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1. Introduction 

Phenylalanine (PHE) is an essential amino acid. 

Dietary PHE is not utilized for protein synthesis; it 

converts to tyrosine by phenylalanine hydroxylase 

(PAH) activity. Phenylketonuria (PKU) is an 

autosomal-recessive disorder caused by PAH 

enzyme deficiency. Tetrahydrobiopterin (BH4) is a 

necessary cofactor in the PAH reaction, and elevated 

PHE levels may rarely be caused by inherited 

disorders of BH4 synthesis. These result in the 

accumulation of PHE in body fluids and the brain 

(1). 

 Elevations of PHE in plasma are categorized as 

follows, depending on the degree of enzyme deficiency: 

1. Classic PKU (PHE≥1200 μmol/l, less than 1% 

residual PAH activity) 
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Abstract 

Phenylalanine (PHE) is an essential amino acid. Dietary PHE converts to tyrosine by phenylalanine hydroxylase 

(PAH) activity. Phenylketonuria (PKU) is an autosomal-recessive disorder resulting from PAH enzyme 

deficiency. Elevations of PHE in plasma are classified based on the degree of enzyme deficiency into classic 

PKU (PHE≥1200 μmol/l), mild PKU (PHE>600 μmol/l and <1200 μmol/l), and non-PKU-

hyperphenylalaninemia (HPA) or mild hyperphenylalaninemia (MHP) (PHE≤600 μmol/l). This is a single-

center study of consecutive patients managed at the Pediatric Neurology Department and the outpatient clinic at 

Children’s Welfare Teaching Hospital, Medical City, Baghdad, Iraq, from the 1st of October 2019 to the 1st of 

October 2020. Five patients were selected who were proven to have non-PKU-HPA (PHE<600 µmol/L) 

confirmed by the high-performance liquid chromatography analysis and assured to have sapropterin response by 

the sapropterin loading test which showed >30% decrease in PHE level. All patients presented with a 

neurological complaint, they were between three months and 15 years, and they were treated with sapropterin, 

Levodopa (L-Dopa), and 5-hydroxytryptamine (5-HT). The study included the demographic and clinical profile, 

biochemical response to sapropterin, and clinical response to treatment according to the development quotient. 

The five patients enrolled in this study had a gross motor developmental delay as their main symptom. One case 

also had a seizure and dystonia, another had a fluctuation of symptoms, four had a consanguineous marriage, 

and two had a family history of the same condition. Moreover, all cases had a higher than 30% decrease in PHE 

level by the tetrahydrobiopterin (BH4) loading test, and all of them showed significant clinical improvements 

after treatment except for one that showed only a moderate improvement. The BH4 therapy significantly 

enhanced dietary PHE tolerance and permitted a PHE-free medical formula to be discontinued in all patients 

with PHE within an achieved therapeutic target (120-300 μM]. MHP is not a mild disease as it may be related to 

neurotransmitter disorders. Sapropterin, L-DOPA, and 5-HT are always used for patients suspected of having 

neurotransmitter diseases, particularly those with MHP.  

Keywords: BH4 loading test, Mild hyperphenylalaninemia, Neurotransmitters Tetrahydrobiopterin  
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2. Hyperphenylalaninemia (HPA), mild PKU 

(PHE>600 μmol/l and <1200 μmol/l, 1-5% residual 

PAH activity)   

3. Non-PKU-HPA or mild hyperphenylalaninemia 

(MHP) (PHE≤600 μmol/l, >5% residual PAH activity 

(2) 

The brain is the main organ damaged by HPA PKU, 

but the exact mechanism of injury remains elusive. On 

the other hand, lower concentrations of PHE in plasma 

and brain tissue are associated with improved 

neurobehavioral outcomes and support the view that 

toxic levels of PHE are critical to the mechanisms of 

the disease (1). Patients with MHP whose PHE levels 

are virtually less than 600 μmol/l (even when 

metabolically stressed) are on unrestricted diets (3). 

These cases are more likely to benefit from BH4 as 

previous studies showed that the response was 

inversely related to the PHE level, and those with MHP 

showed a complete response (100% of the respondents) 

(3-6). In 1-3% of infants with HPA, the defect resides 

in one of the enzymes necessary for producing or 

recycling the cofactor BH4. If these infants are 

misdiagnosed as PKU patients, they may deteriorate 

neurologically despite adequate control of plasma PHE 

(1). 

Tetrahydrobiopterin (BH4) is considered the natural 

cofactor of the PAH enzyme, and different BH4 

deficient syndromes may cause significant neurologic 

features. The deficiency of BH4 leads to PAH 

dysfunction, which in turn results in HPA, plus cerebral 

tyrosine and tryptophan hydroxylases dysfunction, 

subsequently leading to neurotransmitter L-DOPA and 

5-hydroxytryptophan (5-HT) deficiencies (7). Kure, 

Hou (8) showed that blood PHE levels may well reduce 

in some patients with mutations in the PAH gene who 

received doses of BH4 (20 mg/kg). Therefore, HPA in 

these patients has a defect in one of the four enzymes 

responsible for maintaining tetrahydrobiopterin levels 

(9). Because tyrosine and tryptophan hydroxylases also 

require tetrahydrobiopterin for proper functioning, 

these disorders also result in deficiencies of L-DOPA 

and 5-TH neurotransmitters (9). 

Despite the low incidence of BH4 synthesis defects, 

all newborns with HPA detected through newborn 

screening must be screened for BH4 synthesis defects. 

The therapy goals are to normalize plasma PHE levels 

and correct neurotransmitter deficiencies with 

exogenous supplementation. 

The likelihood of adverse side effects after extended 

therapy, safety, and the benefits of BH4 treatment in 

young children or women during pregnancy and 

breastfeeding are still important issues to be assessed 

(10). 

The neurological function may improve with therapy, 

but the overall prognosis for these disorders is variable. 

Generally, if treatment starts in the neonatal period, 

patients are more frequently asymptomatic or have a 

milder clinical course, including less severe cognitive 

impairment, movement disorders, and seizures (9).  

2. Materials and Methods 

This is a single-center study of consecutive patients 

managed in the Pediatric Neurology Department and 

the outpatient clinic at Children’s Welfare Teaching 

Hospital, Medical City, Baghdad, Iraq, from the 1st of 

October 2019 to the 1st of October 2020. Five patients 

were confirmed as non-PKU-HPA (>120 μM and 600 

μM/L) by MS/MS (Tandem mass spectrometry) and 

high-performance liquid chromatography (HPLC). We 

relied primarily on patients with a high index of 

suspiciously unexplained psychomotor delay or those 

previously diagnosed as MHP and treated with 

nutritional therapy alone with clinical deterioration 

despite a biochemical response. The confirmation 

response for BH4 was performed for them by means of 

a BH4 loading test. All patients were confirmed for 

their neurological service by their developmental delay, 

abnormal movement, or seizure or were suggested by a 

metabolic screen (not responsive to diet). 

2.1. Inclusion Criteria 

1. Patients with a  neurological complaint due to HPA 

proven by HPLC and the level above the reference 

range but below or equal to 600 µmol/l 

2. Patients three months to 15 years 
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3. Use of BH4 with or without L-DOPA and 5-HT 

2.2. Exclusion Criteria   

1. PHE level in the PKU range (>600 µmol/l) 

2. Loss of follow-up 

Patients recruited in this study were from all regions of 

Iraq, five cases ranging in age from three months to 15 

years, who were diagnosed with MHP and seeking 

consultation from the Pediatric Neurology Department 

and the outpatient neuro-metabolic clinic at the Welfare 

Teaching Hospital, Medical City complex, Baghdad, 

Iraq. All patients were comprehensively interviewed, 

clinically examined, and investigated according to the 

approved medical and laboratory standards. Relationship 

status, family history, and development history focusing 

on significant areas affected before and after the 

treatment, their developmental quotient, seizure history, 

and age at treatment initiation were recorded. A general 

and neurological examination was performed for all 

patients focusing on the motor system, abnormal 

movement, and observation of rash if present. 

2.3. Basic Investigations 

Upon suspicion of an inborn error of metabolism, 

baseline metabolic investigations were performed using 

routine methods of measuring blood glucose, testing 

liver function, electrolytes, arterial blood gases, 

ammonia, lactate, and MS/MS (adjusted to patient 

need). 

2.4. Specific Investigations 

The protocol was followed to assess the response to 

BH4 therapy by giving patients 20 mg/kg of BH4 

analog (Kuvan®) for two days. All patients were on a 

regular diet for at least two days before and during the  

 

 

 

 

 

 

 

 

test. The BH4 loading test was performed using BH4 at 

a 20 mg/kg dose, taken orally and directly after a 

baseline blood sample. The second blood sample was 

taken two hours after the second dose of BH4. Blood 

samples were collected and analyzed by HPLC (5). 

BH4 was determined by a higher than 30% decrement 

in PHE levels in plasma (11).  

3. Results 

It is evident in this study that consanguinity is a 

significant risk factor, and most patients denied any 

family history of the same condition. The main 

presentation of all cases was a gross motor delay, and 

one had a seizure and dystonia (Table 1). 

Table 2 shows a decrease in PHE level (>30% 

decrement) after the BH4 loading test. 

The clinical response after starting BH4, L-DOPA, 

and 5-HT (the dose tailored individually) was recorded 

according to the gross motor development question 

applied to all cases. The fifth case was 11 years old, 

and because he had severe developmental delay since 

his early days but was diagnosed too late, he showed 

significant improvement in motor skills and could walk 

with mild limitation. One case (the first) showed a 

complete response, two cases (the second and fourth) 

showed a significant response and reached the 

development state (near normal), and the third case 

showed a moderate response (Table 3). 

The plasma pterins level was performed only for one 

patient. Elevated biopterin and a normal neopterin level 

are usually seen in dihydropyridine reductase (DHPR) 

deficiency.  

 

 

 

 

 

 

Table 1. Demographic and clinical profile 

 
Patient 

no 

Age of start 

treatment 
Gender Consanguinity Family HX Main presentation 

Others (Seizure, movement 

disorder, skin manifestation ) 

1 6 months Female -Ve -Ve Gross motor delay  

2 3 months Female 1
st

 cousin +Ve Gross motor delay  

3 6 months Male 1
st

 cousin -Ve Gross motor delay  

4 1 year Female 1
st

 cousin +Ve Gross motor delay Seizure and dystonia 

5 11 year Male 1
st

 cousin -Ve Gross motor delay Fluctuation in symptoms 
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4. Discussion 

The category referred to as MHP is the most clinically 

and biochemically benign of PKU cases (12). This is 

considered when the defect was on the enzyme (PHA) 

itself; therefore, these patients had residual activity and 

mild symptoms. 

The BH4 loading test was initially used for 

differentiating between PKU and BH4 deficiency, and 

it was a valuable tool for identifying BH4 response 

cases from PKU since Kure, Hou (8) showed that four 

of five patients with MHP responded to oral sapropterin 

therapy since their PHA levels decreased (8, 13, 14).  

In the current study, consanguinity was focused on as 

it is considered a real challenge in developing countries 

with high consanguinity marriage prevalence and was 

found a significant risk factor for MHP and other types 

of HPA. Other studies have demonstrated the same 

results as in Oman, 9 out of 11 cases had positive 

consanguinity (15), and 8 out of 9 cases in Kuwait had 

consanguineous parents (16). Another study in Iraq (17) 

indicated that all 7 cases had consanguineous parents, 

and 4 out of  7 had a family history. In the present 

study, only two cases had a positive family history. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clinically, the main presentation of all cases reported 

in this study was a gross motor delay, and one of them 

also had epilepsy. Another study showed that 

approximately 50-75% of patients with any of these 

disorders have a gross motor delay, often combined 

with poor head control and peripheral hypertonia, 

mainly of the extremities (18). Nearly the same results 

were obtained in a study in Egypt (19). Another study 

showed that seizure occurs in 20-40% of cases (20). 

The present study showed a significant biochemical 

response after therapy with BH4, as PHE levels 

dropped in all cases by more than 30%. Therefore, the 

response was shown in 100% of the cases, and the 

results agreed with the findings of several previous 

studies (3-6). However, other studies reported response 

in nearly 66% of cases in the USA (21), >80% of cases 

in Spain (22), and nearly 77% in Italy (23). This 

discrepancy might be due to the small sample of the 

present study. 

Response to BH4 in different types of HPA varies in 

different studies from 20% to 62% (24). In addition to 

the interplay among the PAH enzyme, the coenzyme 

(BH4), and the substrate (PHE), the difference in the  

 

Table 2. Biochemical response to sapropterin 

 
Patient  

no 

Phe level before 

kuvan (µmol /l) 

Phe level after 

kuvan (µmol /l ) 
% of decrement Response 

1 375.16 141.14 62.32 +ve 

2 441.55 154.66 64.9 +ve 

3 507.27 127.26 74.9 +ve 

4 264 138 47.7 +ve 

5 592.50 139.98 76.3 +ve 

 

Table 3. Clinical description of patient's response (main complaint) after treatment according to development quotient 

 
Patient 

no 

The main development 

domain complained 

Development question 

before treatment 

Development question 

after treatment 

1 Gross motor delay 50% 93% 

2 Gross motor delay 50% 85% 

3 Gross motor delay 42% 54% 

4 Gross motor delay 60% 80% 

5 Gross motor delay 25% Walk with mild limitation * 

 

*as long as his treatment started late 

 



Thoalnoon et al / Archives of Razi Institute, Vol. 78, No. 2 (2023) 667-673  

 

 

 

671 

BH4 responsive rate in patients is also related to the 

protocols, which varies in duration (24 h, 48 h, 1 week, 

or 4 weeks) and the testing dose of BH4 (10 mg/kg vs. 

20 mg/kg of body weight) (25). 

In principle, BH4 deficiency disorders are treatable, 

and the treatment requires the normalization of BH4 

level and blood PHE concentration, as well as the 

restoration of the BH4-dependent hydroxylation of 

tyrosine and tryptophan. This is achieved by 

supplements of BH4, along with neurotransmitter 

precursors, as well as supplements of folinic acid and 

dietary modification in some DHPR deficiencies (2, 

11). 

This study reported the developmental responses after 

sapropterin, L-DOPA, and 5-HT therapy as complete 

improvement in one case, near complete improvement 

in two cases, and moderate in one case. A study in the 

USA (26) hypothesized that BH4 treatment in the PKU 

group would be associated with improved working 

memory and related neural activity. Moreover, the 

significant variability of BH4 responsiveness is 

unexplained, and subpopulations with a unique 

response to this medication have not been well 

characterized. Causes of variability are multifactorial 

and likely include individual patient and genotype 

differences, drug dose, and the age of starting 

treatment. When treatment begins in the neonatal 

period, patients are frequently asymptomatic or show 

less retardation, movement disorders, and convulsions 

(20, 27).  

The fifth case was a known state of psychomotor 

delay since his early days, and his parent complained 

that their child was still not sitting, not standing, and 

had no active movement. 

 Nevertheless, sometimes he could achieve beneficial 

action in the early morning, which lasted only minutes 

or less (fluctuation), and his speech had a delay by few 

words, which worried his parents. His vocabulary was 

better in the early morning but deteriorated as he got 

tired.  

The plasma pterin level was thus performed only for 

him, and the result showed an increase in biopterin with 

an average level of neopterin, which indicated DHPR 

deficiency. The same result in terms of biopterin and 

neopterin value was obtained in a study in Italy (28) 

and 91.4% in an Iranian study (29). 

Monoaminergic neurotransmitters with HPA 

disorders are challenging and need a high index of 

suspicion. 

MHP is not a mild disease as it may be related to 

neurotransmitter disorders. 

Sapropterin, L-DOPA, and 5-HT are always used in 

suspected neurotransmitter disease patients, particularly 

those with MHP.  
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