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ABSTRACT 

Background: Phenylketonuria (PKU) is a rare inborn error of metabolism caused by 

phenylalanine hydroxylase enzyme (PAH) deficiency. Treatment constitutes a strict Phe 

restricted diet with unpalatable amino acid supplements. Residual PAH activity enhancement 

with its cofactor tetrahydrobiopterin (BH4) is a novel treatment which increases dietary 

tolerance in some patients and permits dietary relaxation. Relaxation of diet may improve 

health related quality of life (HRQoL). This prospective cohort study aims to evaluate HRQoL of 

patients with PKU and effects of BH4 treatment on HRQoL. 

Methods: Patients aged 4 years and older, diagnosed through newborn screening and early and 

continuously treated, were recruited from eight metabolic centers. Patients and mothers 

completed validated generic and chronic health-conditions HRQoL questionnaires (PedsQL, 

TAAQOL, and DISABKIDS) twice: before and after testing BH4 responsivity. Baseline results 

were compared to the general population. Data collected after BH4 testing was used to find 

differences in HRQoL between BH4 unresponsive patients and BH4 responsive patients after 

one year of treatment with BH4. Also a within patient comparison was performed to find 

differences in HRQoL before and after treatment with BH4. 

Results: 69/81 (85%) patients completed the questionnaires before BH4 responsivity testing, 

and 45/69 (65%) participated again after testing. Overall PKU patients demonstrated normal 

HRQoL. However, some significant differences were found when compared to the general 

population. A significantly higher (thus better) score on the PedsQL was reported by children 8–

12 years on physical functioning and by children 13–17 years on total and psychosocial 

functioning. Furthermore, adult patients reported significantly lower (thus worse) scores in the 

TAAQOL cognitive domain. Ten patients proved to be responsive to BH4 treatment; however 

improvement in their HRQoL after relaxation of diet could not be demonstrated. 
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INTRODUCTION 

Phenylketonuria (PKU; MIM 261600), caused by a deficiency of the enzyme 

phenylalanine hydroxylase (PAH; EC 1.14.16.1), is an autosomal recessive disorder of 

phenylalanine metabolism. The essential amino acid phenylalanine (Phe) cannot be 

converted to tyrosine and therefore accumulates in the body. In the Netherlands PKU 

has an incidence of 1:18,000 with approximately 12 new patients per year. Since 1974 all 

newborns in the Netherlands are screened for PKU in the first week of life. With the 

introduction of newborn screening and the early start of treatment, mental retardation 

and neurological abnormalities due to PKU have been nearly eliminated [1–3]. 

The cornerstone of treatment of PKU is normalizing neurocognitive and psychological 

development and functioning [4]. This is accomplished with a lifelong dietary restriction 

of natural protein intake as a source of Phe and supplementation with a formula 

containing all required amino acids excluding Phe. Treatment begins in the neonatal 

period after confirmation of the diagnosis. A Phe restricted diet excludes many natural 

high protein foods such as dairy products, meat and fish. Patients depend on low protein 

food products, and the commercial Phe free amino acid supplements designed for use by 

individuals with PKU are very unpalatable. The diet has been associated with adverse 

feeding behaviors in young patients and compliance may be a problem [5–7]. 

One novel approach to the treatment of PKU is to enhance the activity of residual PAH 

by treatment with pharmacological amounts of its cofactor, tetrahydrobiopterin (BH4). 

BH4 is the first non-dietary treatment for patients with PKU that has been shown to be 

effective in lowering blood Phe levels in randomized, double-blind trials. This can result 

in increased dietary tolerance for Phe, which permits relaxation of the diet and in rare 

instances a normal intake of natural protein in the diet [6,8–10]. Since June 2009 BH4 

has been registered in The Netherlands for the treatment of PKU in patients from age 4 

and older. Consequently thereafter, all Dutch patients with PKU aged 4 years and older 

were invited to be tested for responsiveness to BH4. The patient was considered to be 

responsive if Phe decreased 30% during a 48 hour test with oral BH4 in a dose of 20 

mg/kg once daily [3,11]. In responsive patients BH4 treatment was started and dietary 

changes were made, while unresponsive patients needed to continue their usual diet.
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The very strict and socially demanding diet is a severe burden on the patients and the 

families [10,12,13]. A dietary relaxation may therefore positively affect the quality of life 

of the patients. Several studies evaluating the health related quality of life (HRQoL) of 

patients with PKU have been published. In contrast to expectations of both patients and 

professionals these studies demonstrated a HRQoL in PKU which is comparable to that 

of the general population [14–17], with the exception of a lower HRQoL demonstrated in 

a group of Italian children [18]. A possible explanation for the unexpected normal scores 

in most studies is that the presently available generic HRQoL questionnaires may not be 

sensitive enough to detect the specific problems of patients with PKU. A PKU specific 

HRQoL questionnaire is presently being developed. 

One of the most important outcome measures of any new treatment is its effect on the 

HRQoL of the patients. The introduction of BH4 in 2009 presented the unique 

opportunity to study the effects of BH4 on the HRQoL of patients with PKU. This 

prospective cohort study was conducted in spite of the limitations posed by the available 

questionnaires. We aimed to first evaluate the HRQoL of patients with PKU compared 

to the general population, and second to get an indication of the effects of the newly 

introduced treatment with BH4 on HRQoL. Measurements were optimized by using 

both generic HRQoL questionnaires and a questionnaire for chronically ill patients.
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METHODS 

Patients 

The inclusion criteria for participation were: patients with PKU age 4 years and above, 

who were diagnosed with PKU by newborn screening, who were early and continuously 

treated with a Phe restricted diet and supplementation of amino acids, and who would 

be tested for BH4 responsivity within the following 6 months. This study was approved 

by the Ethical Committee of the Academic Medical Center in Amsterdam. 

 

Procedures 

Pediatricians and internists specialized in metabolic disorders of all eight Dutch 

metabolic centers were asked to invite their adult patients (18 years and older) and the 

mothers of pediatric patients (4–17 years) to participate in this study. Patients and 

mothers were invited by a letter containing detailed information about the study, sent to 

them by their treating physician and/or handed to them in person during clinic visits. 

Between November 2009 and June 2010 patients (and/or mothers) who wished to 

participate sent an email to the study physician expressing their informed consent. Each 

participating patient (and/or mother) was sent a unique code to log in on the study 

website on a secure server where the questionnaires could be completed. In the months 

after completing the questionnaires all patients were tested for BH4 responsivity by 

their treating metabolic physician. All patients who had participated and completed the 

questionnaires in 2009 (before responsivity testing) were again invited to complete the 

same questionnaires in 2011 (after responsivity testing and after the start of treatment 

with BH4 if the patient turned out to be BH4 responsive) (Figure 1). 
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Figure 1. Flowchart of the study methods 
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Measures 

The patients were asked to complete both a generic HRQoL questionnaire and a HRQoL 

questionnaire for the chronically ill (Figure 1). Furthermore, a number of questions were 

asked about demographics, daily intake of natural protein or Phe intake, and use of 

amino acid supplements. It was also asked, at both time points, if the patients had been 

tested for BH4 responsivity and if they were presently treated with BH4. 

Pediatric patients (age 8–17 years) and mothers of the pediatric patients (age 4–17 

years) were asked to complete the Pediatric Quality of Life Inventory (PedsQL) 

Measurement Model™. The PedsQL is a tool to measure generic HRQoL in children. We 

used the questionnaire for generic HRQoL in four domains: physical-, emotional-, 

social- and school functioning. In addition, a score for psychosocial functioning 

(emotional + social + school functioning) could be calculated and a total score of all four 

domains. A higher score indicates better HRQoL (on a scale of 0–100). The PedsQL has 

demonstrated satisfactory reliability, validity and sensitivity for children aged 2 to 18 

years old [19]. The scores of PKU patients could be compared to a Dutch norm group 

[20], with the exception of PKU patients aged 4 years because the norm data of 4 year 

old children were not available. The norm group was recruited from Dutch schools 

stratified by geographical location (urban, suburban and rural), percentage of migrant 

children and level of education. PedsQL data were available of 76 children aged 5–7 

years, 47% boys (proxy parent-report); 192 children aged 8–12 years, 47% boys (child 

self-report) and 148 children aged 13–17, 43% boys (child self-report) [20]. 

The adult patients (aged ≥18 years) were asked to complete The TNO-AZL Adult Quality 

of Life questionnaire (TAAQOL). The TAAQOL is a questionnaire that measures generic 

HRQoL in people aged 16 years and older, designed by the TNO Institute of Prevention 

and Health and the Leiden University Hospital (TNO-AZL). The questionnaire focuses 

on health problems in the past month, and, if present, the wellbeing in relation to the 

health problem is assessed. The questionnaire contains 12 multi-item scales; gross and 

fine motoric functioning, cognitive functioning, sleep, pain, social functioning, daily 

activities, sexuality, vitality, positive emotions, depressive emotions and aggressive 

emotions. The raw scale scores are converted to 0–100; higher scores indicating better 



Chapter 3   

~ 50 ~ 

HRQoL. Validity and reliability of the questionnaire is satisfactory [21]. The HRQoL in 

the cohort of adults in this study was compared to norm data from the general Dutch 

population aged 16 years or older gathered through a random sample of Dutch 

households drawn from the national telephone registry, provided by Fekkes and 

colleagues [21]. We used the age group 20–44 years (N = 2006, 40% male). 

Patients (age 8 years and older) and mothers of pediatric patients (age 4–17 years) were 

asked to also complete the DISABKIDS chronic generic module. This questionnaire 

deals with HRQoL in children with different chronic health conditions and addresses 

HRQoL aspects that pertain to chronic conditions in general. A 5-point scale of smiley 

faces response scale is used for children 4–7 years old, proxy-report, resulting in a single 

total score (score range 6–30). The questionnaire contains 7 multi-item scales for 

patients ≥8 years old; independence (score range 6–30), emotion (7–35), social 

understanding/inclusion (6–30), social stigma/exclusion (6–30), limitations (6–30), 

impact treatment (6–30) and a scale representing a total score (37–185). Higher scores 

indicate a better HRQoL. The DISABKIDS chronic generic module instrument has a 

satisfactory validity and reliability for children aged 4 to 16 years old [22,23]. In our 

study patients aged 18 years and older were asked to complete a modified form of the 

DISABKIDS questionnaire; substantive changes to the questionnaire were not made, 

only textual (grammatical) changes were made to fit the age of the participant. 
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Statistical analysis 

For all analyses the Statistical Package for Social Sciences (SPSS) Windows version 19 

was used. Data were recorded on online data collection forms and entered after 

validation in a computer system for subsequent tabulation and statistical analysis. 

 

Pre-analysis 

First, the internal consistency of the scales was calculated. Scales with Cronbach's Alpha 

lower than 0.5 were not included in the analyses. Second, chi square-tests were 

conducted to test differences between the different groups with respect to gender. 

Because no significant differences were found, correction for gender was not necessary 

in the further analyses. In addition, Mann–Whitney U tests were conducted to test 

differences between those patients who completed the questionnaires at both time 

points and those who only participated at baseline; regarding age, allowed daily protein 

intake and HRQoL. 

 

Analysis used to evaluate the HRQoL of patients with PKU compared to the general 

population 

To compare HRQoL of PKU patients to the general population (our first aim of the 

study), Mann–Whitney U tests (due to skewed distribution of the data) were performed 

for the scale scores of the PedsQL and TAAQOL at first measurement, before 

responsivity testing. Because the norm data of the PedsQL consisted of patients aged 5–

17 years old, patients with PKU aged 4 years old were left out of the comparison. The 

DISABKIDS questionnaire is not intended for healthy children; therefore comparison 

with the general population was not possible. 
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Analysis used to get an indication of the effects of treatment with BH4 on HRQoL 

The effect of BH4 treatment (our second aim of the study) was evaluated in two ways; 

within-group comparisons and between-group comparisons as follows. Within the 

treated BH4 responsive patients, differences between results before and after 

responsivity testing regarding their scores on the PedsQL and the DISABKIDS were 

tested using Wilcoxon signed rank tests. Between-group comparisons were assessed 

regarding difference in the scores of the PedsQL and DISABKIDS between the treated 

BH4-responsive patients and the unresponsive patients at the second measurement 

(after responsivity testing) using Mann–Whitney U tests. The effect of BH4 treatment 

could not be evaluated in the adult PKU patients because of too small sample size. 

We displayed mean score with standard deviation for descriptive purposes. To adjust for 

multiple testing, a significance level of p=0.01 was used for all tests. Significance levels 

of p=0.05 are reported as trends. 
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RESULTS 

Participants 

Demographics 

A total of 226 sets (patient information forms) were distributed to the physicians to 

invite patients to enter in the study. We do not know how many sets were actually sent 

out (the response rate therefore might be higher), but 81/226 (36%) patients consented 

to participate in the study and received a personal code to enter the study website. 69/81 

(85%) patients or mothers of pediatric patients completed the questionnaires before 

BH4 responsivity testing. The patient group consisted of 33 males and 36 females, with 

ages ranging from 4 to 44 years (mean: 18.4 years; SD: 10.2 years). 45/69 (65%) 

patients or mothers completed the questionnaires again 17–24 months after being 

tested for BH4 responsivity. This group consisted of 20 males and 25 females, with ages 

ranging from 6 to 43 years (mean: 19.3 years; SD: 10.4 years). 

The patients who completed the questionnaire before and after BH4 testing (n = 45) did 

not differ from those only completing the questionnaires before BH4 testing (n = 24) 

regarding age, gender, allowed daily protein intake and HRQoL. 

 

BH4 responsivity 

Of the patients who completed the questionnaires before and after being tested for BH4 

responsivity, 10/45 (22%) patients were found to be BH4 responsive (mean age 13.8 

years and SD: 9.7). Eight of these patients reported their intake of natural protein before 

and after the start of treatment. After the start of BH4 treatment the mean intake of 

natural protein increased from 14.2 (SD: 7.9) to 58.3 (SD: 27.7) grams of natural protein 

per day (p = 0.012, Z = 2.52, according to the Wilcoxon signed rank test). Four patients 

were able to fully relax their diet after the start of treatment. Of the 10 responsive 

patients, amino acid supplementation could be stopped in three patients, reduced >60% 

in three patients and a reduction of <20% was achieved in two patients. Of two patients 

the amino acid supplement intake before and after start of BH4 treatment were 
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unknown. The group of unresponsive patients did not demonstrate an increased natural 

protein intake since the first report; from 10.4 (SD: 4.5) grams before responsivity 

testing to 12.7 (SD: 14.8) grams of protein afterwards (p = 0.303, Z = 1.03). 

 

Health related quality of life 

HRQoL in patients with PKU compared to the general population 

Children  

Overall, the HRQoL of patients aged 5–12 measured with the PedsQL was comparable to 

the general population. Remarkably, patients aged 13–17 reported overall a significantly 

higher HRQoL score than the general population. The mothers of children aged 5–7 

reported a trend towards lower HRQoL scores on the scales “school- and social 

functioning”. Patients aged 8–12 reported a significantly higher HRQoL score on the 

“physical functioning” scale. Patients aged 13–17 years reported a significantly higher 

HRQoL score on both the “total” scale and on “psychosocial functioning” compared to 

the general population. Furthermore, in patients aged 13–17 a trend towards a higher 

HRQoL score was found on the scales “social functioning” and “school functioning” 

(Table 1). 

 

Adults 

The total HRQoL of adult patients measured with the TAAQOL questionnaire was 

comparable to the general population. However, the adults with PKU reported a 

significantly lower HRQoL score on the “cognitive functioning” scale (Table 2). 
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Table 1. HRQoL in pediatric PKU patients before testing BH4 responsiveness: PedsQL 

scores of patients with PKU versus the general population  

 

 

 PKU Patients General Population˙ 

Age Group 5-7  8-12  13-17  5-7  8-12  13-17  

N 10 15 14 92 219 185 

 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Total 75.0 19.2 81.9 13.8 91.3* 8.0 84.2 9.0 82.1 8.9 82.2 9.1 

Physical 

functioning 

- - 93.8* 10.0 - - - - 84.9 9.3 - - 

Emotional 

functioning 

74.0 18.9 - - - - 75.8 13.3 - - - - 

Social functioning 69.4° 21.9 - - 95.7° 6.5 86.2 12.2 - - 89.4 11.6 

School functioning 71.3° 19.0 - - 84.6° 14.1 85.5 11.6 - - 74.6 13.2 

Psychosocial 

functioning 

71.7 17.9 - - 88.8* 9.8 82.5 9.9 - - 80.2 10.2 

˙ Engelen V, Haentjens MM, Detmar SB, Koopman HM, Grootenhuis MA: Health related quality of life of Dutch 

children: psychometric properties of the PedsQL in the Netherlands. BMC Pediatr 2009, 9:68. 

- Results of scales with Cronbach Alpha < 0.50 were not provided. 
HRQoL of 5-7 year old patients is assessed by proxy by their mothers 
HRQoL in the other age groups are self-reported. 
° p < 0.05 and * p < 0.01 
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Table 2. HRQoL in adult PKU patients before testing BH4 responsiveness: TAAQOL 

scores of patients with PKU versus the general population  

 

 

˙ Fekkes M, Kamphuis RP, Ottenkamp PJ: Health-related quality of life in young adults with minor congenital heart 

disease. Psychology & Health 2001, 16:239-250. 

¹ 1898 = complete cases, patients with scores on all scales. Number of cases varies from 1952 (Sexuality) to 2004 
(Pain). 
* p < 0.01 

 PKU group General Population˙ 

Age in Years (mean (SD)) 28.5 (6.1) 33.4 (6.5) 

N 30 1898¹
 

 Mean SD Mean  SD 

Gross motoric functioning 92.9 14.2 92.5  16.3 

Fine motor functioning 97.3 8.5 98.2  8.1 

Cognitive functioning 67.3* 31.0 87.0  20.2 

Sleep 73.8 24.0 77.1  24.3 

Pain 72.3 20.5 78.2  20.8 

Soc functioning 89.2 12.9 87.2  17.8 

Daily activities 83.8 23.6 85.4  22.4 

Sexuality 90.4 20.4 87.6  23.1 

Vitality 67.5 17.1 66.5  22.1 

Positive emotions 75.3 18.1 68.3  20.9 

Depressive emotions 77.8 19.7 79.8  19.5 

Aggressive emotions 84.8 18.3 87.5  16.5 
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Effects of BH4 treatment on HRQoL 

Children — generic HRQoL 

No difference was found in the generic HRQoL (self and mother report) of BH4 

responsive patients measured with the PedsQL questionnaires before versus after the 

start of BH4 treatment (Table 3). Furthermore, no significant difference was found in 

the HRQoL of treated BH4 responsive patients versus unresponsive patients at the 

second measurement (Table 4). 

 

Adults — generic HRQoL 

The TAAQOL data could not be used for analysis, because of the small number of 

patients (N = 3). 

 

Children and adults — questionnaire for the chronically ill 

BH4 responsive children (self and proxy reports) and adults showed no significant 

differences in scale scores on the DISABKIDS before treatment compared to after the 

start of treatment (Tables 5 and 6). In addition, no differences were found between the 

DISABKIDS scale scores of treated BH4 responsive patients and unresponsive patients 

at the second measurement, after responsivity testing (Tables 7 and 8). 
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Table 3. HRQoL of BH4-responsive pediatric PKU patients before versus after testing 

for BH4 responsiveness (and after start of BH4 treatment) measured by the PedsQL  

 

 

 Self-report (8-17 year old) Proxy-report (4-17 years old) 

 Before testing After testing Before testing After testing 

N 5 5 6* 6 

 Mean SD Mean SD Mean SD Mean SD 

Total 91.3 6.4 87.2 4.9 84.2 13.4 87.1 8.4 

Physical functioning 99.4 1.4 98.8 2.8 91.1 14.2 97.7 2.6 

Emotional functioning 84.0 8.2 78.0 17.9 76.4 13.5 75.8 21.2 

Social functioning 90.0 14.6 93.0 5.7 84.2 21.3 85.8 16.9 

School functioning 87.0 10.4 72.0 5.7 80.8 13.2 82.5 11.3 

Psychosocial functioning 87.0 9.7 81.0 8.0 94.2 8.2 91.7 4.7 

No significant difference on any of the scales is found. 
Pediatric patients that proved BH4 responsive n=7  (age 4-7 n=2; age 8-12 n=2; age 13-17 n=3).  
* One mother did not complete the PedsQL in 2011 and therefore could not be included in this analysis. 
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Table 4. HRQoL of BH4-responsive versus unresponsive pediatric PKU patients after 

testing for BH4 responsiveness (and after start of BH4 treatment if responsive) 

measured by the PedsQL  

 

 

 Self-report (8-17 year old) Proxy-report (4-17 years old) 

 BH4  

responsive 

BH4  

unresponsive 

BH4  

responsive 

BH4  

unresponsive 

N 5 14 6* 20 

 Mean SD Mean SD Mean SD Mean SD 

Total 87.2 4.9 85.0 14.2 87.1 8.4 81.7 16.6 

Physical functioning 98.8 2.8 93.5 11.5 97.7 2.6 86.4 17.4 

Emotional functioning 78.0 17.9 81.8 18.1 75.8 21.2 78.6 21.5 

Social functioning 93.0 5.7 88.2 16.9 85.8 16.9 84.8 18.7 

School functioning 72.0 5.7 71.4 21.0 82.5 11.3 73.5 20.0 

Psychosocial functioning 81.0 8.0 80.5 16.1 91.7 4.7 79.3 17.3 

No significant difference on any of the scales is found. 
Pediatric patients proven BH4 responsive n=7 (Age 4-7 n=2; age 8-12 n=2; age 13-17 n=3).  
* One mother did not complete the PedsQL in 2011 and therefore could not be included in this analysis. 
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Table 5. HRQoL of BH4-responsive PKU patients before versus after testing for BH4 

responsiveness (and after start of BH4 treatment) measured by the DISABKIDS 

questionnaire self-report (≥ 8 years) 

 

 8-17 years Adult 

 Before testing After testing Before testing After testing 

N 5 5 3 3 

 Mean SD Mean SD Mean SD Mean SD 

Total 159.6 10.4 160.2 16.0 152.0 20.3 163.3 16.3 

Independence 26.2 2.6 25.0 1.7 25.7 2.9 27.7 2.5 

Emotion 29.4 3.4 31.0 5.6 28.7 4.2 30.0 4.6 

Social understanding/inclusion 25.4 2.6 26.0 2.9 24.7 1.5 25.7 2.1 

Social stigma/exclusion 27.0 2.2 27.0 2.9 28.3 1.5 28.3 1.5 

Limitations - - - - - - - - 

Impact treatment 25.0 3.8 24.0 7.0 21.0 7.5 24.3 6.7 

No significant difference on any of the scales is found. Analysis were performed for the group of patients 8-17 
years old and adults as a whole. 
- Results of scales with Cronbach Alpha < 0.50 were not provided. 
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Table 6. HRQoL of BH4-responsive pediatric PKU patients before versus after testing 

for BH4 responsiveness (and after start of BH4 treatment) measured by the DISABKIDS 

questionnaire proxy-report (mothers of patients 4-17 year old) 

 

 4-7 years  8-17 years 

 Before testing After testing Before testing After testing 

N 2 2 4* 4 

 Mean SD Mean SD Mean SD Mean SD 

Total 21.0 5.7 25.0 2.8 166.2 10.2 153.0** 15.6 

Independence     27.6 2.1 26.8 1.5 

Emotion     30.0 4.2 31.5 5.7 

Social understanding/inclusion     26.8 3.0 26.5 1.3 

Social stigma/exclusion     28.8 1.3 27.3 2.2 

Limitations     27.4 1.5 23.8 9.2 

Impact treatment     25.6 4.6 21.7** 8.5 

No significant difference on any of the scales is found.  
Group 4-7 years old were not statistically analysed due to the small number of patients. 
Pediatric patients proven BH4 responsive n=7. (Age 4-7 n=2; age 8-12 n=2; age 13-17 n=3).  
* One mother did not complete the DISABKIDS in 2011 and therefore could not be included in this analysis. 
** n = 3 because one mother did not complete this scale of the DISABKIDS in 2011. 
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Table 7. HRQoL of BH4-responsive versus unresponsive PKU patients after testing for 

BH4 responsiveness (and after start of BH4 treatment if responsive) measured by the 

DISABKIDS questionnaire self-report (≥ 8 years) 

 

 

 8-17 years Adult 

 BH4 

responsive 

BH4 

unresponsive 

BH4 

responsive 

BH4 

unresponsive 

N 5 16 3 13 

 Mean SD Mean SD Mean SD Mean SD 

Total 160.2 16.0 153.1 19.8 163.3 16.3 153.4 26.6 

Independence 25.0 1.7 25.3 4.4 27.7 2.5 25.5 4.7 

Emotion 31.0 5.6 28.8 6.1 30.0 4.6 29.4 6.6 

Social 

understanding/inclusion 

26.0 2.9 23.9 4.5 25.7 2.1 24.0 4.2 

Social stigma/exclusion 27.0 2.9 27.1 3.0 28.3 1.5 26.8 4.3 

Limitations - - - - - - - - 

Impact treatment 24.0 7.0 23.0 4.3 24.3 6.7 23.2 6.5 

No significant difference on any of the scales is found.  
Analyses were performed for the group of patients 8-17 years old and adults as a whole. 
- Results of scales with Cronbach Alpha < 0.50 were not provided. 
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Table 8. HRQoL of BH4-responsive versus unresponsive pediatric PKU patients after 

testing for BH4 responsiveness (and after start of BH4 treatment if responsive) 

measured by the DISABKIDS questionnaire proxy-report (mothers of patients 4-17 year 

old) 

 

 

 4-7 years 8-17 years 

 BH4 

responsive 

BH4 

unresponsive 

BH4 

responsive 

BH4 

unresponsive 

N 2 6 4* 13*** 

 Mean SD Mean SD Mean SD Mean SD 

Total 25.0 2.8 22.3 4.4 153.0** 15.6 153.3 25.9 

Independence     26.8 1.5 26.1 4.0 

Emotion     31.5 5.7 28.8 7.5 

Social 

understanding/inclusion 

    26.5 1.3 24.6 4.1 

Social stigma/exclusion     27.3 2.2 26.5 3.9 

Limitations     23.8 9.2 25.3 5.0 

Impact treatment     21.7** 8.5 22.0 5.4 

No significant difference on any of the scales is found. 
*One mother did not complete the DISABKIDS in 2011 and therefore could not be included in this analysis 
** n = 3 because one mother did not complete this scale of the DISABKIDS in 2011 
*** Three mothers did not complete the DISABKIDS in 2011 and therefore could not be included in this analysis. 
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DISCUSSION 

Our study demonstrates that children and adults with PKU have a generic HRQoL 

comparable to or better than the general population, as assessed by the PedsQL and 

TAAQOL questionnaires. This is not an unexpected finding: most studies evaluating 

HRQoL of PKU patients report normal scores [14,16,17]. It is yet unclear whether this 

truly reflects HRQoL of the patients, or if this results from the use of generic 

questionnaires which do not detect the possible negative consequences of “hidden 

disabilities” experienced by these patients such as difficulties in planning, organizing 

and reduced processing speed, which may affect treatment adherence, social 

relationships, and job performance [24].  

Remarkably, in the present study children between the ages 13 to 17 years reported a 

significantly better HRQoL regarding total and psychosocial functioning and a trend 

towards better school functioning and social functioning. This may be explained by 

response shift. PKU patients grow up with the knowledge that incompliance with the 

diet will be harmful to their health and abilities. Therefore, they may appreciate their 

own abilities more than healthy children, possibly resulting in better HRQoL because of 

this response shift [25]. In contrast, mothers reported a trend towards worse HRQoL 

regarding school functioning in their 5–7 year old children. This may well be true, or 

may be the result of their knowledge that patients with PKU have on average a lower IQ 

than the norm [26–28], or it may be an expression of their worries about the cognitive 

functioning of their child as was recently reported by Thimm et al. [17]. 

Adult patients reported a significantly lower HRQoL with respect to cognitive 

functioning compared to the general population. This is a new finding, even though in a 

previous study a group of Dutch adult patients demonstrated a trend towards a lower 

score [14]. On the one hand, this lower HRQoL may result from the lower mean IQ 

found in patients with PKU [29–31] or from the executive function deficits 

demonstrated even in treated patients [32]. On the other hand, this particular HRQoL 

scale of the TAAQOL has a strong focus on concentration. It is possible that patients 

have become more aware of problems with concentration, since the negative effects of 

higher Phe values on sustained attention have been extensively discussed on PKU fora 
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and within the Dutch PKU society [33]. Furthermore, this may be a reflection of worries 

about their cognitive functioning [34] also possibly leading to response shift [25]. 

The latest breakthrough in the treatment of patients with PKU has been the introduction 

of BH4. With the introduction of new treatments, the primary outcome in studies will 

most often be the biochemical outcomes. However, the effect on quality of life of the 

patients may well be considered the crucial outcome. 

In our patient group the introduction of BH4 caused high expectations, followed by 

strong positive emotions in responsive patients, and strong negative emotions in 

unresponsive patients who lost the perspective of relaxation of the diet. From clinical 

experience it is thought [35] that it takes several months for the unresponsive patients 

to overcome their disappointment and for the responsive patients to adapt to the more 

relaxed diet. To avoid effects of these emotions on our measurements [35] and to 

measure in a stable situation only, we chose to evaluate the HRQoL of patients before 

and at least one year after the BH4 responsivity test; which in practice was 17–24 

months after the test (and start of BH4 treatment if responsive). 

To evaluate the effects of BH4 on the quality of life of the patients several comparisons 

were made. No differences between HRQoL scores before and after the start of BH4 

treatment were found within the group of BH4 responsive patients. Also, no differences 

were found between the treated BH4 responsive patients and the unresponsive patients 

at the second measurement. This confirms the findings of Ziesch et al. [35] who also 

evaluated the effects of BH4 treatment in patients with PKU and found no significant 

effects. However, in that study HRQoL was measured on time points more closely to 

responsivity testing: the first day of the preparation for the BH4 responsivity test and 42 

and 90 days after responsivity testing. 

We had expected to find effects of treatment with BH4 on the HRQoL of the patients. 

Patients in our clinics could increase their daily protein intake 4 fold and during 

outpatient clinic visits spontaneously report a major increase of freedom and 

spontaneity in their lives. However, even on item base in the “limitations” section of the 

DISABKIDS questionnaire, no significant changes are seen. The fact that we did not 

demonstrate an effect may have several reasons. There may be a “ceiling effect”: the 
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reported HRQoL of the patients was already excellent, even before the responsivity 

testing, and there may be no room for further improvement.  

There are a number of limitations to this study as well. First, the study design, using the 

available generic HRQoL questionnaires because of lack of a PKU specific HRQoL 

questionnaire, was not optimal for studying the effect of BH4 treatment. However, the 

introduction of BH4 in 2009 necessitated this timing of our study. Second, selection 

bias and lost to follow-up could have been a threat to the generalizability and validity of 

the results. Although we found no differences regarding age, gender, allowed protein 

intake and HRQoL between those who completed the questionnaires before and after 

BH4 testing versus those who were lost to follow-up, no information is available about 

patients who did not participate at all. Also, from the patients lost to follow-up, we do 

not know how many would have turned out to be BH4 responsive. Third, the statistical 

power was limited due to the small sample size, which is a common problem in studies 

with patients with inborn errors of metabolism. Based on this study, it is not possible to 

conclude that BH4 use does not improve the HRQoL of patients. We may not have had 

the power to detect a true difference between treated BH4 responsive patients, either 

before and after treatment or versus unresponsive patients, even if such a difference 

existed. Fourth, it must also be pointed out that not all outcome measures could be used 

in the analyses because of unsatisfactory internal consistency of several HRQoL scales in 

this relatively small cohort (Cronbach Alpha b0.50). A final limitation may be that we 

did not collect the blood Phe values of the patients at the time of answering the 

questionnaires, yet these might have been valuable due to the proven effect on mood 

[36]. Despite the good HRQoL in our population, it may still be important to monitor 

patients' quality of life during clinical practice and to be attentive to changes as a result 

of development and treatment. More studies, using a PKU specific HRQoL 

questionnaire and a meta-analysis are needed and could provide a definitive conclusion 

regarding the effect of BH4 use on HRQoL. 

In conclusion, this cohort of Dutch patients with PKU overall demonstrated a normal to 

better HRQoL when compared to the general population. However, the adult patients 

showed significantly lower scores on the domain of cognitive functioning. With the 

currently available questionnaires and given the limitations of the study, an 
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improvement in HRQoL of patients with PKU could not be demonstrated after at least 

17 months of treatment with BH4. 
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