage exists, ranging from selective coverage of medical foods for specific disorders,
termination of benefits in late adolescence, failure to cover treatment during pregnancy, and
restrictions on the types of medical foods covered, to caps on the dollar amount covered.
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In April 2009, the HHS Secretary’s Advisory Committee on Heritable Disorders in
Newborns and Children recommended insurance coverage for IEM, tying their
recommendation for coverage to the Secretary’s recommended uniform screening panel
(which is covered by the Patient Protection and Affordable Care Act) [22]. The committee
characterized individuals identified through newborn screening who require specific
treatments to be at high risk and recommended that HHS regulations ensure that these
individuals have access to comprehensive treatment coverage.
Access to treatment for IEM is an essential component of the of the public health newborn
screening system, the goal of which is to prevent adverse outcomes in individuals who are
affected by these disorders. Improving patient access to nutritional treatments for IEM
should start by harmonizing definitions and interpretations of statutes used to describe and
regulate nutritional treatments for IEM. Educating state policymakers about nutritional
treatments for IEM could lead to improved health insurance coverage of IEM treatments.
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•

We define medical foods and dietary supplements and their regulation.

•

Nutrition treatment is standard of medical care for inborn errors of metabolism.

•

Medical foods and dietary supplements are not regulated as drugs.

•

Insurance coverage for nutrition treatment varies based on state insurance
mandates.

•

We suggest ways to improve patient access to nutrition treatments.
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Medium-chain acyl- CoA dehydrogenase
deficiency
Very long-chain acyl- CoA dehydrogenase
deficiency
Long-chain L-3- hydroxyacyl-CoA dehydrogenase
Trifunctional protein deficiency
Carnitine uptake defect

Isovaleric acidemia
Glutaric acidemia type I
3-Hydroxy 3 –methyl glutaric aciduria
Multiple carboxylase deficiency
Methylmalonic acidemia
3-Methylcrotonyl-CoA carboxylase deficiency
Propionic acidemia
β-Ketothiolase

Phenylketonuria
Maple syrup (urine) disease
Homocystinuria
Citrullinemia
Argininosuccinic aciduria
Tyrosinemia type I

Amino Acids

Others
Congenital hypothyroid
Biotinidase
Congenital adrenal hyperplasia
Classical galactosemia
Hearing loss
Cystic fibrosis
Severe combined immunodeficiency

Hematology
Sickle cell anemia
Hb S/β thalassemia
Hb S/C disease

Diseases in bold are treated with medical foods and/or single amino acids and amino acid mixtures, vitamins, and other compounds. Terminology consistent with [23].

Fatty Acid Oxidation

Organic Acidurias

Acylcarnitines

Tandem Mass Spectrometry

Core conditions screened in the newborn period categorized by screening methodology and family of disorder.
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Table 2

Sample daily menu for a 9-year-old child with PKU.
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Meal

Food Item

Protein g

Phe mg

Calories

Breakfast

1 low-protein bagel (53 g)

0.4

21

110

2 tablespoons low-protein peanut butter spread (36 g)

0.1

8

230

8 fluid ounces medical food with Phe-free protein

14

0

190

5 raw, baby, medium-size carrots (50 g)

0.3

15

20

Low-protein chicken soup broth with low-protein pasta

0.3

4

61

5 low-protein saltine crackers (31 g)

1.5

3

138

1 medium-size apple (138 g)

0.3

15

81

Lunch

Snack

Dinner

NIH-PA Author Manuscript

8 fluid ounces medical food containing Phe-free protein

14

0

190

1 fresh pear (166 g)

0.3

17

98

12 Pepperidge Farm Goldfish (6 g)

1.0

45

27

1 low-protein veggie burger (71 g)

1.3

50

80

1 low-protein bun (80 g)

0.3

6

130

3 tablespoons catsup (45 g)

0.3

15

48

8 fluid ounces medical food with Phe-free protein

14

0

190

9 French fries (60 g)

1.0

45

132

3 tablespoons corn, cooked, cut kernels (30 g)

1.0

45

24

1 low-protein chocolate chip cookie (28 g)

0.2

3

120

50

292

1,870

Totals
Phe = phenylalanine

This sample meal plan provides about 300 mg dietary Phe, 50 g total protein, and 1,900 calories. The intact protein sources (regular foods) supply
4.2 g protein as well as two-thirds of the dietary Phe and 23 percent of the calories in the menu. The medical food containing Phe-free protein
provides 42 g protein and 570 calories. The foods modified to be low in protein provide another 4 g protein and the remaining dietary Phe. The
medical foods contribute 92 percent of the protein and 77 percent of the calories that this child needs.
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Table 3

Medical food manufacturers and distributors.
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Medical Foods with
Protein

For Infants

For
Children,
Adolescents,
and Adults

x

x

Medical
Foods
Modified
to be
Low in
Protein

NIH-PA Author Manuscript
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Company

Website

Abbott
Nutrition
3300 Stelzer
Road
Columbus,
OH 43219

http://abbottnutrition.com/Infant-And-New-Mother/Infant-Metabolic-Disorder-Products.aspx

Applied
Nutrition
10 Saddle
Road
Cedar
Knolls, NJ
07927

http://www.medicalfood.com/

x

x

Cambrooke
Foods, Inc.
4 Copeland
Drive
Ayer, MA
01432

http://www.cambrookefoods.com/

x

x

Dietary
Specialties
8 South
Commons
Road
Waterbury,
CT 06704

www.dietspec.com

x

Ener-G
Foods, Inc.
5960 First
Ave S.
Seattle, WA
98108

www.ener-g.com

x

Mead
Johnson
Nutrition
2400 West
Lloyd
Expressway
Evansville,
IN 47721

http://www.meadjohnson.com/Brands/Pages/Products-by-Need.aspx

x

x

Nutricia,
North
America
PO Box 117
Gaithersburg,
MD 20884

http://www.nutricia-na.com/pages/metabolics_glance.htm

x

x

x

PKU
Perspectives
472 South
640 West
Pleasant
Grove, UT
84062

www.pkuperspectives.com

x

x

Solace
Nutrition

www.solacenutrition.com

x
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Medical Foods with
Protein
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Company

Website

For Infants

For
Children,
Adolescents,
and Adults

Medical
Foods
Modified
to be
Low in
Protein

10 Alice
Court
Pawcatuck,
CT 06379
Taste
Connection
612 Meyer
Lane #13
Rehondo
Beach, CA
90278

www.tasteconnections.com

Vitaflo
211 North
Union Street
Alexandria,
VA 22314

http://www.vitaflousa.com/products/
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x

x

x
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19
34
52
46
60

4–8

9–13

Males 14–18

Females 14 to older than 70

Males 19 to older than 70 and pregnant females

8,522

6,534

7,386

4,829

2,643

1,806

1,248

PKU

11,004

8,436

9,537

6,252

3,494

2,745

1,900

PA

11,004

8,436

9,537

6,252

3,494

2,745

1,900

MMA

10,264

8,513

8,895

5,816

3,689

2,524

1,747

HCY

10,915

8,368

9,459

6,185

3,728

2,551

1,766

MSD

11,449

8,777

9,922

6,488

3,054

2,845

1,970

GA 1

12,549

9,621

10,876

7,111

3,730

2,836

1,963

Tyr-1

12,459

9,552

10,798

7,060

3,817

2,991

2,074

IVA

11,021

8,530

9,551

6,249

3,456

2,520

1,817

Average

The average cost for the medical foods with protein is based on the individual wholesale cost of a selection of products manufactured to treat each disorder. The cost associated with the amount of product
providing a specific amount of protein was determined for each product and then averaged across all products.

a

DRI = Dietary Reference Intake; PKU = phenylketonuria; PA = propionic academia; MMA = methylmalonic academia; HCY = homocystinuria; MSD = maple syrup disease; GA1 = glutaric aciduria, type
1; Tyr-1 = tyrosinemia, type 1; IVA = isovaleric academia

13

10

Less than 1

1–3

DRI protein requirements in grams (g)

Age in years

Estimated Average Costs ($) for Age-Based Protein Requirements per Year for Select Disorders Screened in the Newborn Perioda

Average annual wholesale costs for medical foods with protein in 2010 for select newborn screened disorders supplying Dietary Reference Intake agebased protein requirements [8].
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Table 5

Costs of selected foods modified to be low in protein and their regular counterparts.
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Regular Food Optiona

Cost per 100 g Product in
Dollarsb

Low-Protein Version

Cost per 100 g Product in
Dollarsb,c

Spaghetti

0.37

Aproten low protein pasta

2.20

Flour

0.17

Wel-Plan baking mix

1.29

Bisquick®

0.31

Taste Connections low protein baking mix

0.58

Crackers

0.64

Loprofin crackers

1.94

Tortillas

0.40

Low-pro tortillas

2.04

Peanut butter

0.70

Low-pro peanut spread

1.94

a

Contains 10 to 40 times more protein than low-protein versions.

b

Shipping charges range from none (with purchases over $30) to $50.00, depending on the company.

c

Low-protein versions cost 2 to 8 times more than regular food options.
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