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PHE Metabolism; Defects

98%

2%

30%



Incidence

1in 8000 (Newborn Screening Program; 1376-1389)

1 in 7000 (Newborn Screening Program; 1386 till now based upon 

3 provinces)

1in 20,000

1in 20,000

1in 12,000 1in 2,600

1in 4,500

1in 5,300

Iran



Screening

Started in the mid-1960s

Elevated blood PHE; need for a diagnostic work-

up (Not a positive diagnosis)

Started in 1386Iran



Screening

Iran



Iran



Clinical evaluation

Iran
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Classification

Classic PKU: PAH activity < 1%

Plasma PHE ≥ 20 mg/dL

↑ of PHE, phenyl pyruvate, phenyl lactate, 

phenyl acetate, phenyl acetyl glutamine

↓ serotonin, epinephrine, norepinephrine, dopamine, GABA

HyperPHE: PAH activity 1-3%

4 > Plasma PHE > 10 mg/dL

BH4 deficiency: PAH cofactor



Classification

Transient HyperPHE: PAH activity > 5%

6 > Plasma PHE > 10 mg/dL

Delay in enzyme maturation

6 > Plasma PHE; PHE-restricted diet & f/u



Laboratory & Clinical findings



Laboratory & Clinical findings



Untreated…

Vomiting!!!

Irreversible mental retardation (33%), 

Neurologic abnormalities (33% mild), 

Abnormal electroencephalograms (EEGs) (80%), 

Seizures (25%), 

Hyperactivity,

Musty odor (due to phenyl acetate), 

Eczema 

Permanent mental retardation, 

Microcephaly,

congenital heart defects, 

and other anomalies…

Offspring of mothers with 

untreated PKU or hyperPHEmia



Duration of PHE-restricted diet 

Until 2000, School age or younger (10-12 y/o)??

Decreased IQ and poorer school performance... 

In case of removing PHE-restricted diet or poor metabolic control:

Neurologic deterioration, 

Mental aberrations, 

Physical changes in the brain (MRI), 

Psychiatric problems 



Duration of PHE-restricted diet 

The United Kingdom Medical Research 

Council Working Party on Phenylketonuria

PHE-restricted diet in infancy if PHE  6.6 mg/dL + ↓ /NL TYR

2 < PHE < 6 mg/dL:  <10y/o

2 < PHE < 8 mg/dL:  10-20 y/o

2 < PHE < 11.6 mg/dL: > 20 y/o

German Investigators

PHE-restricted diet if PHE  10 mg/dL

PHE < 4 mg/dL:  < 10y/o

PHE < 10 mg/dL: 10-20 y/o

PHE < 20 mg/dL:  > 20 y/o



Duration of PHE-restricted diet 

The US  National Institute of Health

PHE-restricted diet in neonate if PHE > 10 mg/dL as soon as possible 

(ideally at 7-10 d)

2 < PHE < 6 mg/dL:    < 12y/o

2 < PHE < 15 mg/dL:  >12 y/o

2 < PHE < 10 mg/dL: lack of data
The French

PHE-restricted diet in neonate if PHE > 10 mg/dL

2 < PHE < 6 mg/dL: till 10y/o

PHE < 15 mg/dL:  adolescence

PHE < 20-25 mg/dL: adulthood



Duration of PHE-restricted diet 

Ministry of Health, Iran

2 < PHE < 6 mg/dL:    < 12y/o

2 < PHE < 10 mg/dL:  >12 y/o



Clinical evaluation

 2 mg/dL in <24 hours old neonate*

OR

 4 mg/dL in >24 hours old neonate*

[* by bacterial inhibition assay of dried blood spot]

4 mg/dL in >24 hours old neonate*
Iran
Iran



Rationale of MNT

PHE TYR

1) ↓ & maintain lifelong plasma PHE: 2-4hpp PHE: 2-6 mg/dL

2) maintain lifelong plasma TYR in NL range 

3) Promote normal growth, development and health status.



Nutritional Goals

GENERALLY: NL growth rate 

NL development

NL nutritional status

Prevent catabolism

Prevent/improve behavioral abnormalities, 

Prevent EEG changes & neurologic deterioration

Prevent osteopenia, eczema & musty odor



Growth evaluation

2006 WHO Child Growth Standards*

[* infants 0-24 mo]

AND

2000 CDC Growth Charts*

[* 2-20 years]

FTT vs. Overweight!
MY_ 
Experience



Nutritional Goals/plasma AA

GENERALLY: 2-4hpp PHE: 2-5 mg/dL

2-4hpp TYR: 0.9-1.8 mg/dL

[* by quantitative methods bacterial inhibition assay]

>10 y/o till adulthood: 2-4hpp PHE: 2-8 mg/dL

Adults: 2-4hpp PHE: 2-10 mg/dL

Not always possible

Acceptable local standards…!!

1 or 2 times/week!



In Case of of PHE deficiency

GENERALLY: ↑ or ↓ plasma PHE

↓ growth rate (infants and children)

↓ weight  (adults)

↓ plasma preAlb

Bone changes 

Anemia, 

Generalized aminoaciduria & hypoproteinemia

Mental retardation

Hair loss



Consequences of PHE deficiency



RDI of PHE, TYR and Protein for PKU



RDI of PHE, TYR and Protein for PKU

Iran



RDI of PHE, TYR and Protein for PKU

1) Protein recommendation for...

2) Protein recommendation > DRI

3) PHE tolerance stability: 2-5 y/o

4) PHE recommendation: based on size (↑ with age) 

and growth rate (↓ with age)

5) PHE recommendation: premature infants > full term

6) Pregnant women ≤19 y > Pregnant women >19 y

7) Nutrient intake during lactation = 3rd trimester of 

pregnancy 

POINTS:



Diet prescription/Dietary PHE

1) PAH activity...

2) Age

3) Growth rate

4) Heath status

5) Energy intake/protein intake 

DEPENDS ON:



!

Diet prescription/Dietary PHE



Diet prescription/Dietary TYR

Goal: to maintains treatment plasma TYR

In case of plasma TYR deficiency:

Supplemental L-TYR 

or

More medical formula/table foods!

MY_ 
Experience



Causes of LOW TYR:  1) Not consuming adequate medical food

2) consuming medical foods prepared 

incorrectly with TYR poorly dissolved

3) With increased demands in…  

Diet prescription/Dietary TYR



Diet prescription/Dietary Protein

Requirement: > RDA due to ...?!

Insufficient protein intake:  

!
1) FTT (infants)

2) Poor growth (children)

3) Weight loss (Adults)

4) ↓ preAlb

5) Osteopenia

6) Hair loss

7) ↓ PHE tolerance 



Recommendation of Dietary Protein Intake

MY_
Experience



Diet prescription/Energy

Goal:

Requirement: > RDA; considering hyperactivity

Insufficient energy intake:  

!
1) FTT (infants)

2) Poor growth (children)

3) Weight loss (Adults)

4) ↓ preAlb

5) ↑ plasma PHE

7) ↓ PHE tolerance due to ...?!

NL weight gain (infants/Children)

NL weight for height (Adults)



Diet prescription/Fluid

Requirement: 1.5 cc (neonate)

1.0 cc (Children; Adults)

Consider: fever !



Other Nutrients

Fe: Iron deficiency (Neurotoxicity & ↑ Infection)

Ck ferritin & Hb

Ca, VD, protein, other nutrients: 

Osteoporosis following bone fracture (Mortality in higher ages) 

Ck BMD

Iran



Other Nutrients

Zn: Zinc deficiency

Carnitine: Carnitine deficiency

B 12: Megalobelstic anemia

NL MCV (maybe)

Se: Se deficiency (Cardiac problem, Hypothyroidism & ↓ Immunity)

LCPUFA: In < 1y/o: medical formula/infant formula



Diet prescription

PHE PRO TYR Energy



Recommendation  & Sources Nutrient Intake

PHE PRO TYR Energy



In Case of TYR Deficiency

Total TYR:

!

Infant 

formula

Human 

milk

Table 

foods
Medical 

Formula

Iron

Pure L-TYR

0.5 mg/mL

mixed with fruit purées such as applesauce,

soups, puréed vegetables, and mashed potatoes.



Track of PHE

1. There are three methods for keeping track of Phe: 

1) Counting milligrams (mg) of PHE; 
2) Counting exchanges of PHE; 
3) Counting grams (g) of protein. 

The two latter, however, are not as detailed and accurate as the 
former. 

Conversion of the methods is as follows: 
1 g protein = 50 mg PHE; (2-9 % PHE/g protein) 

1 exchange = 15 mg PHE; 
1 g protein = 3.5 exchanges.

GENERALLY:



PHE Counting/Protein Counting:

1.

Iran



PHE Counting/Protein Counting:

2.



PHE Counting/Protein Counting:

2.



Medical Formula:

IranNow Available In:



Monitoring: Nutritional Status



Monitoring: Biochemical Status



Monitoring: Biochemical Status



Monitoring: Biochemical Status



Monitoring: Biochemical Status

Ck BMD In case of indication in < 5 y/o

Once  in > 10 y/o; if NL: 5 y later;

Every 2 year  if NL

Every year if abNL



Monitoring:



Sample:

Sex: F

Age: 20 y/o

ht: 163

wt: 58                  

Iran



PHE: 220 mg/d (lower limit of RDI)

TYR: 4500 mg/d (3750-5000 mg)

Pro: 60 g/d 

E: 2100 kcal/d (PA: 1.45 due to hyperactivity)

Fluid: 2100 ml/d

Sample:



PHE: 220 mg/d (lower limit of RDI)

TYR: 4700 mg/d (3750-5000 mg)

Pro: 60 g/d 

E: 2100 kcal/d (PA: 1.45 due to hyperactivity; 1400-2500 kcal)

Fluid: 2100 ml/d

Energy_mgProtein_mgTYR_mgPHE_mgServingFood Group

901.860903Bread

1800.312153Fat

1801.530453Fruit

20120302Vegetable

1950.312153Free_A

550---10Free_B

3000.224302Low protein 

food

15155.1158225-

Sample:



PHE: 220 mg/d (lower limit of RDI)

TYR: 4200 mg/d (lower limit of RDI; 3750-5000 mg)

Pro: 60 g/d 

E: 2100 kcal/d (PA: 1.45 due to hyperactivity)

Fluid: 2100 ml/d

60-5.1= 54.9

Sample:



PHE: 220 mg/d (lower limit of RDI)

TYR: 4200 mg/d (3750-5000 mg)

Pro: 60 g/d 

E: 2100 kcal/d (PA: 1.45 due to hyperactivity; )

Fluid: 2100 ml/d

60-5.1= 54.9 g protein to b covered by PKU Nutri-2

100g PKU Nutri-2:  27g protein

≈200                     54.9g protein to b covered by PKU Nutri-2

Sample:



PKU Nutri-2



PHE: 220 mg/d (lower limit of RDI)

TYR: 4200 mg/d (3750-5000 mg)

Pro: 60 g/d 

E: 2100 kcal/d (PA: 1.45 due to hyperactivity; 1400-2500 kcal)

Fluid: 2100 ml/d

2100 kcal-(1515 kcal from food + 800 kcal from medical formula)  = 2315 g

100g PKU Nutri-2:  402 kcal energy

≈200                     800g protein to b covered by PKU Nutri-2

Sample:



PKU Nutri-2

Sample:



PHE: 220 mg/d (lower limit of RDI)

TYR: 4200 mg/d (lower limit of RDI; 3750-5000 mg)

Pro: 60 g/d 

E: 2100 kcal/d (PA: 1.45 due to hyperactivity; 1400-2500 kcal)

Fluid: 2100 ml/d

(158 mg from food + 4780 kcal from medical formula)  = 4940 g

100g PKU Nutri-2:  2390 mg TYR

≈200                     4780g protein to b covered by PKU Nutri-2

Sample:



More Information



Medical Nutrition Therapy in

“Inborn Errors of Amino Acid Metabolism” 

(PKU)

Presented By: 

Dr. Maryam Abdollahzadeh

Ph.D. in Nutrition Sciences

School of Nutrition and Food Sciences

Shiraz University of Medical Sciences

Email: maryamabdh@gmail.com

mailto:maryamabdh@gmail.com


Thanks…


