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DISCLOSURES
Clinical Trial Research
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OBJECTIVES

Participants will be able to list three inborn errors of metabolism.

Participants will be able to explain the difference between a 
complete and incomplete protein source in relation to metabolic 
nutrition.

Participants will be able to recognize a metabolic diet in clinical 
practice.



https://extension.umd.edu/programs/family-consumer-sciences/nutrition-health-and-wellness/



OUTLINE

oPhenylketonuria

oUrea Cycle Disorders

oFatty Acid Oxidation Disorders

oGlycogen Storage Diseases

oGalactosemia



PHENYLKETONURIA (PKU)



NUTRITIONAL THERAPY FOR PKU

 Definition: inherited disorder that increases the amount of 
phenylalanine (PHE) in the blood

Detected on NBS
 Classification
 Severe (Classic):  >19.8 mg/dL

 Non-PKU: <2 mg/dL

Goals:
 Treatment range: 2-6 mg/dL
 Growth & Development 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj2iJ_1jsTZAhVK0oMKHRXiAdUQjRx6BAgAEAY&url=https%3A%2F%2Fglobalgenes.org%2Fraredaily%2Frhode-island-adds-immune-deficiency-newborn-screening-test%2F&psig=AOvVaw0VHyqKoCIZVW6fm7MnwAYA&ust=1519752907758162


NUTRITIONAL MANAGEMENT OF PKU
Diet:
Washout Period upon diagnosis
 Complete (“intact”) protein 
 <25% of protein requirements from food

 Incomplete protein – PHE-free
 Medical food - formula

 Calorie intake

Tracking Phe levels
 Infants: weekly
 Children: weekly to monthly
 Adults: monthly 
 Pregnancy: weekly



NUTRITIONAL MANAGEMENT OF PKU

 Adjusting PHE prescription
• Frequent monitoring is needed
• +/- 10% 
• +/- up to 25% if levels are <1 or >9.9 mg/dL

Alternative Therapies
• Sapropterin 
• Pegvaliase
• Clinical Trials

• Oral Medications
• Gene therapy



PKU 
Formulas

https://www.amazon.com/BRISTOL-MYERS-NUTRITIONAL-INST-300875100035/dp/B006AR5BQ0
https://shop.medicalfood.com/product/374/phenylade-essential-drink-mix

http://www.cambrooke.com/products/glytactin/rtd/15-chocolate/

https://www.businesswire.com/news/home/20160920005138/en/Cambrooke-Therapeutics-launches-
all-new%C2%A0Glytactin%E2%84%A2-Complete-Bar-medical

https://shop.medicalfood.com/product/321/phenylade-gmp-
drink-mix

https://www.nestlehealthscience.co.uk/vitaflo/conditions/prote
in%20metabolism/phenylketonuria/pku-gel

https://www.pkugolike.com/product-information https://galenmedicalnutrition.com/products/pku-easy-microtabs/

https://www.nutriciametabolics.com/shop/pku-lophlex-lq

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwja5ZyQl8TZAhXq4IMKHS8fAA4QjRx6BAgAEAY&url=https%3A%2F%2Fwww.amazon.com%2FBRISTOL-MYERS-NUTRITIONAL-INST-300875100035%2Fdp%2FB006AR5BQ0&psig=AOvVaw24S8Uzk7z722G_ffrfAp-q&ust=1519755090511402
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj5mJPemMTZAhXC6oMKHekdACkQjRx6BAgAEAY&url=http%3A%2F%2Fwww.cambrooke.com%2Fproducts%2Fglytactin%2Frtd%2F15-chocolate%2F&psig=AOvVaw019m_Wpw5oimVKldDLkbDd&ust=1519755531531313
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjciubhmcTZAhXJ5oMKHXWBA4wQjRx6BAgAEAY&url=https%3A%2F%2Fwww.businesswire.com%2Fnews%2Fhome%2F20160920005138%2Fen%2FCambrooke-Therapeutics-launches-all-new%25C2%25A0Glytactin%25E2%2584%25A2-Complete-Bar-medical&psig=AOvVaw2am4UE5axEXK_u_0TM9QLE&ust=1519755807290515
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwibjoSCmsTZAhXG5IMKHTfhCWoQjRx6BAgAEAY&url=https%3A%2F%2Favacaremedical.com%2Fphenylade-gmp-drink-mix&psig=AOvVaw0KMzzK343gXUDkR2mKZNTq&ust=1519755884481326
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwibjoSCmsTZAhXG5IMKHTfhCWoQjRx6BAgAEAY&url=https%3A%2F%2Favacaremedical.com%2Fphenylade-gmp-drink-mix&psig=AOvVaw0KMzzK343gXUDkR2mKZNTq&ust=1519755884481326
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwibjoSCmsTZAhXG5IMKHTfhCWoQjRx6BAgAEAY&url=https%3A%2F%2Favacaremedical.com%2Fphenylade-gmp-drink-mix&psig=AOvVaw0KMzzK343gXUDkR2mKZNTq&ust=1519755884481326
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjUoPWYmsTZAhUE3IMKHXOvAEoQjRx6BAgAEAY&url=https%3A%2F%2Fshop.medicalfood.com%2Fproduct%2F321%2Fphenylade-gmp-drink-mix&psig=AOvVaw0KMzzK343gXUDkR2mKZNTq&ust=1519755884481326
https://www.nestlehealthscience.co.uk/vitaflo/conditions/protein%20metabolism/phenylketonuria/pku-gel






PKU: 
EXAMPLE DIET

10 year old
30 kg (66#)
RDA Protein: 36-45 g PRO (120-150% of 1g/kg/d)
RDA Calories: 2100 kcal/d (70 kcal/kg/d)

Diet Rx: 
PRO (g) ENERGY (kcal)

Formula:

Glytactin RTD 15 
(3 cartons/d)

45 g PE 600

Food Allowance: 5 g 1500

Total: 50 g 2100

Weight: 30 kg 1.7/kg/d 70/kg/d



UREA CYCLE DISORDERS 
(UCD)



UREA CYCLE DISORDERS

Definition: genetic disorder caused by a mutation that 
results in a deficiency of one of the six enzymes in the 
urea cycle

Enzymes:
NAGS – N-Acetyl Glutamate Synthetase
CPS I – Carbamoyl Phosphate Synthetase
OTC – Ornithine Transcarbamoylase
ASS – Arginosuccinic Acid Synthetase (Citrullinemia)
ASL – Argininosuccinate Lyase (Argininosuccinic Aciduria)
ARG - Arginase



https://www.news-medical.net/health/The-Urea-Cycle-Step-by-Step.aspx



NUTRITION THERAPY FOR UCDS

Limit Protein Prevent 
Catabolism

Supplement 
Amino Acids

Use 
Medications



NUTRITION THERAPY FOR UCDS
Limit Protein 

Essential amino acids (EAA)
 From formula
~ 50% of total protein
 Difficult to get EAA from food alone
 Promotes normal growth

Prevent Catabolism

Amino Acid Supplementation
 L-citrulline used in CPS and OTC
 L-arginine used in ASA and ASL 

Age (years) Total Protein 
(g/kg/d) for UCD

0-1 1.2-2.2

1-7 1.0-1.2

7-19 0.7-1.4

>19 0.5-1.0

R.H. Singh Nutritional Management of UCDs



UCD Formulas 

https://abbottnutrition.com/cyclinex-1 https://www.nestlehealthscience.us/vitaflo-usa/inborn-errors-of-metabolism/protein-
metabolism/urea-cycle-disorders/ucd-trio

https://www.healthproductsexpress.com/89202600-89202600-Infant-
Toddler-Formula-WND-2-1-lb-Can-Powder.html

https://shop.medicalfood.com/product/120/essential-amino-acid-mix

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjgxOqxgcfZAhVC5YMKHfCiDZwQjRx6BAgAEAY&url=https%3A%2F%2Fwww.nestlehealthscience.us%2Fvitaflo-usa%2Finborn-errors-of-metabolism%2Fprotein-metabolism%2Furea-cycle-disorders%2Fucd-trio&psig=AOvVaw0GXm6iUeWf_pjyT59324l-&ust=1519852357560607
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiL0qWlgsfZAhVE04MKHU8SBEoQjRx6BAgAEAY&url=https%3A%2F%2Fwww.healthproductsexpress.com%2F89202600-89202600-Infant-Toddler-Formula-WND-2-1-lb-Can-Powder.html&psig=AOvVaw38w1h3QB4IThEUwGxASQVs&ust=1519852600177331
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi01PjSgsfZAhUH_IMKHRLTD5oQjRx6BAgAEAY&url=https%3A%2F%2Fshop.medicalfood.com%2Fproduct%2F120%2Fessential-amino-acid-mix&psig=AOvVaw14gYVC3AanDsylIIYpS4_t&ust=1519852693680987


ACUTE NUTRITIONAL MANAGEMENT OF UCDS

Sick day diet plan
Diet plan is given to each family
No protein diet
Half protein diet
Usual Diet

Hyperammonemia
 Reverse catabolism
Medications 



UCD:
EXAMPLE DIET

2 month old with Citrullinemia
4.56 kg (10#)
RDA Protein (if unaffected): 2.2 g/kg/d
RDA Calories (if unaffected): 108 kcal/kg/d

SICK DAY DIET PLAN: 



Medical Low Protein Food
https://zoiahealthcare.org/store/marketplace/



FATTY ACID OXIDATION DISORDERS 
(FAOD)



FATTY ACID OXIDATION DISORDERS
Definition: metabolic conditions where the body has the inability 
to produce or utilize enzymes that oxidize fatty acids

# of Carbons Category Where oxidation 
occurs

Associated Disorders

2-4 Short chain Mitochondria Short chain acyl Co-A 
deficiency (SCADD)

6-12 Medium chain Mitochondria Medium chain acyl Co-A 
deficiency (MCADD)

14-20 (Very) Long 
chain

Mitochondria Very long chain acyl Co-A 
deficiency (VLCADD)
Long chain hydroxy-acyl 
ca-A deficiency (LCHADD)

carnitine

carnitine

carnitine



NUTRITION THERAPY FOR FAODS

 Avoid long chain fats as an energy source
Avoid prolonged fasting
Modify diet composition
 Provide alternative energy sources
 Supplement with Medium Chain Triglycerides (MCT)



Bernstein L et al. Visual Teaching Aids, Vitaflo USA

Avoid Prolonged Fasting



MODIFYING DIET COMPOSITION FOR 
LCHADD AND VLCADD
Restrict long chain fat (LCT)

Supplement with MCT

Total fat: 30% of diet
 LCT: 10%
 MCT: 20%

https://www.nutriciametabolics.com/shop/liquigen

https://www.nestlehealthscience.com/vitaflo/conditions/mctprocal-hcp

https://www.dojolvi.com/dosing/

https://www.pureformulas.com/product/mct-oil-100-pure-by-pureformulas/1000038103?srsl
tid=AfmBOopereJH9sDL-iNY50T7q6e3CltHVte7JaUK4SkUy76ocggH18t2

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjEicSv1MnZAhVB74MKHTl7BeIQjRx6BAgAEAY&url=https%3A%2F%2Fwww.ebay.com%2Fp%2FNutricia-Liquigen-MCT-Oil-box-of-4-8-5oz-Bottles%2F1170189586&psig=AOvVaw189C27bbt7mN0K9yY31RoJ&ust=1519943349480094
https://www.pureformulas.com/product/mct-oil-100-pure-by-pureformulas/1000038103?srsl


GLYCOGEN STORAGE DISEASES 
(GSD)



GSD

Definition: a metabolic disorder caused by enzyme 
deficiencies which impair the synthesis or degradation of 
glycogen

Symptoms:
 Liver affected genetic defect: 
 Hypoglycemia

 Muscle affected genetic defect:
 Weakness

 Difficulty with exercise



NUTRITIONAL THERAPY FOR GSD TYPE I

oFrequent feedings to avoid fasting
 Infants: every 2 hours
 Children/Adults: every 4 hours

oLimit/exclude sucrose, fructose, and galactose

oCornstarch Therapy
 Mixed in sucrose-/lactose- free drink
 1g CS: 2-3 mL fluid

 By mouth or via G-tube
 Glycosade
 Individualized dosing

https://www.hy-vee.com/grocery/PD6244209/Argo-100-Pure-Corn-Starch

https://www.vitaflousa.com/products/glycosade

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi9-KLWx8LZAhUl8IMKHcj9BbwQjRx6BAgAEAY&url=https%3A%2F%2Fwww.amazon.com%2FArgo-Corn-Starch-16-Ounce-Boxes%2Fdp%2FB004134IHS&psig=AOvVaw1sfVqGYnD34ckCDTPLify-&ust=1519699414716795


GSD 1A: 
EXAMPLE DIET

6 year old
22 kg (48.4#)

Diet Rx (prior to starting Glycosade):
16g UCCS Q4H (6am, 10am, 2pm, 6pm, 10pm, 2am)

Current Diet Rx (with Glycosade): 
20 g Glycosade Q8H (6am, 2pm, 10pm)

**UCCS = uncooked corn starch



GALACTOSEMIA





25 mL milk 5.5 lbs tomatoes

16.5 lbs apples 26.4 lbs peas

=
600 mg 
galactose

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjL4p3NjcnZAhUPI6wKHVsZAnYQjRx6BAgAEAY&url=https%3A%2F%2Fwww.healthline.com%2Fnutrition%2Fgreen-peas-are-healthy&psig=AOvVaw0ZCpEqFoBqiNoWhTwiRAp0&ust=1519924350748916


FUTURE

 Clinical trials
 New therapies

 Gene therapy
 Medications

 Adding to NBS
 At home monitoring
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