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Abstract

Introduction: Phenylketonuria (PKU) is caused by the deficient activity of phenylalanine hydroxylase. Aim: To identify the factors
associated with treatment adherence among patients with PKU seen at a southern Brazil reference center. Methodology: A
cross-sectional, outpatient-based study including 56 patients with PKU (median age, 12 years) for whom a Phe-restrict diet
plus specific metabolic formula have been prescribed. Patients were considered adherent or nonadherent depending on the
median phenylalanine concentration for the 12 months prior to study and target levels of phenylalanine for each age range
(<13 years = <360 umol/L; 213 years = <900 umol/L). Data were collected through a review of patient’s medical records
and a set of interviews with patients and their relatives. Results: Eighteen patients (32.1%; 213 years, | 1) were classified as
treatment adherent. Among all factors analyzed, only mental retardation, living with parents, and level of maternal education
were associated with adherence to treatment. Conclusion: Our findings reinforce the importance of the family as promoting

factor for treatment adherence.
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Introduction

Phenylketonuria (PKU; OMIM 261600) is an inborn error of
metabolism caused by the deficient activity of the enzyme phe-
nylalanine hydroxylase (EC1.14.16.1), which catalyzes con-
version of the amino acid phenylalanine (Phe) into tyrosine.
Consequently, patients develop elevated serum concentration
of Phe, which is toxic to the central nervous system. Currently,
most cases of PKU are diagnosed through neonatal screening
programs.' Screening of PKU usually consists of measurement
of Phe concentration in blood spotted on filter paper, preferably
between the third and the seventh day of life.>”

Management of PKU consists of a Phe-restricted diet—
including the use of a specific metabolic formula (MF) contain-
ing amino acids and micronutrients, but free of Phe—adjusted
individually according to target Phe levels for each age range,”
which should usually be followed throughout the patient’s life.”
With early diagnosis and treatment, patients are practically
asymptomatic.! In untreated patients, the most common clini-
cal manifestation is mental retardation; hyperactivity, autism,

pyramidal tract signs, tremor, seizures, and microcephaly are
also common. "

Adherence to PKU dietary treatment is usually estimated by
comparing the patient’s serum Phe concentration with target
levels recommended in the literature.* In many chronic
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conditions, treatment adherence decreases over time, and the
finding that Phe concentration increases with age shows that
PKU is no exception.” This may be due to poor understanding
of dietary restrictions, decreased motivation to comply with
treatment, and inability to cope with the disease. Adherence
to PKU treatment may also be influenced by factors such as
education, religion, socioeconomic circumstances—such as
access to specific products for management of PKU, family
income, and housing conditions—and also by the patient’s rela-
tionship with and trust in his or her team of health care provi-
ders.”® Patients with separated or divorced parents, for
instance, may have higher Phe levels.” This study sought to
identify the factors associated with treatment adherence in
patients with PKU seen at a reference center in Southern Brazil.

Methods

The present study employed a cross-sectional, outpatient-based
design and was approved by the local Research Ethics Commit-
tee. After informed consent forms had been signed, all neces-
sary information was obtained through a review of patients’
medical records and interviews with patients and their rela-
tives. Data were collected over a 12-month period.

The study sample included patients with a diagnosis of
PKU followed up at Medical Genetics Service-Hospital de
Clinicas de Porto Alegre/Brazil outpatient PKU clinic. The
PKU clinic, which has been operating since 1991, has a multi-
disciplinary team (consisting of physicians, a dietitian, a
social worker, a psychologist, and several undergraduate and
graduate students of health-related programs) and currently
includes 65 patients—approximately half of the patients with
PKU currently being treated for the condition in the state of
Rio Grande do Sul, Brazil. Patients in the first year of life are
seen at the clinic at least every month, those aged 1 to 18 years
have appointments at least every 3 months, and adult patients
are seen at least twice a year. Of the 65 patients, 4 presented
off-diet values of Phe <360 UL/L and did not need any dietary
intervention; therefore, they were not included in the study.
As 5 patients declined to be included, 56 patients composed
the total sample.

Classification of PKU phenotype was based on serum con-
centration of Phe at diagnosis (before treatment); patients
with Phe levels >1200 pmol/L were classified as having
classical PKU, and those with Phe levels between 360 and
1200 pmol/L were classified as having mild PKU. Patients for
whom data on Phe levels at diagnosis were unavailable were
classified as having “PKU of undefined type.” '’

Patients were classified as treatment adherent or nonadher-
ent according to the comparison between the median Phe
levels over the past 12 months of follow-up and the target Phe
concentration adopted in the clinic* as well as to the number
of Phe measurements performed in the period. Patients
younger than 18 years who underwent fewer than 3 Phe mea-
surements over the 12-month follow-up period were consid-
ered nonadherent to treatment, regardless of median Phe
level; adult patients required at least 2 yearly Phe

measurements to be considered adherent. Patients under the
age of 13 were required to have serum Phe levels of <360
pmol/L (target value for this age range), and those 13 or older
were required to have a median Phe level of <900 pmol/L
(target value for this age range). The presence/absence of
mental retardation was acknowledged according to the assis-
tant physician’s opinion as noted in each patient’s records; no
IQ tests were available.

Questionnaires

Three questionnaires (I, II, and III) devised by the PKU clinic
multidisciplinary team, mostly comprising multiple-choice
questions, were administered to patients and/or their relatives.
These questionnaires are available as a supplementary material.

Questionnaire I was administered only to patients aged 12 or
older (or, when the patient’s cognitive abilities were insufficient
to allow completion, to his or her parents) and contained ques-
tions on family history and socioeconomic conditions, educa-
tional level, intrafamilial variability, and access to the MF.

Questionnaires II and Il comprised 12 questions each meant
to assess the understanding of PKU (8 questions), the descrip-
tion of the PKU diet (2 questions), and main challenges to treat-
ment adherence (2 questions). Questionnaire II should be
answered by the main caretaker of patients aged younger than
12 years or of patients presenting neurological compromise,
while questionnaire III should be answered by patients aged
12 or older when cognitive ability allowed. Knowledge about
PKU was classified according to the answers provided to the
8 questions aiming at evaluating it (1 point was given to each
correct answer): satisfactory (7-8 points), fair (4-6 points), and
unsatisfactory (<4 points).

Statistical Analysis

Statistical analysis was carried out using SPSS for Windows,
version 18.0 (SPSS Inc, Chicago, Illinois). Continuous vari-
ables were expressed as mean + standard deviation or median
and interquartile range. The chi-square and Fisher exact tests
were used to test for association between categorical variables.
Adjustment for confounding factors was accomplished with the
use of Poisson regression to test for association between vari-
ables. The Mann-Whitney U test was used for comparison of
independent samples. Correlation between parameters was
assessed with Spearman correlation coefficient. The level of
significance was P < .05.

Results

Of the 56 patients included (Table 1), 31 were aged 0 to 13
years, 13 were aged 13 to 18 years, and 12 were older than
18 years. Median age at inclusion was 12 years (interquartile
range, 9-17 years; range, 0-56 years), and at diagnosis, 2 months
(interquartile range, 1-19.2 months; range, 0.6-137 months).
Forty-nine patients had been born to unrelated families, and
consanguinity was present in 10 (20.4%) of 49 families. As for
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Table 1. Demographic and Social Characteristics of Patients With
Phenylketonuria According to Their Treatment Adherence.?

Adherent Nonadherent
Characteristics (n=18),n (%) (n=38),n (%) P
Age at inclusion (n = 56) .088°
2|3 years 11 (44.0) 14 (56.0)
<13 years 7 (22.6) 24 (77.4)
Gender (n = 56) 579°
Male 9 (29.0) 22 (71.0)
Female 9 (36.0) 16 (64.0)
Origin (n = 56) 1.000¢
Rural area 2 (33.3) 4 (66.7)
Urban area 16 (32.0) 34 (68.0)
Housing (n = 56) .759¢
Owned 16 (34.8) 30 (65.2)
Rented | (20.0) 4 (80.0)
Shared I (20.0) 4 (80.0)
Maternal educational 899°
achievement (in years of
schooling; n = 55)¢
4 years or less 5(33.3) 10 (66.7)
5 to 8 years 5(294) 12 (70.6)
9 to 12 years 6 (31.6) 13 (68.4)
>|2 years 2 (50.0) 2 (50.0)
Paternal educational 695°¢
achievement (in years of
schooling; n = 52)¢
4 years or less 5 (26.3) 14 (73.7)
5-8 years 3(27.3) 8 (72.7)
9-12 years 8 (44.4) 10 (55.6)
>|2 years | (25.0) 3 (75.0)
Patients’ educational 667°¢
achievement (in years of
schooling; n = 56)
0-4 years 6 (26.1) 17 (73.9)
5-8 years 5@31.3) 11 (68.8)
9-12 years 3 (50.0) 3 (50.0)
Special education 4 (36.4) 7 (63.6)
Economic class’ (n = 50) .500°
Class B 9 (37.5) 15 (62.5)
Class C 6 (25.0) 18 (75.0)
Class D I (50.0) I (50.0)
’n = 56.

PChi-square test.

“Fisher exact test.

9One patient did not answer the question on maternal educational
achievement.

°Four patients did not answer the question on the paternal educational
achievement.

*Economic class was established according to the Brazilian Economic Classification
Criterion developed by the Brazilian Association of Research Companies (Asso-
ciagdo Nacional de Empresas de Pesquisa), which uses acquisition of consumer
goods (as a surrogate for family purchasing power) and educational achievement
of the head of household. No families could be classified into class A. Six families
were not classified, as they did not answer the questions meant to assess eco-
nomic status.

PKU phenotype, 32 patients (58.9%) were classified as having
classical PKU and 17 (28.6%) as having mild PKU; disease
subtype was undefined in the 7 remaining patients.

Regarding adherence to treatment, 18 (32.1%) patients were
considered adherent (median current age, 13 years; interquartile

range, 7.7-17), with a median age at diagnosis of 3.0 months
(interquartile range, 1.54-13.25; only 4 [22.2%] patients were
diagnosed through newborn screening). Thirty-eight patients
were considered nonadherent (median current age, 11.5 years;
interquartile range, 9-18), with a median age at diagnosis of
2.0 months (interquartile range, 1.38-2; only 8 [21%] patients
were diagnosed through newborn screening; Table 1).

There was no difference in frequency of clinical manifesta-
tions between the adherent and the nonadherent groups (data
not shown). Mental retardation was the most common clinical
manifestation found (Table 2).

The association between clinical manifestations of PKU and
age at diagnosis, and with median serum Phe concentration in
the first 12 months after diagnosis, showed that the later the
diagnosis, the higher the risk of mental retardation and that the
higher the concentration of Phe, the higher the risk of mental
retardation, hyperactivity, and seizures (Table 2). The same
analysis was performed on median Phe concentration for the
12 months preceding the inclusion in the study; the only signif-
icant association was with mental retardation (risk ratio [RR]
1.19, 95% confidence interval [CI] 1.03-1.20, p = 0.004).

Demographic and Social Characteristics

A summary of demographic and social characteristics of the
study sample according to treatment adherence is shown in
Table 1. Patients whose mothers had a lower educational
level—namely, less than 4 years of formal education—were
at a greater risk of treatment nonadherence. Adjusted analysis
of the association between sociodemographic characteristics
and treatment adherence showed an association between edu-
cational achievement and adherence; patients whose mothers
had 4 years of formal education or less were at greater risk
of nonadherence (RR 1.59, 95% CI 1.01-2.51, P = .044).

Origin

Mean distance between patient residence and the PKU clinic
was 329.57 + 95.45 km. Among nonadherent patients living
in the countryside (n = 22), mean distance was 118.13 +
193.08 km versus 207.06 + 208.60 km in the treatment-
adherent group living in the countryside (n = 11; P = .792).
Also, the distance between the patient’s town of origin and
the PKU clinic did not correlate with median Phe concentra-
tion in the 12 months prior to study inclusion (adherent
patients, n = 18, r = —.12, P = .629; nonadherent patients,
n=34,r=.06, P =.72).

Living With Relatives

Most patients (n = 38 of 55, 69.1%) lived with both parents; of
these, 22 (57.9%) did not adhere to treatment. Among patients
who lived with only one parent (n = 17/55, 30.9%), 15 (27.3%)
were nonadherent (P = .027). Adjusted analysis of this variable
revealed that living with both parents is a protective factor for
treatment adherence (RRs 0.59, 95% CI 0.39-0.80, P = .001).
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Table 2. Clinical Manifestations of Phenylketonuria and Their Association With Age at Diagnosis and With the Phenylalanine Concentration in

the First 12 Months of Follow-Up.?

Median Phe in the First 12 Months

Age at Diagnosis

RR Cl (95%) P RR Cl (95%) P
Mental retardation (n = 21I) 1.066 1.024-1.111 .002 1.005 1.001-1.009 .006
Learning disability (n = 18) 1.063 0.978-1.155 .149 0.990 0.979-1.002 .103
Hyperactivity (n = 9) 1.174 1.070-1.289 .001 0.989 0.977-1.101 .079
Microcephaly (n = 8) 0.870 0.727-1.042 .130 1.012 0.995-1.028 .169
Seizures (n = 8) [.151 1.017-1.303 .026 0.988 0.974-1.002 .087
Low weight (n = 7) 0.885 0.744-1.053 .169 1.014 0.999-1.029 .066
Short stature (n = 6) 0.935 0.760-1.151 .526 1.013 0.999-1.027 .080
Aggressiveness (n = 6) 1.082 0.978-1.196 125 1.004 0.992-1.016 .509
Attention deficit (n = 4) 1.240 1.009-1.523 .041 0.982 0.957-1.008 .170

Abbreviations: RR, relative risk; Cl, confidence interval.
’n = 48.
®Poisson regression.

Table 3. A Clinical Summary of Patients With Phenylketonuria Included in this Study Who Are Siblings.®

Family/Patient Current Age, yr Gender Adherence to Treatment Early/Late Diagnosis Knowledge of PKU®
Al 10 Male No Early Fair

A2 14 Male Yes Early Fair

Bl 09 Male No Early Fair

B2 14 Female No Late Fair

B3 17 Male Yes Late Unsatisfactory

Cl 17 Female Yes Late Unsatisfactory

Cc2 21 Male No Late Fair

DI 8 Male No Late Fair

D2 14 Male Yes Late Satisfactory

Abbreviation: PKU, phenylketonuria.
?n = 9 patients from 4 families.

®According to the questionnaire devised for this research: satisfactory (7-8 points), fair (4-6 points), and unsatisfactory (<4 points).

This variable was not assessed in one patient who lived alone.
There was no significant difference in treatment adherence
between patients who have siblings and those who did not
(P =.394).

Intrafamilial Variability

Of the siblings included in the study (n = 16, from 4 families),
9 diverged in compliance (from families A, B, C, and D) and
are described in Table 3.

Knowledge of PKU

The questions related to knowledge of PKU were answered by
37 caretakers (questionnaire II) and by 19 patients (question-
naire III). Since we had one questionnaire per patient, we ana-
lyzed both questionnaires together. In the treatment-adherent
group (n = 18 of 56), 9 (50%) questionnaires showed that the
respondent had satisfactory knowledge of PKU, 6 (33.3%)
showed that the respondent had fair knowledge of the condi-
tion, and 3 (16.7%) showed that the respondent had an unsatis-
factory understanding of the disease. In the nonadherent group

(n = 38 of 56), these numbers were 14 (41.8%), 20 (54.1%),
and 3 (8.1%), respectively. There was no significant difference
in knowledge of PKU between the adherent and the nonad-
herent groups (P = .297) and no association between median
Phe concentration in the last 12 months and knowledge of
the condition (» = .181, P = .311).

Diet

Forty-seven patients claimed to always use MF as directed by
the clinical dietitian. Three patients used it as recommended
only occasionally and one never did; 6 patients failed to answer
the question. In the nonadherent group, 31 patients claimed to
always follow recommendations regarding use of MF versus 16
patients in the adherent group (P = .686). Patients were then
asked about MF supply in the 12 months prior to interview.
Of the 54 patients or family members who answered the ques-
tion, only 4 (7.4%) claimed to have received it on a regular
basis during the period. One patient did not use MF at all and
one failed to answer the question. Analysis of MF supply and
median Phe levels over the 12 months prior to study showed
that, in the group of patients who received the formula
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Table 4. Reported Frequency of Challenges Associated With Treat-
ment of Phenylketonuria.

Adherent Nonadherent
(n=17/18),% (n=36/38),% P
Dietary restrictions 12 (70.5) 24 (66.6) 775°
Palatability of MF® 10 (58.8) 23 (63.8) 723
MF® supply issues 10 (58.8) 23 (63.8) 723
High cost of MF® 9 (52.9) 18 (50.0) .842°
Distance to the PKU clinic 8 (47.1) 18 (50.0) .842%
Cost of transportation to 5(294) Il (30.5) 933
the PKU clinic
Impaired social interaction 4 (23.5) 8 (22.2) 1.000°
with non-PKU patients
High cost of other PKU-diet 2(11.8) I (2.8) .238%

foods

Abbreviations: PKU, phenylketonuria; MF, metabolic formula.
?Chi-square test.

®MF is funded and supplied by each state’s Department of Health.
“Fisher exact test.

regularly (n = 4), median Phe level was 581.18 pmol/L (inter-
quartile range, 363.2-684.1) versus 659.8 pmol/L (interquartile
range, 169.5-1174.4) in patients who reported not receiving it
on a regular basis (P = .450).

Treatment Challenges

The questions related to treatment challenges were answered
by 37 caretakers (questionnaire II) and by 16 patients (ques-
tionnaire III). Since we had one questionnaire per patient,
we analyzed both questionnaires together. Table 4 shows the
reported frequency of challenges or difficulties associated
with PKU treatment.

Only one caretaker claimed to have no difficulty in adhering
to treatment. When asked whether PKU was in any way a nui-
sance in their lives, 8 (50.0%) of the 16 patients who answered
questionnaire III replied in the affirmative. Of these 8, 3
claimed that eating out was a nuisance, one reported out-of-
town follow-up as an issue, 3 complained of dietary restric-
tions, and one reported forgetfulness, which interfered with
treatment adherence.

Discussion

In Brazil, PKU was the first condition to be included in a
neonatal screening program in the 1970s; however, the first
specific program establishing a nationwide screening net-
work—the National Neonatal Screening Program (Programa
Nacional de Triagem Neonatal)—was only established in
2001.% Phenylalanine-free MF is made available as a PKU treat-
ment through the Brazilian Ministry of Health’s Specialized
Program for Pharmaceutical Assistance (Componente Especia-
lizado da Assisténcia Farmacéutica) and is thus state funded."’

A high level of treatment nonadherence was found in the
present study. We used number of Phe measurements and med-
ian blood Phe concentration in the 12 months prior to study
inclusion when compared to target levels as parameters for

adherence assessment. These parameters are recommended as
a direct and reliable measurement of adherence.'? Adherence
to PKU treatment is difficult to quantify and has been the sub-
ject of few studies; there is no single measurement to assess it,
and other parameters are used as well, such as dietary recall,
MF consumption, and self-reported compliance in interviews
with health professionals.'*'*

Both groups (adherent and not adherent) did not differ
regarding the proportion of early (eg, through newborn screen-
ing) and late diagnosed patients and the presence of mental
retardation. However, as expected, we found out a higher risk
of mental retardation among individuals presenting higher con-
centrations of Phe after the first 12 months of follow-up and
later ages at diagnosis as well, findings which reinforce the
importance of neonatal screening for this disease. As higher
Phe concentrations in the12 months before the inclusion in the
study were also associated with the occurrence of mental retar-
dation, our findings suggest mental retardation indeed nega-
tively affects adherence to treatment.

Regarding patient origin and distance to the PKU clinic,
most patients lived in the countryside, and although distance
and transportation cost were reported as challenges associ-
ated with PKU treatment, there was no association between
adherence and distance. This finding may be due to the fact
that free transportation to the PKU clinic is made available
to patients who live in other municipalities by their municipal
governments and because the MF is provided to patients at
their municipalities of origin. A study conducted at Colorado
University also showed that geographic access to care does
not impact adherence to PKU treatment and control of Phe
concentration.'”

The present study showed an association between treat-
ment adherence and living with both parents; patients who did
not live with both parents were therefore more likely to have
higher Phe levels. A prior study conducted in Sweden found
that children of divorced parents were more likely to have
high Phe concentration, as found in the present study, show-
ing that coping strategies for PKU must be viewed within a
family relations context.” Another study conducted in Iran
also showed that there was a significant increase in Phe con-
centration among patients whose parents were divorced.'®

Parental knowledge of PKU is absolutely essential for
proper treatment and control,” and the quality of control
depends on parental ability to and discipline in implementing
and supervising an appropriate diet.” In our study, most
patients and/or caretakers were found to have satisfactory and
fair knowledge of PKU.

A study conducted in England tested maternal knowledge
and found that the higher the score of mothers of patients with
PKU, the better their annual Phe control and that the mothers of
patients with higher Phe concentration tended to have lower
educational achievement.” In the present study, we indeed
found an association between maternal educational achieve-
ment and treatment adherence, with patients whose mothers
had lower levels of formal education being at greater risk of
nonadherence.



Journal of Inborn Errors of Metabolism & Screening

In chronic diseases such as PKU, treatment adherence
tends to decrease over time, and serum Phe concentration
exceeds target limits, especially in adolescents and
adults.'”'® In the present study, most adherent patients were
older than 13 years, a finding that is unexpected according
to the literature. This may be explained by our choice of
900 umol/L as the upper target for Phe levels in this age
range. A recent study conducted in European centers, how-
ever, suggests that adherence is improving in adolescent and
adult patients.'

Difficulty in living with an invisible (and possibly
socially unaccepted) condition, coupled with the dearth of
studies assessing the social effects of the lifestyle limita-
tions and dietary restrictions of PKU, may be directly asso-
ciated with treatment adherence.”'> We found dietary
restriction to be one of the challenges most frequently
reported by the patients and family members interviewed
in this study, as was obtaining an adequate supply of MF,
which is a key component of PKU treatment. Identifying
factors associated with dietary adherence, assessing knowl-
edge of therapeutic regimen and treatment, and highlighting
the importance of family relations in maintaining adherence
to an appropriate diet play an essential role in supporting
families and making treatment more effective. Interventions
such as home visits, educational materials, games, courses,
and cooking classes in which the food issue is given due
importance have all been described as having positive
effects on adherence to PKU treatment.>’-'%%°

Our data confirm that siblings can show variability in treat-
ment adherence. Although our sample of siblings is small, it
does not suggest that there is an association between gender,
early/late diagnosis, and knowledge of PKU. However, an
association appears to exist between current age and adherence
(the older the patient, the better the adherence)—of the 4 fam-
ilies assessed, the adherent patient was the older one in 3, a fact
that may be explained by the cutoffs adopted to classify treat-
ment adherence according to patient’s age.

One of the limitations of our study was the absence of more
diversified questions for assessing knowledge of PKU. In
future studies, we intend to assess family stance on religion,
which was not addressed at the present time, and factors asso-
ciated with intrafamilial variability in adherence. Other limita-
tion was the broad heterogeneity of sample’s age, since the
oldest patients have actually been treated since times when
objectives and circumstances were different. These changes
(Phe target level, frequency of controls, health staff, and treat-
ment out of an organized screening program) must influence
the adherence and have not been analyzed in our study.

We conclude that the issue of adherence to PKU treatment
still requires further studies and that the challenges associ-
ated with PKU treatment should be discussed and addressed
jointly by families and health professionals so that the most
effective interventions can be identified for each case. As
this was the first study of its kind to be carried out on a sam-
ple of Brazilian patients with PKU, we hope its findings can
contribute to improve treatment adherence and quality of

life in this population. We suggest all nonadherent patients
should be periodically reevaluated in order to identify the
reasons for nonadherence and to improve the educational and
nutritional skills of the family.

Acknowledgments
The authors would like to thank the GPPG-HCPA and Taciane
Alegra for providing statistical assistance, the patients included
in our sample, Taiane Vieira, and the PKU clinic team-HCPA, par-
ticularly Lilia Refosco, Carolina Moura de Souza, Filippo Vairo,
and Luciana Giugliani.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by FAPERGS (grant no. 09/0120-0) and CNPq/CAPES
(grant no. 401201/2011-2).

Supplemental Material

The online data supplements are available at http://iem.sagepub.com/
supplemental.

References

1. Scriver CR, Kaufman S. Hyperphenylalaninemia hydroxylase
deficiency. In: Scriver CR, Beaudet A, Sly W, Valle D, eds. The
Metabolic and Molecular Bases of Inherited Disease. New York,
NY: McGraw-Hill; 2001;1667-1724.

2. Brazil, Ministry of Health. Manual de normas técnicas e rotinas
operacionais do Programa Nacional de Triagem Neonatal. Brasi-
lia, Brazil: Ministério da Saude; 2004.

3. Souza CFM, Schwartz IV, Giugliani R. [Neonatal screening of
metabolic disorders]. Cien Saude Colet. 2002;7(1):129-137
Portuguese.

4. Blau N, Blaskovics M. Hyperphenylalaninemia. In: Blau N,
Duran M, Blaskovics M, eds. Physician’s Guide to the Laboratory
Diagnosis of Metabolic Diseases. London, UK: Chapman & Hall;
1996;65-78.

5. Lord B, Ungerer J, Wastell C. Implications of resolving the diag-
nosis of PKU for parents and children. J Pediatr Psychol. 2008;
33(8):55-66.

6. Walter J, Lee P, Burgard P. The hyperphenylalaninemias. In: Fer-
nandes J, Saudubray M, Van Den Bergue G, Walter J, eds. Inborn
Metabolic Diseases: Diagnosis and Treatment.
Springer; 2006:221-232.

7. MacDonald A, Davies P, Daly A, et al. Does maternal knowl-
edge and parent education affect blood phenylalanine control
in phenylketonuria? J Hum Nutr Diet. 2008;21(4):351358.

8. Fisch RO. Comments on diet and compliance in phenylketonuria.
Eur J Pediatr. 2000;159(suppl 2):S142-S144.

9. Olsson GM, Montgomery SM, Alm J. Family conditions and
dietary control in in phenylketonuria. J Inherit Metab Dis.
2007;30(5):708-715.

Germany:


http://iem.sagepub.com/supplemental

Vieira et al

10.

11.

12.

13.

14.

15.

Nalin T, Perry IDS, Refosco LF, et al. [Phenylketonuria in the
public health system: assessment of adherence to treatment in a
medical care center in Rio Grande do Sul]. Rev HCPA. 2010;
30(3):225-232.

Brazil, Ministry of Health. Portaria N 1.554, de 30 de Julho de
2013. Brasilia, Brazil: Ministério da Saude; 2009. Web site:
http://bvsms.saude.gov.br/bvs/saudelegis/gm/2013/prt1554_30_
07_2013.html. Accessed June 15, 2010.

Vermeire E, Hearnshaw H, Van Royen P, Denekens J. Patient
adherence to treatment: three decades of research. A comprehen-
sive review. J Clin Pharm Ther. 2001;26(5):331-342.
MacDonald A. Diet and compliance in phenylketonuria. Eur J
Pediatr. 2000;159(suppl 2):S136-S141.

MacDonald A, Gokmen-Ozel H, van Rijn M, Burgard P. The
reality of dietary compliance in the management of phenylketo-
nuria. J Inherit Metab Dis. 2010;33(6):665-670.

Freehauf C, Van Hove JLK, Gao D, Bernstein L, Thomas JA.
Impact of geografic acess to care on compliance and metabolic

16.

17.

19.

20.

control in phenylketonuria. Mol Genet Metab. 2013;108(1):
13-17. http://dx.doi.org/10.1016/j.ymgme.2012.09.026

Alaei M, Asadzadeh-Totonchi G, Gachkar L, Farivar S. Family
social status and dietary adherence of patients with phenylketo-
nuria. [ran J Pediatr. 2011:21(3):370-384.

Bilginsoy C, Waitzman N, Leonard CO, Ernst SL. Living with
phenylketonuria: perspectives of patients and their families.
J Inherit Metab Dis. 2005;28(5):639-649.

. Walter JH, White FJ, Hall SK, et al. How practical are recommen-

dations for dietary control in phenylketonuria? Lancet. 2002;
360(5):55-57.

Durham-Shearer SJ, Judd PA, Whelan K, Thomas JE. Knowledge,
compliance and serum phenylalanine concentrations in adolescents
and adults with phenylketonuria and the effect of a patient-focused
educational resource. J Hum Nutr Diet. 2008;21(5):474-485.
Kemper AR, Brewer CA, Singh RH. Perspectives on dietary
adherence among women with inborn errors of metabolism.
J Am Diet Assoc. 2010;110(2):247-252.


http://bvsms.saude.gov.br/bvs/saudelegis/gm/2013/prt1554_30_07_2013.html
http://bvsms.saude.gov.br/bvs/saudelegis/gm/2013/prt1554_30_07_2013.html


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


