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This study aimed to evaluate the effect of dietary education given to the
caregivers of children with phenylketonuria (PKU) in their home environment
on children’s blood phenylalanine (Phe) levels. Thirty-six children with PKU,
aged 2-12 years, were recruited. Each caregiver was visited on three separate
occasions and given a detailed dietary education. Fasting morning skin puncture
blood samples were collected on Newborn Screening Blood Test filter paper
for Phe analysis at baseline and 1, 4, 12, 24, and 48 weeks after the home
visits. The mean baseline blood Phe level (365 * 232 pmol/L) significantly
decreased with home visits at the 1st week (314 + 226 umol/L) (p<0.05).
Four weeks after the home visits, the median blood Phe level was still lower
than baseline, but the difference was not statistically significant (p>0.05).
The mean blood Phe levels significantly increased at the end of the 12th,
24th and 48th weeks (329 = 230 umol/L; 447 + 189 umol/L and 486 *
261 umol/L, respectively) (p<0.05). A well-controlled blood Phe level can
be achieved with intense, regular and continuing education programs, which
include regular home visits.
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Phenylketonuria (PKU) is an inherited
metabolic disease that affects approximately
200 cases per million live births in Turkey.
Turkey has a particularly high incidence of PKU
compared with other countries, probably due
to the relatively recent availability of screening
(since 1986) and treatment!2.

The goal of PKU therapy is to achieve
and maintain normal blood phenylalanine
(Phe) levels with minimal episodes of
hyperphenylalaninemia, allowing normal
physical and mental growth and development.
A Phe-restricted diet is the mainstay of
PKU treatment, and in recent years, the
nutritional management of PKU has become
more complex in order to optimize patients’
growth, development and dietary compliance3.
Although the importance of dietary compliance
in PKU treatment is well-explained to parents
or caregivers as a part of the education
program, a high percentage of blood Phe

concentrations are still above target ranges*>.
Dietary compliance is influenced by cognitive,
emotional, physiological, and cultural factors.
Patients and caregivers vary in their willingness
and capacity to adhere to dietary treatment
depending on these factors. Although more
education does not always result in improved
compliance, intense and continuing education
programs are certainly important in helping to
optimize dietary complianceb. Many teaching
initiatives in order to improve compliance have
been reported. These include home visiting,
teaching booklets, games, teaching schools,
culinary workshops, and social events”.

Home visits are done by registered dietitians
and play a vital role in providing optimal
nutrition care and contributing to each patient’s
quality of life. Home visits have several
advantages in that they improve nutritional
status, provide chronic care management and
help patients become more independent. Four
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major types of home visits have been described
in the literature for dietitians: illness visits,
visits to dying patients, home assessment
visits, and follow-up visits after hospitalization.
The American Dietetic Association strongly
recommends that illness home visits by a
registered dietitian should include nutrition
screening, nutrition assessment, nutrition
diagnosis, patient/parent education and
counselling, monitoring, and follow-up®. Some
inherited metabolic disorders (IMD) centers
in Europe provide home visiting services for
patients with PKU. Although Turkey has one
of the highest PKU prevalences?, none of the
health professionals do home visits routinely,
and there is no system that evaluates how a diet
is applied practically at home. Therefore, this
study aimed to evaluate the effect of practical
dietary education about PKU given to the
patients/caregivers in their home environment
on the children’s blood Phe concentrations for
a 12-month period.

Material and Methods

Forty-eight children with PKU were chosen
from two different cities (Ankara and Konya),
since the number of PKU patients was higher
in these cities compared to the other regions.
Patients/caregivers who were not able to take
sufficient blood (n=3) or did not send the
blood samples (n=9) to the study center
were excluded. The remaining 36 patients,
21 girls (58.3%) and 15 boys (41.7%), with
a median age of 8 years (range: 2-12 years)
were recruited. They were all treated by the
Metabolism Unit of Hacettepe University Thsan
Dogramacit Children’s Hospital. There were
three inclusion criteria: subjects were (1) aged
2-12 years; (2) diagnosed by neonatal screening;
and (3) followed a strict low-Phe diet. Exclusion
criteria included: (1) not following the strict
low-Phe diet and (2) patients/caregivers not
able to take blood samples at home.

All patients followed a strict low-Phe diet
comprising: (1) a dietary Phe allocation using
a 15 mg Phe exchange system; (2) a Phe-free
protein substitute; and (3) special low-protein
foods permitted in usual quantities. The median
daily allocated Phe and protein intake were
20 mg/kg (range: 15-60 mg/kg/day) and 1.2
g/kg (range: 1-2 g/kg/day), respectively. The
study was approved by the Ethical Committee
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for Medical, Surgical and Drug Research at
Hacettepe University Faculty of Medicine,
Ankara, Turkey (09.11.2006, HEK 06/123-
23). Informed consent was obtained from all
parents.

Study Design

This was a 12-month, single center, longitudinal
study. Each mother/caregiver was visited on
three separate occasions by a pediatric dietitian.
A questionnaire including the social and
educational background of parents/caregivers,
the management of PKU on a daily basis,
characteristics of the diet therapy including
protein substitute amount, type, timing, and
frequency, and preparation of low-protein foods
was administered.

A dietary education program was given at the
beginning of the study following the collection of
a three-day baseline blood sample. The program
aimed to improve the practical and theoretical
knowledge of the dietary management of PKU.
Practical issues addressed were regular intake
of protein substitute (amount, type, timing,
frequency) and low-protein food preparation.
Practical demonstration was used in addition
to the provision of visual materials such as
leaflets, photographs, food models, and recipes
with low-protein products.

Skin puncture blood specimens were collected
on Newborn Screening Blood Test filter paper
(Guthrie cards) for Phe analysis by the patients/
caregivers for three days during the baseline
and at the end of weeks 1, 4, 12, 24, and 48.
Blood samples were taken during the study
period at the same time each day, before
breakfast, under fasting conditions.

Blood Phenylalanine Analysis

Blood samples that had been collected on
the Guthrie cards were immediately posted
to Hacettepe University IThsan Dogramaci
Children’s Hospital Metabolism Unit
laboratories, where they were analyzed for
Phe by tandem mass spectrometry (MS). At
the beginning of the study period, instruction
regarding the blood collection technique
was given and the caregiver’s competency
was assessed by the dietitian. The blood-
sampling equipment, envelopes and stamps
were supplied. Blood Phe concentrations were
classified according to the Medical Research
Council (MRC) Working Party guidelines
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(MRC1993)°? as: subjects 2-5 years old, 120-360
“mol/L and subjects 6-12 years old, 120-480
“mol/L.

Statistical Analysis

Statistical Package for the Social Sciences
(SPSS) for Windows version 11.5 was used for
statistical analysis. The normality distribution
of the data was checked using the Kolmogorov—
Smirnov test. The results were given as mean,
standard deviation, median, minimum, and
maximum values. Since the distribution was
not normal, nonparametric tests were used.
Mann-Whitney test was used to compare
the blood Phe levels of patients according to
their background characteristics, and Friedman
and Kruskal-Wallis tests were performed
for comparison of blood Phe levels of each
child at the different periods of the study. A
p value <0.05 (two-tailed) was considered
significant.

Results

There was no significant difference in mean
baseline blood Phe levels with respect to age
groups, gender, maternal/paternal employment,
and educational status. Twenty-two (61%)
children took their protein substitutes three
times a day or more frequently. Protein
substitutes were taken as a high-volume liquid.
Twenty-six patients (72%) preferred to mix
the protein substitutes with sugar, cornstarch
or fruit juices. The baseline mean blood Phe
concentrations in patients who took the protein
substitute less than three times a day were
not found statistically different than in those
who took the protein substitute three times
or more. Six patients (17%) did not consume
low-protein special products, due to their high
prices, unpalatability and the lack of cooking
skills of the mothers/caregivers. The baseline
mean blood Phe concentrations in patients who
did not consume low-protein special products
as a part of their diet were higher than in
those who did consume low-protein special
products regularly, but the difference was not
statistically significant.

The mean blood Phe levels at the 1st week
of the study (314 + 226 umol/L) decreased
significantly compared to the baseline (365 +
232 umol/L) (p<0.05, Fig. 1). Although at
the end of the 4th week, the mean blood Phe
levels (329 = 230 umol/L) were still decreased
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Fig. 1. Changes in blood Phe levels over time.

compared to the baseline, the difference was
not statistically significant. The mean blood Phe
levels at the end of the 12th week (385 + 238
umol/L) had returned to the baseline levels.
However, a significant increase in the mean
blood Phe levels at the 24th and 48th weeks
was determined when compared to the baseline
(447 = 189 umol/L and 486 + 261 umol/L,
respectively, p<0.05). The mean blood Phe
levels measured after the 24th and 48th weeks
of the study were also significantly higher than
the 1st and 4th week values (p<0.01).

Twenty-eight percent of the subjects’ baseline
blood Phe levels were above age-related
reference ranges. The blood Phe concentration
seemed to be higher in school-age children
(mean: 391 + 240 mmol/L; range: 44-852
mmol/L) than in preschool children (mean: 312
+ 217 mmol/L; range: 46-682 mmol/L), but
the difference was not statistically significant
(p=0.295). After the 1st week of the home
visits, 11% of the patients’ blood Phe levels
were above the recommended ranges. However,
this percentage increased at the 4th, 12th, 24th,
and 48th weeks of the study compared to the
baseline and the 1st week (31%, 30%, 36%,
and 53%, respectively).

Discussion

Since a low-Phe diet is one of the most
restrictive of all dietary treatments, adherence
to the diet is very difficult!® and influenced
by many factors: parental application and
supervision, the level of knowledge of the
parents and caregivers, motivation, and parental
organizational skills!!-12. Intense and continuing
education can help to ensure that patients and
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their families understand the diet, improve the
motivation of the patients and their families,
and generate a positive attitude towards the
diet, eventually resulting in the achievement
of blood Phe control7.13.14,

Although many IMD centers organize dietary
education programs to improve parental coping
ability, the efficiency of those programs needs
to be improved in some countries. In the last
decade, the major problem encountered in
the management of PKU in Turkey was the
late onset of treatment, because the newborn
screening program covered about only 40%
of the country?. Although the program covers
all metropolises at present, the control of
normal blood Phe concentrations is still an
important issue, and many difficulties remain
in the achievement of normal blood Phe
concentrations, including: a limited number
of experienced clinics for treatment, lack of
experienced physicians/dietitians, lack of a
frequent blood Phe monitoring system due
to difficulties in the transport of the blood
samples to the laboratories, large families,
illiteracy and ignorance of the parents, and
lack of published information about Phe and
amino-acid content of some foods!l. In this
study, according to baseline values, 28% of the
children had blood Phe concentrations above
the recommended levels. This was similar to
previous reports in other studies?4>11,

Data regarding the efficiency of home visits
on metabolic control of blood Phe are very
limited. It is clear that home visits provide
an important opportunity to identify specific
factors related with home environment that
influence dietary adherence, and this is
essential to provide an efficient support to
the family in the management of the disorder.
A home visit service can provide ongoing
education for the child with PKU and the
family, leading to a greater understanding
and better overall metabolic control, and
serves as a liaise with other professionals
involved with the child and family to ensure
continuity of care. In this study, we evaluated
the effect of dietary education given to the
caregivers of children with PKU in their home
environment on children’s blood Phe levels.
This intervention might be considered as a
small pilot study for a home visiting service.
Our findings suggest that dietary education
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directed at providing both theoretical and
practical support and encouraging positive
attitudes in patients in their home environment
is likely to be successful in the short term.
However, the efficiency of the program in the
long term requires regular ongoing education
reinforcement and support. For the organization
of a home visiting service including dietary
education, the following seem to be the crucial
steps: identify a well-defined geographic target
area, rally local health professional support and
engage community clinic personnel, provide
in-services to area hospitals to initiate referrals
and gain provider trust, use a professional-
based model of care, obtain non-profit status
to apply for a variety of funding, and hire
staff who are knowledgeable about the cultural
needs of the community!>. On the other hand,
the time-consuming nature of home visits,
the relatively poor remuneration associated
with them, a large part-time workforce,
and concerns about personal safety may all
contribute to increasing reluctance among
health professionals to undertake this type of
consultation. In this context, it is essential
to ensure that enough health professionals
are available and that medical resources
are organized efficiently enough to provide
adequate home care services!¢. Furthermore,
though it is well-known that dietitians play a
vital role in providing optimal nutrition care
and contributing to each patient’s quality of life,
the limited use of dietitians in home visits is
primarily due to the lack of reimbursement and
insufficient number of specialized dietitians.

Although this group of caregivers had received
a comprehensive teaching program in the early
years, new strategies are required for the small
sub-section of families who have the least
knowledge of PKU and limited educational
qualifications. A variety of approaches rather
than any one type of teaching method is more
likely to be effective. Any teaching program
must consider individual differences in capacity
to process information, and it should be
supportive and inclusive of extended family
members who commonly have an invaluable
role to play in diet therapy. More practical
training with tasks such as planning appropriate
menus, food shopping, measuring ingredients,
and cooking low-protein dishes may give
caregivers confidence in their own ability to
adhere to the treatment regimen!’. Others
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measures may include providing models of
positive behavior through working alongside
other caregivers or even older patients with
PKU!8.

The present study has several limitations. Only
a small numbers of subjects were studied due
to difficulties in reaching the patients/families.
Caregiver motivation and ability to cope were
not assessed. However, all the data were
objective, collected in the same standardized
manner, and all the patients had been taught
by the same dietitian in the same systemized
way.

We hope to see the establishment nationwide
of a home visit program for people with PKU
to understand better which factors at home
affect blood Phe concentrations. This will
provide a PKU service that will meet the needs
of the children, their parents and perhaps the
National Framework.
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