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“There is no doubt that the early identification of 

PKU and prompt and continuous intervention 

prevents mental retardation in most patients.”

Nenad Blau

Anita MacDonald

Francjan van Spronsen

In Editorial

Molecular Genetics and Metabolism, 2011 (S1)
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Portuguese Association of PKU and Allied Disorders
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• Diet construction – dilemmas

• Nutritional challenges: feeding issues and nutritional imbalance

• Role of special dietary products

• Measurement of nutritional status

• Alternative treatments 

• Glycomacropeptide

• Large neutral amino acids

• Sapropterin

• Phenylalanine ammonia lyase enzyme substitution therapy
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• Treatment for life

• Keep patients under follow-up

• Focus on blood [Phe] management but also in other health status markers

• Sapropterin as a possibility to optimize nutritional treatment:

• To reduce dietary restrictions and dependence on medical and SLPF;

• To clearly observe a significant clinical impact.

• Full reimbursement of:

• PS
• SLPF
• Sapropterin
• GMP
• LNAA

PKU treatment approach in Portugal
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Pena MJ, et al. Orphanet J Rare Dis. 2015 Dec 22;10(1):162.
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Annual Nutritional Status Evaluation (ANSE)

Procedures sequence:

1st. Anthropometric evaluation

2nd. Body composition analysis

3rd. Blood pressure determination

4th. Blood sample collection

5th. Nutrition appointment: - food and nutrition data collection
- nutritional adjustments

Combined with neuropsychological tests! 

Our routine nutritional status evaluation protocol
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Clinical assistance to our patients

• Biochemistry
• Haematology
• Body composition

All results available to all 
team members!
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Our strategy to determine nutritional intake
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Our strategy to determine nutritional intake
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Our strategy to determine nutritional intake
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2 months!
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SLPF

TOTAL
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Rocha JC, et al. Acta Pediatr Port. 38(1):44-54, 2007

• Hyperphenylalaninemia

• [Phe]blood between 3 mg/dL and 6 mg/dL

• Mild PKU

• [Phe]blood between 6 mg/dL and 20 mg/dL

• Classical PKU

• [Phe]blood > 20 mg/dL Prot.
intake

Phe tolerance

Nat. protein

Prot. substitute

Phenylketonuria classification
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Treatment implementation (± 10th day of life)

• [Phe]blood > 20 mg/dL:

• Stop phe intake (breastfeeding or infant formula) up to 48h

• Gradual phe reintroduction: 60-80 mg / day

• Protein substitute + energy (CHO + lipids)

• [Phe]blood < 20 mg/dL:

• Reduce phe intake (breastfeeding or infant formula) 

• Protein substitute + energy (CHO + lipids)
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Is breastfeeding possible? 

All the known advantages plus:
- Low phe content!
- LCPUFAS content!

However… it is difficult to measure!!!
- based on weight, estimation of total daily fluid 
intake (3.200 kg x 170 mL/kg = 544 mL/day) 
- estimation of the volume of each breastfeed

(544 mL / 8 = 68 mL)
- duration time of each breastfeed

68 mL = 20 minutes
- minutes «» volume «» phe content
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• Availability of complete amino acid profile.

• LCPUFAS enriched.

• Protein content.

• Exact phe content throughout 1st year of life!

• Possibility to prepare the mixture together with protein substitute and 
energy sources.

Infant formula



Rocha JC, 2018

Practical schemes – an example

AA + Energy

+

Phe

8 equal meals a day 
OR

6 equal meals a day + 
2 breastfeeds during night

AA + Energy + Phe

8 equal meals a day 
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1st year of life – a case report

• Male

• Date of birth

• Mild PKU (R261Q/R261Q)

• NBS [Phe] (7th day of life): 11.7 mg/dL
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1st appointment (13 d)

• Weight = 3000 g (P10)

• Length = 49.5 cm (P10)

• HC = 35 cm (P10-25)

• Breastfeeding – 7x / day

• Blood sample – DHPR + amino acids

• Urine sample – Pterins + amino acids

Diet prescription (160 mg Phe):

• 15 g of AAM + energy supplements 
• 7 meals

• 2x only breast milk 
• 5x – bottle-feed + breastfeed (limited) 

• [Phe] (13d): 10.2 mg/dL
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Age: 1 month

Blood Phe (mg/dL):
0.9
0.3
0.7

• Weight = 3500 g (P5-10)

• Length = 53.5 cm (P25-50)

• HC = 37 cm (P25)

Diet prescription (240 mg Phe):

• 7.5 g de AAM (↓)
• 7 meals

• 3x only breast milk 
• 4x bottle-feed + breastfeed (free)



Rocha JC, 2018

Age: 3 months 24 d

Blood Phe (mg/dL):
2.2
1.4
8.9
6.6
3.8
2.8
1.5
....
3.3

• Weight = 6120 g (P25-50)

• Length = 63.5 cm (P50-75)

• HC = 42.2 cm (P50-75)

Diet prescription (340 mg Phe):

• 20 g of AAM (↑)
• free breast milk
• weaning: 30 g of cereals 

Phe challenge!
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Age: 5 m 17 d

Blood Phe (mg/dL):
3.3
2.2
4.1
1.8

• Weight = 7290 g (P25-50)

• Length = 67.3 cm (P50-75)

• HC = 44.4 cm (P75)

Diet prescription (420 mg Phe):

• 25 of AAM (↑)
• vegetables soup (4 phe exchanges = 80 mg) + fruit (1 PE)
• 3 x breast milk + bottle-feed
• cereals together with protein substitute
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Age: 8 m 16 d

Blood Phe (mg/dL):
3.2
1.1
1.4
...

0.6
3.2
2.5
2.8

• Weight = 8580 g (P25-50)

• Length = 72 cm (P50-75)

• HC = 46.3 cm (P75-90)

Diet prescription (284 mg Phe):

• 35 g AAM (↑) + 20 g infant formula
2 bottle-fed 
1 with cereals

• 5 Phe exchanges (vegetables soup + fruit)
• 3 more Phe exchanges »» solid meal 
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Age: 12 m

Blood Phe (mg/dL):
1.9
1.7
2.1
...

7.8
...

2.2
2.9
1.7

• Weight = 9780 g (P25-50)

• Length = 76.5 cm (P50-75)

• HC = 47 cm (P50-75)

Diet prescription (334 mg Phe):

• 25 g AAM + 30 g (↑) infant formula (3 meals / day)
• total: 8 Phe exchanges
• introduction of special low protein foods
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Age: 19 m

Blood Phe (mg/dL):
...

5.5
4.5
4.0
3.8
5.3
5.9
3.7
3.3

• Weight = 12.400 kg (P50-75)

• Length = 86.3 cm (P75-90)

• HC = 49.6 cm (P90)

Diet prescription (309 mg Phe) »» 24.9 mg phe/kg/dia

• 30 g (↑) AAM + 25 g (↓) infant formula
• total: 8 Phe exchanges
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Longitudinal metabolic control
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Nutritional intake in February 2014

Nutritional intake

g g/kg

Energy

(Kcal) Energy (%)

Natural protein 11,98 0,34 47,92 0,7

Protein equivalent 40,00 1,13 160,00 8,8

Amino acids 48,00 1,35

Phe (mg) 506,92 14,28

Total protein 54,13 1,52 216,50 11,9

Fat 69,68 627,12 34,3

Carbohydrate 243,52 974,10 53,3

Total energy intake 1826,07 99,5

Nutritional intake in February 2015

Nutritional intake

g g/kg

Energy

(Kcal) Energy (%)

Natural protein 24,15 0,59 96,59 1,0

Protein equivalent 38,00 0,93 152,00 6,3

Amino acids 45,60 1,11

Phe (mg) 1121,56 27,36

Total protein 64,55 1,57 258,20 10,6

Fat 71,20 640,77 26,4

Carbohydrate 377,39 1509,58 62,2

Total energy intake 2426,89 99,2
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- HPA / PKU
- Under phe restricted diet
- Age ≥ 4 years 

Median of blood [Phe] in the previous year

≥ 8mg/dl

Nutritional adjustment :
+25% natural protein

< 8 mg/dl

[Phe] 3 days after

BH4 loading-test

SPDM – Sociedade Portuguesa de Doenças Metabólicas.

BH4-loading test adopted by SPDM, 2014
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Day 0

8h 16h 24h

Day1 Day 2 Day 3

8h 16h 24h 8h 16h 24h 8h

BH4

20 mg/Kg

BH4

20 mg/Kg

SPDM – Sociedade Portuguesa de Doenças Metabólicas.

BH4-loading test adopted by SPDM, 2014
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BH4 loading test: May 2015
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Nutritional intake in February 2016 (BH4: 20 mg/kg)

Nutritional intake in February 2017 (BH4: 10 mg/kg)

Nutritional intake

g g/kg

Energy

(Kcal) Energy (%)

Natural protein 35,98 0,83 143,92 1,8

Protein equivalent 38,00 0,87 152,00 7,8

Amino acids 45,60 1,05

Phe (mg) 1766,34 40,61

Total protein 73,98 1,70 295,92 15,2

Fat 61,30 551,70 28,4

Carbohydrate 266,22 1064,88 54,7

Total energy intake 1945,52 98,3

Nutritional intake

g g/kg

Energy

(Kcal) Energy (%)

Natural protein 31,03 0,62 124,12 1,5

Protein equivalent 38,00 0,76 152,00 7,6

Amino acids 45,60 0,91

Phe (mg) 1518,84 30,38

Total protein 69,03 1,38 276,12 13,8

Fat 66,90 602,10 30,0

Carbohydrate 273,87 1095,48 54,6

Total energy intake 2007,02 98,3
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Infancy 
• Danger of tasting not-allowed foods

• BMI rebound; perform BIA when possible - usually after 3 y of age

• Phe levels not a usual problem at this time

• Check the amount of low protein foods ingestion
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Adolescence: nutritional and lifestyle issues

• Physical activity

• BIA / BMI check

• Frequent advices regarding compliance

• What are the real consequences of non-compliance? 

• Only increased Phe levels as a major consequence?

• The importance of analysing together the full blood analysis!

• Waist circumference monitoring – where is body fat located? Obesity 
does not represent always the same risk!!

• To show the evolution of body composition...
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• Young female with PKU, 18y 10m

• Beginning of treatment at 18th day of life

• [Phe]blood at NBS: 21 mg/dL

• [Phe]blood when treatment began: 27.4 mg/dL

• Genotype: R270K / IVS10-11 G>A

Late adolescence / young adult: case report
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Nutrition appointment: 9th September 2009

• Body weight: 51 kg; Height: 1.63 m; BMI: 19.2 kg/m2; WC: 80.7 cm

• Body fat: 25.3% (12.9 kg)

• Blood pressure: 105/51 mm Hg

• Natural protein intake: 11.7 g (potatoes, fruits, vegetables)

• Protein substitute:

not taking despite last prescription in April 2009: 1.05 g aa/kg bw

• Total energy intake: 1800 kcal/day

• Not taking any vitamin and mineral supplements, despite prescription
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Result Normal 
range

Haemoglobin (g/L) 133 120-170

Red cells (x1012/L) 4.14 4.0-5.0

Hematocrit (L/L) 0.388 0.370-0.490

MCV (fL) 93.7 87.0-103.0

Blood iron (mg/dL) 145 37-145

Ferritin (ng/mL) 35 6-159

Transferrin (mg/dL) 269 200-360

Iron binding 
capacity (mg/dL)

327 112-346

Folic acid (mg/L) 1.9 3.0-17.0

Vitamin B12 (pmol/L) 120 128-648

Vitamin B6 (nmol/L) 63.5 20-101

Result Normal 
range

Prealbumin (mg/dL) 28.1 >20 (adults)

Albumin (g/L) 39 35-52

Retinol Bindong Protein 
(mg/dL)

5.9 3.0-6.0

Zinc (mg/dL) 202.2 50-141

Erythrocyte DHA (%) 2.23 3.1-8.5

C-reactive protein (mg/L) 0.8 0-5

Phenylalanine (mg/dL) 17.8 2-8

Tyrosine (mmol/L) 33 25-60

Total homocysteine  
(mmol/L)

116.6 4.2-14.6

Blood analytical results: 9th September 2009
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Blood Result Normal range

Total homocysteine  
(mmol/L)

7.0 4.2-14.6

Phenylalanine (mg/dL) 16.8 2-8

Tyrosine (mmol/L) 24 25-60

Folic acid (mg/L) 20.0 3.0-17.0

Vitamin B12 (pmol/L) 359 128-648

Urine – organic acids
Increased amounts of:

Phenyllactate
3-hydroxy-phenyllactate
2-hydroxy-phenyllactate

Treatment outcome: December 2009  

Treatment during 2 months:

Oral vitamin B12

(cianocobalamin) tablets: 
1mg / day

Folic acid tablets:
2.5mg / day
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Vitamin B12 vs Quantity of prescribed AAM 
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68 patients (1-27 y)

P<0.0001

Data not published.

Vitamin B12 levels: the importance of compliance

Megaloblastic anemia

 [homocysteine]

 B12, B6 and Folate
Bad AAM compliance

+
Option for low protein foods

Feillet F and Agostoni C. J Inherit Metab Dis, 2010 
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General nutrition recommendations

Individual nutritional needs

PKU 
treatment

PKU 
treatment 

compliance

Redefined individual nutritional 
needs

Nutritional 
prescription

Nutritional status 
evaluation

Outcome

Dietary management in PKU
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Nutritional 
status

Nutritional 
intake

Nutritional 
needs

How disease 
affects nutrient 

needs?

Special low protein 
foods ‘without ‘ 
micronutrients!

Micronutrient 
intake is mainly 
defined by PS 
prescription!

Micronutrients 
bioavailability?

PS – protein substitute
SLPF – special low protein food
LNAA – large neutral amino acids
GMP – glycomacropeptide

Rocha  JC and MacDonald A. Dietary intervention in the management of phenylketonuria: current perspectives.
Journal of Pediatric Health, Medicine and Therapeutics. 2016:7 155–163

If Phe tolerance 
optimized?

What is the impact of 
other treatment  options 
/ strategies, e.g., LNAA, 

GMP or sapropterin?

Nutritional status in patients with PKU
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Pinto A, et al. Nutritional 
status in patients with 
phenylketonuria using
glycomacropeptide as 

their major protein 
source. European Journal

of Clinical Nutrition. 2017 
71(10):1230-1234.
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Pinto A, et al. Nutritional 
status in patients with 
phenylketonuria using
glycomacropeptide as 

their major protein 
source. European Journal

of Clinical Nutrition. 2017 
71(10):1230-1234.
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Pinto A, et al. Nutritional 
status in patients with 
phenylketonuria using
glycomacropeptide as 

their major protein 
source. European Journal

of Clinical Nutrition. 2017 
71(10):1230-1234.
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Poster presentation at the SSIEM 2015 in Lyon
J Inherit Metab Dis (2015) 38 (Suppl 1):S92–S93.

Do we really know the real patient’s ingestion?
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First appointment Second appointment

Natural protein 
intake (g/kg) 

0.84 [0.46-1.50] 0.92 [0.53-1.65] p=0.002

Protein equivalent 
from protein 

substitute (g/kg)
0.77 [0.49-1.10] 0.75 [0.36-1.00] p<0.001

Dietary intake in the two different nutrition appointments.

NP intake increased in:

 72.7% of patients with hyperphenylalaninemia (HPA);

 61.3% of patients with mild PKU;

 57% of patients with classical PKU.
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Diet treatment

Diet treatment 
+ sapropterin 
treatment

Sapropterin 
treatment

Metabolic 
control

Within target range
To keep within 
target range

To keep within 
target range

Out of target range
To optimize
towards target 
range

To optimize
towards target 
range

Metabolic control and sapropterin
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Blood [Phe]
(mg/dL)

Sapropterin
20 mg/kg

• 29 year old male
• Loading test response: 64% decrease
• R408W / Y414C

Median blood [Phe] = 7.7 mg/dL Median 
blood [Phe] = 5.4 mg/dL

Standard deviation:
Before sapropterin: 1.7 mg/dl
After sapropterin: 0.9 mg/dl

% of blood Phe measurements in target range:
Before sapropterin: 53 %
After sapropterin: 100%

Metabolic control before and after sapropterin
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18/10/2012 06/05/2013 22/11/2013 10/06/2014 27/12/2014 15/07/2015 31/01/2016 18/08/2016 06/03/2017 22/09/2017

Blood [Phe]
(mg/dL)

Sapropterin
20 mg/kg

• 19 year old female
• Loading test response: 67% decrease
• R261Q / V388M

Median blood [Phe] = 8.1 mg/dL Median 
blood [Phe] = 6.5 mg/dL

0.93 g/kg natural protein
2414 mg Phe

0.46 g/kg natural protein
928 mg Phe

Protein intake before and after sapropterin
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Blood [Phe]
(mg/dL)

Sapropterin
20 mg/kg

Median blood [Phe] = 8.1 mg/dL Median 
blood [Phe] = 6.5 mg/dL

0.93 g/kg natural protein
2414 mg Phe

0 g aa/kg

0.46 g/kg natural protein
928 mg Phe
1.2 g aa/kg

• 19 year old female
• Loading test response: 67% decrease
• R261Q / V388M

Protein substitute before and after sapropterin
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Sapropterin
20 mg/kg

0.0
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10/07/2012 26/01/2013 14/08/2013 02/03/2014 18/09/2014 06/04/2015 23/10/2015 10/05/2016 26/11/2016 14/06/2017

Blood [Phe]
(mg/dL)

• 15 year old female
• Loading test response: 40% decrease
• R261Q / R261Q

Median blood [Phe] = 6.8 mg/dL

SLPF = 28 Kcal / day
1.0 g /kg natural protein

0.86 g aa/kg

SLPF = 844 Kcal /day
0.4 g /kg natural protein

1.52 g aa/kg

Median blood [Phe] = 6.5 mg/dL

SLPF intake before and after sapropterin
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Transition to a new food pattern in PKU…

New treatments – new needs!
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Obesity should be prevented!
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Thiele AG, et al. JIMD Rep, 2013; 9:31-40

Nutritional Changes and Micronutrient Supply in Patients 
with Phenylketonuria Under Therapy with 
Tetrahydrobiopterin (BH4).
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The major source of micronutrients is from supplemented 
Phe-free L-amino acids and if the intake of Phe-free L-amino 
acid supplements is suboptimal, this will increase the risk of 

micronutrient deficiency (e.g. iron, zinc, selenium and vitamin 
B12).

van Wegberg AM, et al. The complete European guidelines on phenylketonuria: diagnosis and treatment.
Orphanet Journal of Rare Diseases. 2017:12(1):162

Nutritional status in PKU
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EPG 2017 recommendation:

To double natural protein intake!
But what about its quality?

Distribution through the day?
Other nutritional prescription?
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What about metabolic control in BH4 non responders?

Sousa Barbosa C, et al. Metabolic control in patients with phenylketonuria pre- and post-sapropterin loading test.
Journal of Inborn Errors of Metabolism and Screening. 2018. Accepted manuscript. 
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• Phenylketonuria treatment is one of the medicine’s success 
story

• Nutritional status evaluation is crucial for the dietary 
management in PKU

• A precise and detailed food history is essential to understand 
nutritional intake in PKU

• We need to carefully identify patient’s individual needs

• Long-term follow-up is crucial to understand the real impact of 
new therapies

Conclusion
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