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ABSTRACT

Background: Phenylketonuria (PKU) requires life-long dietary treatment to
maintain optimum cognitive function. However, it is often difficult for adolescents
and young adults to continue dietary treatment and maintain metabolic control.
Counting protein is a new system for dietary management of PKU involving a
simplified approach to the traditional diet of counting milligrams (mg) of
phenylalanine (Phe). This simplified approach involvesif r ee 0 cooisumpti on
most fruits and vegetables and counting protein content of all remaining foods
containing higher amounts of Phe. Studies to date have shown that control of
blood Phe concentrations can be just as effective with protein counting as with
the traditional method, and protein counting may be an easier method to manage
Phe intake. However, there are few educational resources for this dietary
intervention. There is a need for age-appropriate materials that can be used to
teach adolescents and young adults with PKU how to count and track their
protein intake. This study aimed to develop an age-appropriate education tool
and to evaluate its effectiveness by instructing a cohort of adolescents and young
adults with PKU to count dietary protein to more effectively manage their

metabolic disorder.

Methods: We developed an educational tool to teach adolescents and young
adults with PKU a simplified approach to tracking Phe intake. The tool was

evaluated by metabolic RDs (n=9) using the Developing and Assessing Nutrition



Education Handouts (DANEH) Checklist, developed by the Academy of Nutrition
and Dietetics Foundation to assess its quality and usefulness, and a mean sum
of scores >80% was considered high quality. After evaluation, the educational
tool was used during an education session with adolescents and young adults
(n=10, ages 15-25 years) followed by the Metabolic Clinic at Oregon Health and
Science University (OHSU). Pre- and post-test questionnaires were developed to
assess knowledge and motivation to count dietary protein. A two-sided binomial
distribution test was performed on each question to determine any significant

changes to participant responses between pre- and post-tests.

Results: The mean score from the DANEH checklist evaluations was 18 out of 20

(90%) indicating that the educational tool was of high quality. No significant

differences were found in knowledge about protein counting or motivation to use

this easier method to track dietary Phe intake. There was a trend towards

improvement in knowledge about protein counting from pre- to post-test scores.

There was a trend towards subjects indicating that they werei mer unl i kel yo t
track dietary protein on the post-test compared with pre-test. However, post-test

gualitative answers suggested that these negative attitudes may be attributed to

factors other than the effectiveness of the handout and tracking method.

Conclusions: These results suggest that protein counting could be an easier

method for adolescents and young adults to understand than the traditional



method of counting Phe. Practitioners need to consider introducing simplified diet
education at an earlier age to promote earlier transition to self-management, and
encourage support from parents and peers when developing an education
strategy for adolescents and young adults with PKU. Improved education tools
and strategies can help improve treatment compliance and ultimately, overall

quality of life (QOL).



CHAPTER 1: SIGNIFICANCE, SPECIFIC AIMS, AND HYPOTHESIS

PKU is an inherited metabolic disorder caused by a deficiency in
phenylalanine hydroxylase (PAH), the enzyme responsible for the conversion of
Phe to tyrosine (Tyr). Without this enzyme activity, Phe accumulates in the blood
and brain and if untreated from birth, causes severe mental retardation. In
individuals who were started on a therapeutic diet as neonates, life-long dietary
restriction is required for optimum cognitive functioning. Current medical nutrition
therapy for this disorder includes two major components: 1. a Phe-free medical
food to meet total protein requirements and, 2. dietary protein restriction to
reduce Phe intake to maintain blood Phe concentrations within the recommended
range of 120t o  3neo0L (1s4,15).

For adolescents and young adults with PKU, this diet treatment can be
difficult to understand and follow, and may be especially difficult for those with
impaired executive functioning as a result of long-term elevations in plasma Phe.
The dietitians in the OHSU Metabolic Clinic estimate that approximately 80% of
adolescents and young adults with PKU who are followed by their clinic do not
maintain blood Phe concentrations within the recommended treatment range.
More effective nutrition education strategies are needed for adolescents and
young adults to effectively manage their disorder over the long-term, with the
overall goal of maintaining normal cognitive function.

Current dietary recommendations for this population involve a complicated

system of counting total mg of Phe in natural protein sources. Emerging research
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is showing that a more simplified approach to counting Phe in the diet could

potentially be as effective as, if not more effective than, the current method (36).

One such approach includes counting grams (gm) of protein rather than mg of

Phe in high-Phe foods, butnotcountt ng fAfreedo foods that incl
vegetables, and low protein grain products containing <75 mg/100 gm serving.

Counting gm of protein in food may be an easier method and concept for those

with PKU to understand and, thus, may improve adherence.

In order to compare the effectiveness of counting protein with that of
counting total Phe in the diet, patients need to be taught how to determine
protein content of foods and to track their protein intake. Counting protein is a
new system in dietary management of PKU, and there are few educational
resources for this as an intervention to manage Phe intake. There is a need for
age-appropriate educational materials that can be used to teach adolescents and
young adults with PKU how to more effectively count and track their protein
intake. In this study, we developed an educational tool specifically for
adolescents and young adults with PKU and evaluated the effectiveness of this
educational approach on patient knowledge and dietary adherence.

Hypothesis:

We hypothesized that with an age-appropriate and effective educational
tool, adolescents and young adults with PKU will have a better understanding of
how to count dietary protein to control their Phe intake and thus will improve their

blood Phe concentrations.
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Specific Aim 1:

To develop an age-appropriate educational tool that will instruct adolescents and
young adults with PKU to count protein in their diet to more effectively manage
their metabolic disorder, and to evaluate the quality and effectiveness of this
educational tool by asking a group of metabolic dietitians to read and assess the
tool by completing a standardized questionnaire.

Specific Aim 2:

To evaluate the effectiveness of the newly-developed educational tool by
instructing a cohort of adolescents and young adults with PKU to count dietary
protein using this tool and assessing their knowledge and clinical outcomes using

a pre- and post-test format.
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CHAPTER 2: BACKGROUND
Introduction

PKU, also known as PAH deficiency, is an autosomal recessive inborn
error of metabolism that is caused by the enzymatic deficiency of the hepatic
PAH enzyme. This enzyme is required for the conversion of the essential amino
acid Phe into Tyr. Affected individuals have a disruption in this metabolic
pathway resulting in the accumulation of toxic concentrations of Phe in the blood
and the brain as well as a deficiency in Tyr (1) (Figure 1). Tyr becomes a
conditionally essential amino acid and thus must be provided in the diet. Tyris a
precursor of dopamine as well as other catecholamine neurotransmitters such as
epinephrine and norepinephrine.

In untreated PKU, the accumulation of high concentrations of Phe in the
blood increases Phe in the brain leading to severe neurocognitive and neuro-
motor impairment. One proposed mechanism of cognitive dysfunction is the
competitive inhibition at the blood brain barrier of high levels of Phe with other
large neutral amino acids (LNAAS), including Tyr, causing lower concentrations
of neurotransmitters in the brain (2). The reduced cerebral protein synthesis from
this inhibitory process is thought to be the main mechanism for cognitive
dysfunction in this disorder (2,3). Poor myelination and reduced dendritic
branching of neurons has been found in cerebral tissue of mice models and
individuals with PKU collected post-mortem which is thought to be a

consequence of the reduced cerebral protein synthesis (2,3).
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Figure 1. The block in the metabolic pathway of Phe to Tyr (adapted from
University of Wisconsin-Madison Biomolecular Chemistry Lecture Slides)
In the United States, the incidence of PKU is approximately 1 in 12,000
births (4). In the 1960s PKU was the first metabolic disorder to be detected
through population-based newborn screening and has continued to be effectively
diagnosed by this method for over 50 years (4). Screening is completed on blood
collected on filter paper spots from newborns within 24 to 48 hours of birth.
Detection of an elevated concentration of Phe and an elevated Phe:Tyr ratio
warrants further investigation to confirm the diagnosis of PKU (5). Newborn
screening has significantly improved clinical outcomes in individuals diagnosed
with PKU because it allows for early initiation of nutrition therapy, usually within
the first week of life (4,15). In addition, the implementation of newborn screening
has allowed for further research into the treatment of PKU including the question
as to whether or not life-long treatment is necessary in this population (4). Moyle

et al. (2007) found that early-treated adults with PKU (n=12) who were no longer
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on-diet scored significantly poorer on perceptual organization and processing
speed than a healthy, age and education-matched control group (n=12). The
significant differences in neuropsychological test scores suggest that the poorer
scores were related to the negative effects of high Phe concentrations on
executive functioning in those who are off-diet (6). Ten Hoedt et al. (7) found that
even adults who had a life-long history of good dietary adherence still
experienced a temporary impairment in sustained attention and mood during
short-term elevations of Phe. These results suggest that life-long treatment to
maintain metabolic control is necessary for adults with PKU to achieve optimum
cognitive functioning, thus increasing QOL.

Prior to newborn screening, individuals with PKU developed severe
intellectual disability, seizures, and psychiatric disorders. Physical symptoms
included a musty odor on breath, skin, or urine from excess Phe in blood, and the
deficiency in Tyr caused lighter skin and hair color and skin disorders such as
eczema (5). With dietary treatment initiated early in infancy, these clinical
complications can be prevented (5). Even individuals with late-diagnosed PKU
can still see potential cognitive improvements with initiation of nutrition therapy
later in life. Lee et al. (8) assessed adults (n=34), ages 21 to 61 years, with late-
diagnosed PKU who were born prior to the initiation of newborn screening.
Participants were randomized into a placebo-controlled crossover study for
initiation of a Phe-restricted diet for 60 weeks with assessment of various

measures of behavior using a validated behavior checklist and behavior scale
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(8). Only 17 of the 34 participants completed the study and no significant
differences were found in standardized behavior measurements between the on-
diet and off-diet period (8). However, 76% of caregiversratedpar t i €i pant 0
behavior more positively during the on-diet phase (8). Thus, there is a potential
benefit of initiation of nutrition therapy, even with late-diagnosed PKU; however,
there can be significant challenges in initiating and maintaining the diet for this
late-diagnosed population. These challenges may also be similar in early treated
individuals who are off-diet and trying to restart nutrition therapy (8).
Treatment

Nutrition therapy, the primary treatment for PKU for over 60 years, has
been associated with decreased blood Phe concentrations resulting in improved
clinical outcomes, including both physical and cognitive growth and development
(12). A primary component of treatment includes maintaining an intake of Phe
from dietary food sources to allow for sufficient Phe for growth and development,
but preventing elevations in blood Phe concentrations. In the early 1950s, Bickel
et al. (9,10) explored variations in diet treatment in a 2-year old girl diagnosed
with PKU who displayed severe physical and cognitive deficits including the
inability to crawl, stand, walk, or talk. The first 4-week phase provided a
completely Phe-free diet resulting in normal blood and urine Phe-concentrations
(9,10). However, continued use of a Phe-free diet caused weight loss followed by
a return in elevated blood and urine Phe-concentrations and generalized amino-

aciduria resulting from protein catabolism. When small amounts of Phe (0.3-0.5
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gm/day) were provided in the form of whole milk, weight gain and biochemical
abnormalities improved (9). With the continued Phe-restricted diet, there was a
gradual i mprovement in the chil dokytwogni ti
crawl, stand, and climb. However, when an additional 5 grams of Phe/day was
added t o t h animnteddtedéteriorationenther condition was
observed including the inability to crawl and stand. When the additional Phe was
discontinued, recovery of these developmental deficits was observed within 3
weeks (9,10). Similarly, McBean et al. (11) reproduced these results after
observing 31 children with PKU, under the age of 7 years, both on and off a low-
Phe diet. The age of the child when dietary intervention was initiated was an
important factor determining the extent of developmental deficits (11). Children
who were started on diet within the first three months of life had higher IQ scores
than those who were started on diet at a later age (11).

The other primary component of treatment of PKU includes amino acid-
based medical foods that are Phe-free and supplemented with Tyr. Medical foods
allow those with PKU to consume an appropriate amount of protein equivalents
and other macro- and micronutrients in their diet to promote adequate growth
and protein maintenance, yet prevent elevations in blood Phe (12). Prior to the
introduction of medical food, physical growth was poor among children due to the
restriction of total protein in a Phe-restricted diet (12). Acosta et al. (12)
evaluated 67 children, ages 2 to 12 years, who had initiated diet treatment within

the first month of life and who were consuming one of 3 different medical foods
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(Phenex-2 Amino Acid-Modified Medical FoodN, Phenyl-FreeN, or PeriflexN).
Growth and nutrient intake was evaluated at baseline and every three months
thereafter for 1 year. With all 3 formulas, mean nutrient intakes, except total
energy, met or exceeded the recommended dietary intakes (RDI) and the
formulas accountedfor76 % t o 80% of the participantds
(12). Medical formulas for PKU are not designed to meet total energy needs as
some of an individual 6s daily eMemwm gy requi
length or height z-scores indicated normal linear growth among the groups as
compared to healthy children, and there were no significant differences in mean
z-scores for weight or BMI at baseline and the end of the study (12). Thus, with
the introduction of Phe-free medical foods, individuals with PKU are able to
consume adequate protein to achieve normal growth and maintain adequate
protein stores while still maintaining a low Phe intake to prevent elevated blood
Phe and allow for normal cognitive functioning (13).

Currently, it is recommended that blood Phe concentrations be maintained
bet ween 120 a rodoptBnénd cognitive furictioning in individuals with
PKU (14,15). Phe is found in nearly all sources of natural protein, and because of
the need for a tight restriction of Phe, even foods with a low protein content such
as fruits and vegetables must be accounted for in the diet. For most patients,
average intake of natural protein from all food ranges from 5 to 10 grams per
day, equivalent to 250 to 500 mg Phe (1 gm protein provides approximately 50

mg Phe). Current methods to monitor Phe intake used in the United States
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include counting mg of Phe or using a unit exchange system with 1 exchange
equivalent to 15 mg of Phe (14). A patient's Phe tolerance is the amount of
dietary Phe the individual can consume while maintaining blood Phe levels within
an appropriate treatment range. Phe tolerance is influenced by numerous factors
including age, degree of PAH deficiency, activity and growth rate (15).

A more recent addition (2007) to treatment for PKU is the use of
sapropterin dihydrochloride (KuvanN, Biomarin Pharmaceuticals), which is a
synthetic form of tetrahydrobiopterin (BH4) (16). BHa is the cofactor for PAH and
when given in the synthetic form, can help lower blood Phe concentrations and
increase dietary Phe tolerance in up to 50% of individuals with PKU (16).
Douglas et al. (16) investigated the potential for an increase in long-term QOL in
individuals with PKU (n=37), ages 10 to 49 years. After 1 year, QOL scores did
not significantly change for the group as a whole, but there was a significant
increase in reported QOL for individuals who responded to KuvanN treatment
(16). Responders had an increase in dietary Phe tolerance and required less
medical food with reported improved overall QOL and satisfaction (16). Thus,
sapropterin dihydrochloride may help improve long-term compliance to nutrition
therapy for those who do respond to this medication.

Nutrition therapy remains the primary treatment for PKU and significantly
improves clinical outcomes and QOL for affected individuals (9,10,12,14,15).
However, the current methods of restricting and tracking Phe intake can be

confusing and ineffective, and some clinicians have advocated for a more
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simplified approach to track Phe intake by counting gm of protein rather than mg
of Phe (36). It would be beneficial to evaluate different approaches to restricting
intake of dietary Phe to help improve patient adherence while maintaining (or
improving) control of blood Phe concentrations.
Poorly Controlled PKU and Executive Functions

In those with early-treated PKU, elevated blood Phe concentrations later in
childhood or adolescence have been associated with a decline in executive
functioning (1). Executive function comprises a set of mental skills that are
coordinated in the frontal lobe of the brain and include higher-order cognitive
processes related to organization and regulation that facilitate modifications in
thought and behavior as a response to the environment (17). Some of these
skills include reasoning, problem-solving, memory functions, managing time and
attention, planning and implementing tasks, flexibility, and attention to detalil
(1,17). Deficits in executive functions in those with PKU appear to be related to
the decrease in neurotransmitter production and increase in abnormalities in
cerebral white matter that may disrupt the interconnectivity between different
regions of the brain (17). Higher blood Phe concentrations are related to more
serious deficits in executive functioning, and both historical Phe concentrations
and Phe concentrations during developmentally critical periods of life appear to
be more predictive of cognitive outcomes (1). Large fluctuations in blood Phe
concentrations over the long-term can also have negative effects on 1Q and

cognition (18).
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Thompson et al. (19) found a significant correlation between brain white
matter changes found on MRI and blood Phe concentrations, suggesting that
neurological deterioration persists throughout the lifespan in those with poor Phe
control. Subjects with PKU (n=34), ages 8 to 33 years, were separated into
groups based on their age at diagnosis (Group | were diagnosed <4 months of
age and group Il were diagnosed >4 months of age) (19). There were no
significant differences between the two groups when comparing MRI grades and
blood Phe concentrations (19). However, MRI analysis showed that the severity
of changes in white matter were independently and positively correlated with
higher mean blood Phe concentrations as well as the number of years that the
subject was off-diet, regardless of the age of diagnosis and initiation of treatment,
suggesting that life-long dietary adherence is important (19).

The concentration and variation of blood Phe appears to have a greater
impact on verbal comprehension and perceptual reasoning skills during the first
12 years of life (20). Channon et al. (21) compared cognitive functioning of
subjects with PKU (n=25), ages 18-38 years, who were diagnosed early and
discontinued their diets in adolescence to subjects with PKU (n=25) who were
also diagnosed early but remained on a continuous diet. The on-diet group
performed significantly better than the off-diet group on accuracy and speed of
performance, working memory tasks, and on speed of performance on inhibitory
tasks (21). Moyle et al. (6) found similar results when comparing the

neuropsychological test scores of early-treated adults with PKU (n=12) who were
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off-diet at the time of testing to an age and education-matched control group. The
subjects with PKU scored significantly poorer on perceptual organization and
processing speed than the control group (6). However, even with life-long control
of dietary Phe intake and maintenance of low blood Phe <400 £ mol/L, subjects
with PKU (2 8 years old) continue to show a mild impairment of executive
functions during short-term elevations of Phe including temporary impairment in
sustained attention and mood (7,22). Although early initiation and maintenance of
nutrition therapy is incredibly important for optimum cognitive development in
younger individuals, these results suggest that it is also important to continue
nutrition therapy and metabolic control throughout adulthood for maintenance of
cognitive function.

Despite early treatment, poor dietary adherence and long-term elevations
in blood Phe can cause a significant decline in executive functioning skills as well
as a negative effect on overall 1Q. Waisbren et al. (23) found an inverse
association between significant decreases in IQ scores with long-term increases
in blood Phe concentrations. In addition, not only the mean Phe concentration,
but also the variability of blood Phe control over a child's lifetime can influence 1Q
and executive functioning later in life suggesting that variability in blood Phe
concentrations may be a better indicator of long-term cognitive performance than
overall control of blood Phe concentrations (23). Children with PKU who have an
average 1Q (1Q score of 90-110) often do not exhibit executive functioning

deficits, so overall IQ should not be the main indicator of blood Phe control (23).
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Mild cognitive impairment has been demonstrated with temporary elevations in
blood Phe concentrations and, thus, both variability of blood Phe and average
blood Phe concentrations need to be monitored closely to maximize cognitive
outcomes in individuals with PKU (24).

Results of these studies demonstrate that both early treatment and lifetime
dietary adherence and control are essential for optimal cognitive and executive
functioning outcomes. However, there are multiple factors that can become
barriers to following a life-long diet and therefore negatively impact the QOL for
individuals with PKU.

Factors Affecting Dietary Compliance and Quality of Life

Following a Phe-restricted diet can be difficult and many individuals with
PKU have poor dietary compliance and struggle to maintain the diet long-term
(25). Dietary compliance is assessed by monitoring blood Phe concentrations
and current guidelines recommend maintenance of average Phe concentrations
of 120 rmotl f@ &@l@age groups (15). Studies have shown that blood Phe
concentrations among individuals with PKU increase with age, with a gradual
decline in control beginning near adolescence and into adulthood (25,26). Guest
et al. (27) found that 47% of patients discontinued their phenylalanine-restricted
diet between 15 and 25 years of age.

Factors contributing to poor compliance include sociocultural barriers such
as language, education level, food skills, and social activity (25). In adolescence,

the power struggle between parent and child, peer pressure, trouble explaining
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their condition to others, and the need to fit in with peers are common deterrents
to dietary compliance (25,28,29). Thus there are numerous potential reasons for
poor dietary compliance, both intentional and unintentional in nature (25,28,29).
Some factors that have been found to encourage dietary adherence in
adolescence include support from friends and family and maintenance of normal
cognitive abilities (29). These potential encouraging factors could be used to help
improve adherence among all age groups with PKU.

Maintaining a Phe-restricted diet is difficult, but non-compliance with the
diet can negatively affectan i ndi v i .Bik-Bulténewskpedal. (30)
compared the QOL of adults with PKU returning to a Phe-restricted diet to
identify reasons for non-compliance. About 45% of subjects reported fsevereoor
fimoderate distress0 r e |odheii anxiety,tdepressiveness, and well-being
when off-diet, but subsequently showed improvement in well-being after returning
to the diet. However, of the initial 53 study participants, only 10 were able to
complete the 9-month study, emphasizing the difficulty of resuming and
maintaining such a restrictive diet. The most significant reasons for dietary non-
compliance were the relatively high-cost of medical foods, poor knowledge of the
PKU diet and problems consuming medical foods in social situations (30).

Enforcement of appropriate early treatment habits may be associated with
improved dietary control. Crone et al. (31) analyzed parental behavioral factors of
PKU patients (n=238), from age at birth to 22 years. Parents who believed that

their child adhered well to the diet had a child with significantly lower Phe
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concentrations compared to parents who believed that their children did not
adhere well to the diet. Parents who reported that their child had difficulties
consuming their medical food three times a day had children with higher Phe
concentrations than those who did not report any difficulty (31). These results
may indicate that parental attitudes are important for implementing the diet and
promoting their ¢hhdiet.dds adherence to

Thus, although there are many different factors that can contribute to poor
dietary compliance, several potential factors have been identified that could help
improve adherence to nutrition therapy.
Simplifying the Diet

A significant challenge for practitioners working with individuals with PKU
is promoting sustained adherence for this difficult diet (25). Metabolic clinicians in
Australia and Europe have taken a more simplified approach to counting Phe. In
this approach, most fruits and certain vegetables do not need to be counted
towards an i ndletayyPhdtintakeasddar beyconsidered Af
Traditionally, all foods eaten would need to be co
daily Phe (mg) prescription in order to ensure maintenance of metabolic control.
MacDonald et al. (32) evaluated free use of fruits and vegetables containing
increasing increments of Phe intake from these foods over 15 weeks.
Participants were instructed to freely eat fruits and vegetables containing <50 mg
Phe/100 gm during part 1 of the study (weeks 1 to 3) and then were instructed to

add at least one additional portion (20 gm) of fruits and vegetables containing 51-
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75 mg Phe/100 gm during part 2 of the study (weeks 4 to 8). During part 3 of the
study (weeks 9 to 15), participants were instructed to eat at least 3 portions (20
gm) of fruits and vegetables containing 76-100 mg Phe/100 gm weekly in
addition to daily consumption of fruits and vegetables containing 51-75 mg
Phe/100 gm. They found that addition of fruits and vegetables containing Phe up
to 100 mg Phe/100 gm serving did not significantly increase blood Phe
concentrations. Although median Phe intake did significantly increase overall
(phase 2: 51 mg increase and phase 3: 39 mg increase in median Phe intake), it
did not significantly or adversely affect metabolic control in the subjects (32).

In a similar study, Rohde et al. (33) found that participants consumed an
average of 58 mg more Phe per day on a liberalized diet, but this increase in Phe
intake did not have a negative effect on short-term metabolic control. Although a
58 mg increase in Phe per day (equivalent to approximately 1 gm of protein) is
insignificant for the healthy population, this is a notable increase for someone
living with PKU. At the 6- and 12-month follow-up, the average increase in Phe
intake was 65 mg per day at 6 months and 70 mg per day at 12 months, yet
blood Phe concentrations still remained stable (33,34). Zimmerman et al. (35)
also investigated the effect of freely consuming fruits and vegetables containing
less than 100 mg Phe/100 gm serving in 80 individuals with classic, moderate,
and mild PKU, ages 2 years and older, compared to individuals with PKU on the
traditional diet. Median blood Phe concentrations did not significantly differ

between the simplified diet (classic= 355 emol/L, moderate= 313 emol/L, mild=
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336 emol/L) and the traditional diet (classic= 275 ¢ mol/L, moderate= 200 e mol/L,
mild= 300 e mol/L) (35). Interestingly, there were more individuals in the group of
subjects >16 years of age with Phe concentrations within the recommended
reference range (100-6 0 OmokKL for individuals >10 years) when they used the
simplified diet compared to the traditional diet suggesting that the simplified diet
could be an easier and more effective method of tracking Phe intake for
individuals in this age group (35).

An additional approach to the simplified diet is to count protein rather than
Phe in the diet. Sweeney et al. (36) compared an exchange system based on
counting gm of protein (1 gm protein= 50 mg Phe) to the traditional exchange
system based on counting mg of Phe (1 unit= 15 mg Phe) and found that there
was no significant difference in blood Phe control of study participants between
the two diet approaches and all participants preferred the simplified protein
exchange system (36).

These studies have shown that a less strict approach to dietary treatment
is not only a more favorable method to individuals with PKU, but also does not
significantly increase their blood Phe concentrations. However, the current
literature has not looked at how this simplified diet can be taught to patients with
PKU to help improve metabolic control and better understand dietary treatment.
Education Material

Educational tools currently used in the management of PKU have limited

effectiveness to promote dietary compliance and control of blood Phe
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concentrations, and more effective approaches of nutrition education to promote
dietary compliance are needed for these patients. Current tools include one-on-
one counseling, handouts, support groups, classes, parents as role models, and
computer-based dietary software (37). An international study compared the views
of practitioners to parents and patients regarding PKU education and found a
discrepancy in views between the groups. Practitioners regularly utilized a
combination of one-on-one counseling with educational handouts and perceived
this as the most effective approach to nutrition education. However, while parents
of patients found one-on-one counseling to be most effective, patients
considered their families the most effective education tool. This suggests that
practitioners need to focus more on overall family dynamics and education rather
than one-on-one counseling with patients. In addition, 78% of patients found
handouts to be the least effective education tool (37). This finding could
potentially be related to the complexity of specific handouts. Certainly it is
beneficial to take an individualized approach to dietary education and consider
the patient® age and literacy level.

Adolescents and young adults that are transitioning to manage their own
treatment face numerous challenges that affect maintenance of their diet, and the
role of healthcare providers is to help their patients overcome barriers and
provide ongoing support and resources. Current resources include specialty
clinics, summer camps, and written educational resources. Durham-Shearer et

al. (38) aimed to investigate the effect of different forms of patient-focused
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educational resources on knowledge, dietary compliance, and serum Phe
concentrations in 71 adolescents and adults with PKU. Although most
participant® self-reported awareness of dietary recommendations improved, this
awareness did not result in improved compliance to the diet even when the
educational resource format most preferred by the subjects was utilized (38).
Effective Education Materials

Development of effective educational material has been extensively
studied in those with diabetes mellitus (39,41,42,43,45). When developing
educational materials, characteristics of the target audience, such as age and
literacy level, and social trends must be considered to help avoid potential
barriers to treatment compliance. Especially among today's adolescent
population, technology plays a large role in everyday life and needs to be
considered in development of educational materials. Although studies
iInvestigating diabetes self-management and technological support did not find
significant differences in the ability to manage disease between those using
technology and those using standard management tools, there was a significant
increase in self-efficacy in those using technology for management (39,40,41).
The use of technological support in education and management of disease may
be beneficial; however, more research is needed to evaluate the long-term
effects and efficacy of incorporating technology in disease self-management.

The use of visual aids has also been studied in adolescents with diabetes.

A randomized, controlled study comparing the use of food photographs to written
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food lists to assess changes in knowledge about carbohydrate counting found

that both groups improved knowledge of carbohydrate counting, but the group

using the photographic material had a more significant improvement from pre- to

post-test scores (42). Additionally, 77% of participants in the group using the
photographic material eddted 0t te Mmpatredi dlo @&
participants using the written food list group (42). Thus, for those with PKU, the

addition of visual aids to educational tools could help engage adolescents and

improve their knowledge and self-efficacy of treatment.

When developing educational materials, literacy level is an important
consideratoni n assessing an individual s under st
(43). Mikhall et al. (44) found that regardless of literacy level, participants
receiving educational pamphlets written at the 5" grade level or below had
significantly higher comprehension of the material than the participants receiving
pamphlets written at the 10" grade level. In addition to considering the reading
grade level of educational handouts, the teach-back method has also been
shown to improve understanding. Using this method, educators are able to have
patients or clients restate what was presented to assess comprehension of the
material. Negarandeh et al. (43) explored the impact of different educational
strategies on knowledge and self-management of patients with type 2 diabetes
and found that the use of the teach-back method and pictorial images both
significantly improved knowledge and adherence to medication and diet

compared to the control group. Thus, the use of visual aids in addition to utilizing
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the teach-back method could help improve understanding and dietary self-
management for adolescents and young adults with PKU.

Personalizing the method of delivery can help enhance the primary
messages of the education being given and received (45). Koonce et al. (45)
assessed the effects of educational material targeted at specific health literacy
level and learning styles of adults with diabetes (n=81) and found that
participants in the intervention group performed significantly better on knowledge
guestions at both 2 and 6-weeks compared to the control group. The reading
grade level of educational material as well as the learning style preferences of
patients are important factors to consider when delivering health-based
education.

Although this has been extensively studied with other health conditions,
there is limited evidence to suggest that these factors can help improve health
maintenance of individuals with PKU. The proposed study aimed to utilize these
principles and methods to provide effective education to adolescents and young

adults with PKU with the long-term goal of improving life-long dietary compliance.
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CHAPTER 3: METHODS
Methods

This pilot study was completed at the Child Development and
Rehabilitation Center (CDRC) Metabolic Clinicat OHSUDoer nbecher Chi | d
Hospital. The two main goals of the study were 1. to develop an age-appropriate
educational tool, reviewed and approved by metabolic dietitians, that allows
adolescents and young adults with PKU to count total protein to manage their
metabolic disorder and, 2. to evaluate the effectiveness of the newly-developed
educational tool by instructing a cohort of 10 adolescents and young adults with
PKU to count protein using this tool and subsequently assessing their
knowledge. Subjects between the ages of 13 and 25 years who were diagnosed
with classical PKU by newborn screening were recruited from patients routinely
followed by the CDRC Metabolic Clinic. Each subject participated in one 20-
minute educational session completed during a routine clinic visit at OHSU
Doernbecher Chidrataneout-oflinielvist qeheduked at a
designated destinatonn e ar t he s ub j.&histstddy was aprovddeoy c e
the OHSU Institutional Review Board (IRB#15229).
Educational Resource Development

Publisher Lite version 1.6.0 was used to develop the educational tool. The
reading level of the material was assessed using the Flesh-Kincaid scale
available on Microsoft Word with a target reading level of 5" grade. The

education material utilized information from the online database,
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HowmuchPhe.org (National PKU News, Seattle, WA), for conversion of gm of

dietary protein and mg of Phe per 100 gm serving size. HowmuchPhe.org

includes a comprehensive list of foods with mg Phe, number of exchanges (1
exchange = 15 mg Phe), and protein content per a given serving size in a
standard household unit and gm weight. This program was developed using
ingredient-based amino acid food analysis. It is accessible to the public with a

yearly subscription. Access to HowmuchPhe.org was obtained through a

renewable subscription by OHSU's CDRC Metabolic Clinic.

The educational tool (Appendix E) includes lists of foods separated
according to the type of food and then further separated into categories based on
protein content. The sepgearoatse f(d dmdjsi smi g hi
Phe/100 gm serving), vegetables and dried fruits, dairy alternatives, and
starches/grains/cereals/breads. The categories in each of these food groups
include low protein (1 gm/serving), moderate protein (2 gm/serving), and high
protein (3 gm/serving). Included foods were chosen based on popularity of
consumption in the adolescent PKU population based on the CDRC metabolic
dietitiansb6experience, and included snack foods like potato chips, French fries,

and cookies. Using HowmuchPhe.org, specific foods were assessed based on

the amount of Phe per 100 gm serving. Foods containing 275 mg Phe/100 gm
were categorized based on the protein content of a standard serving size of food
(¥2 cup) unless otherwise noted in the food list. All foods were moved up to the

next protein category if their protein content surpassed the preceding protein
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category (i.e. foods with 2.1 gm protein per ¥ cup serving were placed in the 3
gm category). This was an important precautionary measure to consider because
we wanted to ensure that if participants were using the tool, they would not be
consuming more than their prescribed Phe intake because of the tool itself. A list
of #fAFoods abasoiAcuded d@hich aontains foods with a protein content
>3 gm/100 gm serving, too high to include in the PKU diet. The educational tool
incorporates photo images of foods and their protein content to provide a
visualization of serving sizes. For all photos, foods were placed on a white plate
with a red-striped background for uniformity, and a standard-sized, optic yellow,
tennis ball was included in all the photos to help the reader visualize actual
serving sizes relative to a tangible object. The final portion of the tool includes
information about reading food labels and additional resources to assist in
utilizing protein counting as a method to track dietary protein intake. A Nutrition
Facts label is presented with key portions of the label highlighted, including the
serving size and protein content. The additional resources include downloadable
mobile phone applications and internet resources to aid in tracking protein
consumption and/or aid in searching protein content in specific foods.
Educational Resource Evaluation

Metabolic dietitians who are members of Genetic Metabolic Dietitians
International (GMDI) were recruited via email to evaluate the completed
educational tool. A select group of these dietitians was identified and recruited by

the principal investigator (PI). The dietitians agreeing to participate were emailed
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a PDF version of the tool and a SurveyMonkey link that contained the Developing
and Assessing Nutrition Education Handouts (DANEH) Checklist developed by
the Academy of Nutrition and Dietetics Foundation. Using the DANEH checklist,
the metabolic dietitians objectively evaluated the quality of the education tool and
offered subjective feedback about the material. The RDs were also given an
option to provide additional comments at the end of the survey. Using these
evaluations, the Pl and study coordinator modified the educational tool, as
deemed appropriate, based on trending comments from the metabolic RDs
(Appendix D).

The DANEH checklist was developed by the Academy Foundation as part
of the Healthy Food Bank Resource Hub's Future of Food project (Appendix G).
The checklist incorporates 22 constructs that were identified by a literature
review as quality indicators to be included in nutrition education handouts. These
constructs were separated into five main topic areas, including content, behavior
focus, cultural sensitivity, written word, and organization and readability. The
Academy Foundation recommends that a score of 16 out of 21 (76%) or higher
be considered high quality material. For the purposes of this project, one
guestion (fCurrent, accurate, and consistent with USDA Dietary Guidelines and
MyPlated was removed from the checklist because the recommended medical
nutrition therapy for PKU is not consistent with the USDA Dietary Guidelines and
is not relevant to this educational tool. Therefore, for this project, a score of 16

out of 20 (80%) or higher was considered high quality.
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Clinical Assessment of the Educational Resource
Study Participants

Study subjects included males and females between the ages of 13 and
25 years who were diagnosed with classical PKU by newborn screening and
started on diet in early infancy. All were established patients in the CDRC
Metabolic Clinic and had a routine follow-up clinic appointment scheduled during
the months of April through August 2016 or had been seen in clinic within the
previous 6 months. Informed consent and signatures from both parents and/or
guardians and subjects under the age of 18 years was obtained. For those over
age 18, parental or guardian consent was not required. Inclusion and exclusion
criteria are shown in Table 1.

Adolescents and young adults between the ages of 13 and 25 years were
selected because they are a key group of individuals with PKU followed by the
CDRC Metabolic Clinic who are beginning to, or already are, managing their diet
on their own.

Screening

Potential study participants were identified by a review of the Metabolic
Clinic schedule listed in the OHSU electronic health record. Prior to a scheduled
appointment, potential participants were mailed a recruitment letter and consent
form for the study (Appendix A and C). One week prior to the appointment,
potential subjects were given a follow-up phone call to answer any questions and

gauge their interest in participating (Appendix B). Prior to the clinic appointment,
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the medical chart of all potential participants was reviewed and discussed with

the clinic RD to determine individual dietary Phe and protein needs. Typically, the

simplified diet prescribes 7 0 % o f a n s Phe deeds asfaods that need to

be measured and counted; this allows for the remaining 30% of Phe needs to

accountfort he Phe content of foods thathodre con
However, since the target population included individuals with typical blood Phe
concentrations abovether ec o mmended r angmwl/L) d2dimateo 360 ¢
of 70-100% ofe a ¢c h s u b j reeds was preBdniteed. This prescribed amount

of Phe was converted to gm of protein (50 mg Phe = 1 gm protein) and this was

used as each subjectds prOnthedaypofthdclinewance f
appointment, the study coordinator met with potential subjects (and their legal

parent or guardian for those under age 18 years) to complete the informed

consent process. The study was reviewed with the subjects and their parents or

guardians, all questions were answered, and all consent forms were signed prior

to initiating study activities. Study data was also collectedf r om each subj ect
OHSU electronic medical record during the clinic appointment and during a

follow-up assessment that was conducted via telephone or email one month after

the appointment.
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Table 1. Inclusion and Exclusion Criteria

Inclusion Exclusion

Adolescents and young adults age 13 Pregnant or lactating females
to 25 years

Diagnosis of classical PKU Diagnosis of concurrent illness

Receive treatment at OHSU/CDRC

Metabolic Clinic English as a second language
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Education Session

One pre-test and one post-test evaluation was developed based on the
educational tool. The pre-test consisted of seven questions and the post-test
consisted of 6 questions including short answer, fill-in the blank, multiple choice,
and basic computational questions to assess patient knowledge, and one Likert-
scale question to assess motivation to change dietary behavior and utilize protein
counting as a method of tracking dietary Phe (Figure 2). Subjects were
administered the pre-test after agreeing to participate in the study and signing all
consent forms. The pre-test included a final question regarding the preferred
method for future contact (mail, email, or both) for the post-test evaluation. After
completion of the pre-test, the education session lasted approximately 20
minutes. Participants were reminded of their individual protein prescriptions
based on meeting 70-100% of their estimated Phe prescription. The first 10
minutes of the session was dedicated to explaining how to use the education tool
and answering any questions. During the remainder of the session, the teach-
back method was utilized to help ensure understanding of the material and
enhance participant knowledge through practice. A brief 24-hour recall was
collected and the participant used this information to practice using the protein
counting method using the educational tool. Once the education session was
complete and all questions were answered, the participants were reminded that
the post-test would be sent to them in one month.

Follow-up Assessment
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One month after participating in the education session, subjects were
mailed or emailed the post-test based on their preferred method of contact
indicated on their pre-test evaluation. The post-test was similar to the pre-test
consisting of 6 questions that included short answer, fill-in the blank, multiple
choice, and basic computational questions to assess patient knowledge, and one
Likert-scale question to assess motivation to change dietary behavior and utilize
protein counting as a method of tracking dietary Phe (Figure 2). Participants
received a follow-up telephone call one week after distribution of the post-test to

answer any questions and remind the participant to complete the evaluation.
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Figure 2. Pre- and Post-test Questionnaires*

Pre-test Evaluation

Age: Participant Identifier:

1. Do you currently keep track of your dietary Phe intake?
Yes No Sometimes

a) If yes, what method do you use (such as counting exchanges or
counting milligrams of Phe)?

b) If you don'tusually keep track of your Phe intake, why not?

2. Have you heard of counting protein as a method to track dietary Phe
intake?

Yes No

3. Approximately how many milligrams (mg) of Phe are in one gram of
protein?

a) 15 mg

) L0 INE

( mg

4, Using the Nutrition Facts label below, how much is one serving of this
food? 2/3 cup

a) How much protein is in one serving of this food? o

b) How much protein will be in two servings of this food? 8 9mM
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5. Fromthe list of foods below, which do not need to be counted as part of

your daily protein intake (circle all that apply).

Soy Milk French Fries Green Beans ( Orange Juice )
Bell peppers Graham Crackers

. Onascale of 1 to 5, with 1 being extremely likely and 5 being extremely
unlikely, how likely are you to track dietary Phe if there was an easier
method of tracking?

1 2 3 4 5
Very likely Maybe Very Unlikely

. What s the best method of contact to send a post-test evaluation
(mail/emailtelephone)? Please list best method and contact information
below.
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Post-test Evaluation
Age: Participant Identifier:
1. After learning to use the educational tool for protein counting, do you
keep track of your dietary protein intake?
Yes No Sometimes
a) If yes, do you use the protein counting method?
b) If you do not use the protein counting method, why not?

2. Please list what you like/do not like about counting protein as a method to
track dietary Phe intake.

3. Approximately how many milligrams (mg) of Phe are in one gram of
protein?

a) 1S mg

D o) IO

( mg

4. Using the Nutrition Facts label below, how much is one serving of this
food? 2/3 cup

a) How much protein will be in one serving of this food? aam

b) How much protein will be in two servings of this food? 6 gm
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5. Fromthe list of foods below, which do not need to be counted as part of
your daily protein intake (circle all that apply).

Soy Milk French Fries ( Green Beans ) ( Orange Juice )

Bell peppers Graham Crackers

6. Onascale of 1 to 5, with 1 being extremely likely and 5 being extremely
unlikely, how likely are you to use protein counting as a method to track
dictary Phe intake?

1 2 3 4 5

Very likely Maybe Very Unlikely

*Answers to the questions are indicated in bold
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Outcome Variables

Outcome variables were measures of quality and effectiveness of the
developed educational resource. Overall quality of the educational tool was
assessed using the DANEH checklist by 9 practicing metabolic dietitians in the
United States. An overall score of 80% or higher on the checklist was considered
a high quality rating.

Effectiveness of the educational tool was measured by a pre- and post-
session gquestionnaire administered to the subjects. The questionnaire consisted
of 6 questions relating to knowledge of protein counting and motivation to change
behavior. The question types included short answers, fill-in the blank, multiple
choice, and basic computational questions.

Statistical Analysis

Statistical analysis was completed on all participant responses to the
DANEH checklist evaluation. All responses to each question were combined into
one group. For the subjects participating in the education session, statistical
analysis was run separately on each question based on participant responses to
pre- and post-tests. Descriptive statistics were expressed as the mean ° SD.
STATA version 14.2 was used for all statistical analyses. Microsoft Excel was
used to produce data tables and figures.

Educational Tool Evaluation
A two-sided binomial distribution test was used to determine the best

estimate of the possible number of successful outcomes for questions that would
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be mar ked f mehythe metabolicdietitimast(r=9) on the DANEH
checklist Conf i dence intervals (95%) were cal cul
interval to determine a 95% level of certainty of the true proportion of questions
that woul d be ans we.rTeeckdubatioad tool wascorisitleeed f ut ur e
high quality with a mean total sum of scores of 16 out of 20 (80%) or higher. A p-
value ¢ 0.05 was considered statistically significant.
Pre- and Post-test Evaluation
Two-sided binomial distribution tests were performed individually on all
guantitative questions (Pre- and post-test questions # 1, 3, 4, 5, 6) to determine
the best estimate of the possible number of successful outcomes that indicate
Ai mprovedo vs 0 wamndpostdestrswerseCeniideqmce istervals
(90%) were calculated using Wilsonbds score
certainty of the true proportion of quest:i
change 0 b et w-eamdrposfptasteanswers in the future. The questions
containing three parts (questions #4 and #5) were grouped into one score and
graded on a scale from 0 to 3 points. Participants received one point for each
guestion answered correctly to add to a maximum score of 3 out of 3 points.
Participants whose scores increased were considered to have an improved
score. Participants who did not exhibit any change from pre- to post-test were
excluded from analysis. The Wilcoxon Signed-Rank test could attempt to make a
correction for these participants with no change, but was not used since the

attempt to correct this would skew the results in such a small sample size. Also,
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this test uses a z-statistic, which would assume that the population is a larger
sample. Therefore, these participants were excluded and a binomial distribution
was used to analyze results. A p-value ¢ 0.05 was considered statistically
significant. Ea ¢ h  p a rstresporis@ta qualithtive questions is displayed in

tables and any trends in responses to specific questions are identified.
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CHAPTER 4: RESULTS
Checklist Evaluation Scores

Twelve registered dietitians who were members of GMDI were contacted
and agreed to participate in evaluating the educational resource. Of these 12
dietitians, 9 responses (75%) were received after the allotted 2-week period for
response. The mean total of all scores from the RDs was 18 out of 20 (90.6%),
(p<0.000), 95% CI[0.85, 0.94], showing the educational tool is of high quality, as
indicated by a score 280% for all questions (Table 2). Some criteria of greatest
concern (marked unmet on DANEH checklist) with the educational tool included
criteria in the behavior focus, organization and readability, and cultural sensitivity
topic areas of the DANEH checklist. Based on patrticipant responses, the specific
constructs that were most commonly unmet included, a) fgive specific examples
of desired behavioro(n=3), b) fhave culturally appropriate imageso(n=3), and c)
fuse left-justified text blockso(n=5). Additional comments from participants are
shown in Appendix D.

Table 2. DANEH Checklist Evaluation

Scores
Variable Mean (%)° SD 95% ClI p-value

Educational Tool

Evaluation (n=9) HereE [0.85, 0.94] 0.000
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Description of Study Participants

Of the 24 eligible participants that were sent recruitment letters in the mail,
4 females and 8 males consented to participate in the study. Two participants did
not complete the post-test questionnaire within the 1-month follow-up period and
were considered lost to follow-up, thus results from 10 participants were included
in analysis. Participant characteristics are shown in Table 3. The average age of
the participants was 18.6 (°3.7) years. The average blood Phe and Tyr
concentrations over the previous 3 years was calculated for each participant
based on values from their electronic medical record. The average blood Phe
concentration of all participants was 750.4 (°296.1) € mo lanhdlthe average
blood Tyr concentration was 84.0 (°24.1) ¢ mo | Only two of the 10 participants
(20%) reported counting dietary Phe intake at the start of the study, and one of
the 10 participants (10%) reported that he had never heard of protein counting as
a method to track dietary Phe intake. Three out of 10 of participants (30%) were
prescribed KuvanN, as documented in their medical record. The number of filter
papers sent in to measure Phe/Tyr was recorded from January 2013 through
September 2016 as a measure of health care compliance (Table 3). In general,
participants with mean blood Phe concentrations within the recommended
treatment range (120-3 6 0 ¢ hrorpleted more blood filter paper tests during

the 3-year period than those who did not.
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Table 3. Participant Characteristics

Subjects ’Mean Phe level ~ ?Mean Tyr level 3#of Filter ~ 3Uses
(n=10) Age (yrs) Sex (MIF) Counts Phe? (SD) € mol (SD) & mo | Papers Kuvan?
1 23 M No raﬁ;ﬁ (82034?1?40 rir?;é?l(zlsgi?s 0 Ne
. s o peeCeml  MEGD 1w
3 24 M Sometimes éﬁéﬂ;iéﬁ?&?& ra7n7gj2: (3>5()2-i98)2 18 Ne
4 16 F Sometimes r;?;e'?z(fll.iﬁl rﬁgﬁ %01322 127 ves
5 16 M Sometimes ‘r‘ffdi’: %32512) raﬁfgi (3251-i83?7 “ N
6 17 M No fﬁgg ﬁ?fég rsr?gg: (;ﬁfs)o 35 No
7 15 M Yes rffggeffﬁiﬁil rle?ng: (§£é51)1 148 No
8 17 F Yes rﬁfj’is(glﬂb?l rar?g86(1195'-51)95 ! "
9 15 M No f’;ﬁ,g‘ﬁ %_211582 rar7195é:7 2%—5?79 69 ves
0 s . Sometimes 636.5 (317) 55.4 (23) 68 Yes

range: 100-1201

range: 29-159

1Based on pre-test evaluation responses (pre-test question #2)

2Phe and Tyr levels are average values from blood filter paper tests charted in the patient 6 s

period (2013-2016). Recommended treatment ranges: Phe 120-3 6 0
SAschartedi n patientodos electronic

medi cal

el ectronic
e nMigrl43-89¢ mol / L
record

med i

caydar record wit



Questionnaire Scores

All participant responses to qualitative questions (Pre-test question # 1b &
Post-test question # 1b & 2) are summarized below and shown in Table 4.
Changes in participant responses to quantitative questions (Pre- and post-test

guestion # 1, 3, 4, 5, 6) are summarized below.

Question 1: Do you keep track of your dietary Phe/protein intake?
Comparing pre- and post-test answers, responses from 4 of 10
participants (40%) changed from fnodtofiyes or someti me®& and 1
(10%) response changed from fyesoto /s 0 me t i (e 8, 4, and 5).
Although not statistically significant (p=0.375), there was a trend towards
improvement in participant report to keep track of dietary Phe/protein intake. No
participants reported Anoodo to keepteshg tr ac
Based on the sample data, 90% of responders (9/10) reported a response that
i ndi cat ed (¥bpo rc hfa nngderaed wn talr ability to keep track of
protein, suggesting that the participant® abilities did not decline during the month
after the education session. In the future, we estimate that an actual proportion
between 65 and 98% of subjects would be a reasonable value for those who
woul d i ndi cad eo rii nfoioaiteheswgand this question if this

study was to be conducted again, 90% CI [0.65, 0.98].



Figure 3. Distribution of Responses
Question #1 (n=10): Do you keep track of your dietary
Phe/protein intake?

5

1

Worse No Change Improved
Change from pre- to post-test

Number of participants
O R N W NN OO

Worse: Participant response changedf r om fiye-sésbnt pr Bsomepostteags or noo
No change: Participant reported the same response on both pre- and post-test

Improved: Participantrespon s e changed from dhpret ®st stoonefis onestoi me s
y e ®ropost-test
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Figure 4. Pre-test Question 1: Do you keep track of your
dietary Phe intake? (n=10)

mYes mNo = Sometimes

Figure 5: Post-test Question 1: Do you keep track of your
dietary Protein Intake? (n=10)

mYes mNo = Sometimes
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Question 1b: Why dondét you keep track of vy
Question 2 Pre-test: Have you heard of counting protein as a method to track
dietary Phe intake?
Question 2 Post-test: What do you like/not like about counting protein as a
method to track dietary Phe intake?

Only one out of 10 participants (10%) reported that they had never heard
of counting protein as a method to track dietary Phe intake on the pre-test. All
participant responses to qualitative questions (Pre-test question # 1b & Post-test
question # 1b & 2) are shown in Table 4. Common trends in participant
responsesontheprest est i ncluded that they were At ooc
know how too keep track of their dietary P
tracking dietary Phe based on their mood. Similar trends in these responses
were noted in the post-test as well. Three participants reported using the protein

counting method as a method to track their Phe intake on their post-test

evaluations. Of these 3 partiyedtiegames, one
frompre-topost-t est and 2 participants initially r
dietary Phe.
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Table 4. Qualitative Pre- & Post-test Answers

Post-test Question #1b &/or 2: If you do not use

Subject Pre-test Question #1b: Why don't you keep the protein counting method, why not? What
(n=10) track of your Phe intake? do you like/not like about counting protein as a
method to track dietary Phe intake?
"I'm pretty confident in knowing what would be too "It is hard to gauge what PKU is significantly
1 high in Phe or not, and make the choice to be more effecting in my brain at this stage in life since |
liberal” don't believe | am at high risk any longer”
"Dondot | i ke bekatise fi's hard, but a lat
2 "Insurance barriers to diet education” easier to use handout (using pictures) and gives
more freedom to eat"
3 No response "Too lazy to count”
4 No response "Makes me feel different”
5 "l base it much more off my mood" "It takes time to measure all food out"
6 “Not really in the habit, don't know how to" "It's very easy to count the protein"
E NO response "It lets me eat more cantaloupe and vegetables
b and breads and pastas”
8 "Because it is more difficult" | use the protein countlng"method and have for
years
9 "Because I'm too lazy and | have an idea about "l don't like not knowing how much protein is in
how much | eat everyday" some stuff"
10 "Busy" "l don't like the time commitment”




Question 3: Approximately how many milligrams (mg) of Phe are in one gram of
protein?
Of the 10 participant responses, four subjects answered this question
correctly on the pre-test and an additional three participants answered this
correctly on the post-test. One participant that answered correctly on the pre-test
answered incorrectly on the post-test (Figure 6). The reported change was not
statistically significant (p=0.625). Based on the sample data, 90% of responders
(9/10)i ndi catbdngepori{inmmr ovedo ( n=tBigquestdrs pons e s
suggesting that participant® knowledge did not decline during the month after the
education session. In the future, we estimate that an actual proportion between
65 and 98% of subjects would be a reasonable value for those who would
i ndicate Ano changeo or Ai mprovedo after a

to be conducted again, 90% CI [0.65, 0.98].



Figure 6. Distribution of Reponses
Question #3 (n=10): How many milligrams of Phe
are in one gram of protein?
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No change: Participant reported the same response on both pre- and post-test
Improved: Participant response changed from incorrect on pre-test to correct on post-test
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Question 4: Using the Nutrition Facts label below, how much of the food is in one
serving of this food? a) How much protein is in one serving of this food? b) How
much protein will be in two servings of this food?
Of the 9 participant responses, no participants who answered this question
correctly (n=5) on the pre-test got it wrong on the post-test (p=0.250). The three
parts of this question were grouped into one score and graded on a scale from O
to 3 points. Participants received one point for each question answered correctly
to add to a maximum score of 3 out of 3 points. Participants whose scores
increased were considered to have an improved score. In this case, all
participants who improved from pre- to post-test had a score of 3 out of 3. Based
on the sample data, 100% of responders (9/9) reported a response that indicated
Ano c¢ h(@=B®)®pe o Ai mMy{n=3) suggdsting that participant®& knowledge
did not decline during the month after the education session (Figure 7). In the
future, we estimate that an actual proportion between 77 and 100% of subjects
would be a reasonablevaluef or t hose who would indicate
Ai mprovedo after answering this question

90% CI [0.77, 1].
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Figure 7. Distribution of Reponses
Question #4 (n=9): Using the nutrition facts label, how much is one
serving of this food? How much protein is in one serving? In two

servings?
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Question 5: From the list of foods below, which do not need to be counted as part
of your daily protein intake?
Of the 10 participant responses, two participants selected the correct
answer on the pre-test (20%). Four participants (40%) who answered this
guestion incorrectly on the pre-test chose the correct answer on the post-test.
One participant (10%) reversed the correct answer on the pre-test to incorrect on
the post-test. The three parts of this question were grouped into one score and
graded on a scale from 0 to 3 points. Participants received one point for each
guestion answered correctly to add to a maximum score of 3 out of 3 points.
Participants whose scores increased were considered to have an improved
score. Although not statistically significant (p=0.375), there was a trend towards
improvement in participant response from pre- to post-test. Based on the sample
data, 90% of responders (9/10) reported a responsethati ndi cated fAno cha
(n=5) or ofm#dpspurgogveesdt i ng t hat participantés K
during the month after the education session (Figure 8). In the future, we
estimate that an actual proportion between 65 and 98% of subjects would be a
reasonable valuef or t hose who would indicate fAno c|
answering this question if this study was to be conducted again, 90% CI [0.65,

0.98].
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Figure 8. Distribution of Reponses
Question #5 (n=10): From the lists of foods below, which do not
need to be counted as part of your daily protein intake?
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Question 6: On a scale of 1 to 5, with 1 being extremely likely and 5 being
extremely unlikely, how likely are you to track dietary Phe if there was an easier
method of tracking?
Onthe pre-test,twopar t i ci pant s ¢ twomasicipdmtsehrose | i k el
A mor e ,four kagtitipants chose fimaybe, andtwop ar ti ci pants chose

unl i toe&dckdeetary Phe with an easier method of tracking (Figure 9).

Figure 9. Pre- & post-test likert scale scores (n=10): On a scale of 1
to 5, with 1 being extremely likely and 5 being extremely unlikely, how
likely are you to trackdietary phe if there was an easier method of

tracking?
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Series 1: Pre-test scores
Series 2: Post-test scores

Of the 10 participant responses, one participant (10%) improved her response to
indicate that she was more likely to track dietary Phe and four participants (40%)
gave a poorer response to indicate that they were less likely to track dietary Phe.
The two participantlsi wbloyoesponhdadk fdieetyar

easier method of tracking on the pre-test also did so on the post-test. Although
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not statistically significant (p=0.375), there was a negative trend among

participant responses from pre-test to post-test indicating that they would be less

likely to track dietary Phe intake, even though an easier method of tracking (i.e.

protein counting) was presented in the education session. Based on the sample

data, 60% of responders (6/10) reported a responsethati ndi cated fAno cha
(n=5)o r A mgn=l maivdhtion to track dietary Phe intake with an easier

method of tracking (Figure 10). In the future, we estimate that actual proportions

between 35 and 81% of subjects would be reasonable values for those who

would indicate fAino changeo or @Ai mprovedo a

study was to be conducted again, 90% CI [0.35, 0.81].

Figure 10. Distribution of Reponses
Question #6 (n=10): On a scale of 1 to 5, with 1 being extremely
likely and 5 being extremely unlikely, how likely are you to
trackdietary phe if there was an easier method of tracking?
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CHAPTER 5: DISCUSSION
Summary and ConclusionsO

The 2 main goals of this study were 1. to develop an age-appropriate
educational tool, reviewed and approved by metabolic dietitians, that allows
adolescents and young adults with PKU to count total protein to manage their
metabolic disorder and, 2. to evaluate the effectiveness of the newly-developed
educational tool by instructing a cohort of adolescents and young adults with
PKU to count protein using this tool and subsequently assessing their
knowledge.

Protein counting is a relatively new concept for the dietary management of
PKU and involves a simplified approach to the classic nutrition therapy of
counting dietary Phe. This simplified approach allows freedom to eat certain
fruits, vegetables, and low-protein specialty foods without counting them towards
daily dietary Phe intake and, thus, involves less calculation than counting Phe.
Multiple studies have shown insignificant changes in blood Phe concentrations
with use of a simplified diet, and patients have found it easier to understand and
follow than the traditional Phe tracking methods (32-36). The use of protein
counting could be especially helpful for adolescents and young adults with PKU
who are transitioning to their own self-care and who are motivated to improve
and maintain metabolic control throughout life for optimum cognitive functioning.
However, at this time there is no standardized method of teaching this new

concept to individuals in this age group. This unmet need led to the development
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of this educational tool.

Our pilot study with 10 adolescents and young adults found no significant
changes in knowledge about protein counting or motivation to use this easier
method to track dietary Phe intake after attending the education session.
However, there are still important conclusions that can be drawn from the results
from this small group of subjects. There was a trend towards improvement in
knowledge about protein counting as evidenced by an increase in the number of
participants with correct answers on the post-test compared with the pre-test.
Interestingly, some participants (n=4) responded that they were fmoreu nl i kel y o t
track dietary Phe with an easier method of tracking (i.e. protein counting) on the
post-test; however, responses to post-test question #1b and 2 (shown in Table 4)
suggest that these negative attitudes towards the use of protein counting can be
attributed to factors other than the effectiveness of the handout and tracking
method. Many of the responsesr epor t ed i |fiatzoi on efsadcoh a n d
c o mmi t asdactor®that participants did not like about the protein counting
method. This may be more related to common adolescent and young adult
attitudes and/or behaviors rather than a reflection on the concept of protein
counting for diet management.

This idea has been explored in adolescents with diabetes mellitus. Rausch
et al. (46) monitored glycemic control in children with type 1 diabetes mellitus
who were entering into adolescence and found a significant decline in adherence

to medical treatment after following these children for 2 years. Similarly, Kovacs
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et al. (47) found that nonadherence to medical treatment began more frequently

in middle adolescence (mean age=14 years) suggesting that adolescence is a

Ahigh risko peri od f o Howevergtte predictive factoisn ¢ o mp | i
for treatment adherence in this age group are not well understood suggesting

future research is needed to help target effective tools for improved health care
management. These findings could be applied to adolescents and young adults

with PKU to help improve their treatment compliance.

Assessing the transition and readiness for medical self-management
among adolescents and young adults may be an important factor to consider as
well. Javalkar et al. (48) assessed health care transition and readiness for self-
management among adolescents and young adults diagnosed with various
chronic conditions. Some barriers to transition and readiness for self-
management included specific factors such as sex, median income, and
language. Participants who lived in an area with a greater percentage of females
and had a higher median family income had a significantly greater overall
readiness to transition to health care self-management (48). Increased age was
also found to be related to greater overall readiness to transition suggesting that
young adults may be more ready to transition to their own medical self-
management than adolescents (48). It may be beneficial to take these factors
into consideration when helping transition patients to health self-management
and incorporating patient-centered education. The concept of adolescents

becoming factive patientsd  wadreoinvolved in the diagnosis and treatment
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process is another factor that should be considered. Woynarowska-Soldan et al.
(49) explored this idea in teens with chronic diseases and found that this concept
was not well understood by this age group. This suggests that the transition to
self-management of health care may need to begin at an earlier age in order to
establish appropriate habits to promote health throughout life.

Exploration of factors affecting health care adherence is particularly
important for adolescents and young adults with PKU in order to maintain
optimum cognitive functioning and QOL. Individuals with PKU who are non-
compliant often have an extremely difficult time returning to the diet, even if doing
so can improve QOL (30). Common reasons for non-compliance with the
traditional PKU diet include sociocultural barriers such as poor knowledge of the
complicated diet, problems explaining PKU in social situations, and language
barriers (25,30). Common deterrents to dietary compliance specifically during
adolescence are the power struggle adolescents face with parents and the need
to fit in with peers (25,28). However, Sharman et al. (29) found that adolescents
commonly identified support from family and friends as an encouraging factor for
dietary adherencetomaintai n finor mal 0 c o gBernsteineeal. @D i | i t i e
found that patients considered their families to be the most effective education
tool. To be successful in health education of adolescents and young adults with
PKU, factors that promote acceptance and QOL need to be considered to help
improve knowledge and adherence to dietary treatment.

Strengths and Limitations
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The primary limitation of this study was the small sample size which made
it difficult to perform higher statistical tests with more power to detect statistical
differences between pre- and post-test data. Therefore, it is difficult to conclude
the true significance of changes noted among this cohort of adolescents and
young adults after the education session. In addition, the pre- and post-tests
developed for this study were not validated questionnaires and therefore may
contain specific wording of questions that could have been a cause for confusion
among participants. Even if there were significant changes found in knowledge
and motivation to count protein between the pre- and post-tests, the short follow-
up time (1 month) could have made it difficult to assess any true significance of
the effectiveness of the educational tool and protein counting method. In addition,
the one-time education session was brief (~20 minutes) and only contained
information pertaining to the educational tool and its use rather than focusing on
specific patient needs and motivation.

Strengths of this study include the development, evaluation, and validation
of the educational tool by metabolic RDs across the country providing multiple
parties to comment and rate the tool, therefore improving detection of potential
weaknesses. The one-on-one sessions with the participants reduced distractions
and improved communication between participants and the study coordinator.
Use of the teach-back method with 24-hour recalls to practice protein counting
was also a strength since it allowed participants to demonstrate their

understanding and identify gaps in knowledge that could be addressed before
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the end of the session.
Future Directions

This study suggests that protein counting may be an easier method for
adolescents and young adults to understand. Because this was a pilot study, we
were unable to work with and follow a larger number of participants over time to
assess true changes in metabolic control with use of the protein counting tool.
However, future research also needs to address the use of more effective
methods of health education and address the motivation of adolescents and
young adults to improve metabolic control. For example, Singh et al. (50)
evaluated the effectiveness of a group education intervention on knowledge,
attitudes, and dietary compliance in adolescent girls with PKU attending a
summer camp. Significant reductions in dietary Phe intake, blood Phe
concentrations, and sense of isolation were measured over the short-term during
the camp, although these measures returned to baseline after a one-year period
(50).

Educating adolescents and young adults in a group education setting
could be beneficial to improve knowledge and attitudes toward their disease and
provide a sense of fellowship. Specifically, for patients followed at the CDRC
Metabolic Clinic, this type of education could be incorporated into the Northwest
PKU Alliance Family Camp held every August in Antelope, Oregon. It may be of
benefit to use this tool in a group education setting with a younger adolescent

audience. Having the ability to hold multiple education sessions with younger
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participants, to follow participants over a longer period of time, and to use true
markers of metabolic control may be a more effective method to applying this
educational tool and therefore may lead to improved outcomes with implementing
the simplified diet for this age group.

The simplified diet protocol varies vastly among clinics around the world
with different clinics using different standards for what foods do and do not need
to be counted in the PKU diet (51,52). It is important to standardize the simplified
diet among these clinics to make the management of PKU less confusing and
improve outcomes for these patients.

With earlier introduction of simplified diet education, earlier transition to
self-management of medical care, and encouraged support from parents and
peers, adolescents and young adults with PKU could improve their treatment
compliance and ultimately their overall QOL. Practitioners need to consider these
factors when developing an education strategy for their patients with PKU in this

age group.
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APPENDICES

APPENDIX A: Recruitment Letter

| IRB Approved: 5/18/2016 |
School of Medicine g

OREGON Department of Molecular and Medical Genetics vztmlca@::’:x
HEALTH HSU g?&?vz'.&n%mmm
&SCIENCE 527682 | on 503 456-e008
UNIVERSITY
Date:
Dear .

We are recruiting subjects for a study entitled “Development and Evaluation of an Educational
Tool to Count Protein for Adolescents and Young Adults with PKU IRB# 15229 ", which will
evaluate the effectiveness of a new educational tool designed to teach protein counting as a
method of managing PKU. You are being asked to participate in this study because you (or your
child) have PKU, are a patient at OHSU and are between the ages of 13 to 25 years. This study
will be conducted at Oregon Health & Science (OHSU) Metabolic Clinic. The study is approved
by the OHSU Institutional Review Board.

The purpose of this study is to evaluate an educational tool for protein counting by assessing
patient knowledge and clinical outcomes. Counting protein is @ new system in dietary
management of PKU that may be an easier method of counting phenylalanine (Phe) intake.
However, there are few educational resources to teach this new method to adolescents and young

adults with PKU.
Participation in this study is voluntary. A copy of the informed consent for the study is enclosed

which describes the study and what it involves. The study coordinator, Nicole Choyce, will
contact you in the next week to answer any questions, see if you (or your child) may be
interested in participating and to review the consent form with you. If you have any questions or
concerns, [ am happy to discuss them with you. My contact information is listed below.

Thank you for considering participating in this research study.
Sincerely,

Sandy Van Calcar, PhD, RD, LD

Dietitian, OHSU Metabolic Clinic

Phone: 503-474-5500

Email: vancalca@ohsu.edu

Oregon Health & Science University

3181 SW Sam Jackson Park Rd. Mail code GH207
Portland, OR 97239
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IRB#15229
Telephone Recruitment and Screening Script Template

Hello, my name is . I'm calling from Oregon Health & Science University about a
research study, Am I speaking to (name of recruit or parent/guardian)?

If “no,” wait for recruit to pick up, arrange to leave a message, or ask for a time to call back.
If “yes™:

I got your phone number from the OHSU Metabolic Clinic. Is this a good time to talk? I expect
this phone call will take about 10 minutes.

Arrange to call at another time, if appropriate.

I'm calling about a rescarch study involving individuals with PKU called “Development and
Evaluation of an Educational Tool to Count Protein for Adolescents and Young Adults with
PKU™. The purpose of this study is to evaluate a new educational tool for protein counting by
assessing patient knowledge. Letter and consent forms were sent about a week ago to give you
details about the study.

I'm calling to see if you have any questions and if you may be interested and eligible to
participate in the study. If it looks like you might be eligible, the study will take place during
your upcoming appointment in the OHSU metabolic clinic on (insert date). During this time, we
will discuss the study with you in more detail and you can decide if you want to participate. You
do not have to participate in this study.

Review the study protocol and answer questions.

Before we go on, let me tell you a little bit about your rights as a research subject.

The main risk of answering my questions today is loss of confidentiality. However, we will do
our best to keep your information confidential by keeping it coded with a subject identification
number and kept on a password-protected computer.

You don't have to answer these questions, and you can choose to stop at any time without
penalty. If you have further questions about the study, you can call us at 503-474-5500. If you
have questions about your rights as a research subject or research-related injuries, you can call
the OHSU Research Intergrity Office at 503-494-7887.

May I go ahead with the eligibility questions?

If no, thank the individual and end the call.
If yes, individual is interested:

Before we discuss the study, I'm going to give a list of things that would PROHIBIT you from
being in the study. Please do not indicate if these things apply to you until the end of the list.
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When I'm finished with the list, feel free to ask questions or tell me if you do NOT have any of
the following.

The list of criteria presented to a potential subject will depend on his/her sex and age
* Diagnosis of pregnancy
* A nursing mother
e A diagnosis of a concurrent illness
o English is not his/her primary spoken language

If any of those things are true for you, you cannot participate in the study. Does it look like you
might still be eligible?

If yes: Document eligibility response and make appointment, if appropriate.
If no:
Thank you for your time.
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APPENDIX C: Consent & Assent Forms

IRB Approved: 5/18/2016

OREGON Approval Expires: 3672017
HEALTH&SCIENCE MED, REC.NO, ____
el UNIVERSITY NAME .
BIRTHDATE
IRB#: _ 15229

Clinical Research Consent Summary

TITLE: Development and evaluation of an educational tool to count protein for adolescents and
young adults with PKU

PRINCIPAL INVE ATOR: Sandy Van Calcar, PhD, RD (503) 474-5500

You are being asked to join a research study. You do not have to join the study. Even if you
decide to join now, you can change your mind later.

The purpose of this study is to evaluate a new educational tool for protein counting by
assessing patient knowledge. Counting protein is a new system in dietary management of
phenylketonuria (PKU), and there are few resources for this as an intervention to manage
phenylalanine (Phe) intake. We do not know if the protein counting system used in the
education tool is better than the usual approach of counting milligrams of Phe for treating PKU.

This study requires 1 visit to the clinic where you will leam how to use the protein
counting tool and one phone call one month after the clinic visit to follow-up on your use of this
tool. This study will enroll 10-15 adolescents and young adults with PKU, ages 13-25 years, who
are currently followed at the OHSU Metabolic Clinic. There is a potential risk for loss of
confidentiality involved with participation in this study.
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OREGON
HEALTH&SCIENCE MED.REC.NO. ____
UNIVERSITY NAME —
BIRTHDATE
IRB#: _ 15220

Clinical Research Consent and Authorization Form

TITLE: Development and evaluation of an educational tool to count protein for adolescents and
young adults with PKU

PRINCIPAL INVESTIGATOR: Sandy Van Calcar, PhD, RD (503) 474-5500

CO-INVESTIGATORS: Joyanna Hansen, PhD, RD (503) 494-4263
Nicole Choyce, BS (408) 409-0231

SUPPORTED BY: Oregon Health & Science University — Doembecher Children's Hospital

PURPOSE:

In this form, "you™ means you or your child. You have been invited to be in this research study
because you have phenylketonuria (PKU). The purpose of this study is to evaluate a new
educational tool for protein counting by assessing patient knowledge. Counting protein is a new
system in dietary management of PKU, and there are few resources for this as an intervention
to manage phenylalanine (Phe) intake. There is a need for age-appropriate educational
materials that will teach adolescents and young adults with PKU how to count and track protein
as an easler method of dietary management. We do not know if the protein counting system
used in the educational tool is better than the usual approach of counting milligrams of Phe for
treating PKU.

This study requires 1 visit to the clinic or 1 in-home visit and one follow up phone call one month
after the scheduled visit.

This study will enroll 10-15 adolescents and young adults with PKU, ages 13-25 years, who are
currently followed at the OHSU Metabolic Clinic.

PROCEDURES:

The study session will be scheduled during your usual clinic visit to the Metabolic Clinic or a
scheduled in-home visit. You will be given a pre-test upon arriving for the scheduled visit. The
pre-test will include questions to assess your knowledge and interest in protein counting as a
potentially easier way for you to count your Phe intake. There will also be a question regarding
your preferred method for future contact (mail, email, or both). The scheduled education session
will last approximately 30 minutes. During the first 15 minutes, use of the education tool will be
explained to you and you may ask any questions you might have. You will be asked to write
down everything you eat and the amounts you eat for 24 hours prior to coming in for your visit.
You will use this and the phenylalanine prescription from your medical records during the
remaining 15 minutes of your session to practice the protein counting method that was taught to
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you. You will be asked to teach the use of the educational tool back to the study investigator as
you understood it.

One month after the scheduled session, you will be mailed or emailed a post-test. The post-test
will include similar questions to the pre-test to assess any changes in your knowledge and your
use of the protein counting method. You will also receive a brief follow-up telephone call as a
reminder to complete and return the post-test evaluation within one to two weeks of receiving
the test.

Visit 1 Follow up
Day 1 Day 30
Discussion about the X
study and signing
consents
Pre-test X
Educational Session X
Post-test & follow up X
phone call
Total time 1 hour 15-30 minutes

RISKS AND DISCOMFORTS:

Some of these questions may seem personal or embarrassing. They may upset you. You may
refuse to answer any of the questions that you do not wish to answer. There is a potential risk
for loss of confidentiality by being involved in this study.

BENEFITS:
You may or may not personally benefit from being in this study. However, by serving as a
subject, you may help us learn how to benefit patients in the future.

ALTERNATIVES:
You may choose not to be in this study. You do no need to participate in the research study to
receive treatment for PKU from the OHSU Metabolic Clinic.

CONFIDENTIALITY

We will take steps to keep your personal information confidential, but we cannot guarantee total
privacy. All data will be entered and stored into an OHSU encrypted computer. Participants will
be assigned numbers and will have no identifiers associated to them. The original
questionnaires will be stored in a locked cabinet in the principal investigator’s office and kept
until all data is analyzed and published.

We will create and collect health information about you as described in the Purpose and
Procedures sections of this form. Health information is private and is protected under federal

law and Oregon law. By agreeing to be in this study, you are giving permission (also called
authorization) for us to use and disclose your health information as described in this form.
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The investigators, study staff, and others at OHSU may use the information we collect and
create about you in order to conduct and oversee this research study.

Under Oregon law, suspected child or elder abuse must be reported to appropriate authorities.

We may release this information to others outside of OHSU who are involved in conducting or
overseeing research, including the Office for Human Research Protections, a federal agency
that oversees research involving humans. They may also be permitted to review and copy your
records.

Data from this study may be shared with other investigators at OHSU for future research
studies. All identifying information about you will be removed from the data before it is released
to any other investigators.

None of the information collected and created in this study will be placed in your OHSU medical
record,

We will not release information about you to others not listed above, unless required or
permitted by law. We will not use your name or your identity for publication or publicity
purposes, unless we have your special permission.

When we send information outside of OHSU, they may no longer be protected under federal or
Oregon law. In this case, your information could be used and re-released without your
permission.

We may continue to use and disclose your information as described above indefinitely.

COMMERCIAL DEVELOPMENT:

Information obtained from you in this research may be used for commercial purposes, such as
making a discovery that could, in the future, be patented or licensed to a company, which could
result in a possible financial benefit to that company, OHSU, and its researchers, There are no
plans to pay you if this happens. You will not have any property rights or ownership or financial
interest in or arising from products or data that may result from your participation in this study.
Further, you will have no responsibility or liability for any use that may be made of your
information.

COSTS: There will be no cost to you or your insurance company to participate in this study.

LIABILITY:
If you believe you have been injured or harmed as a result of participating in this research and
require treatment, contact Sandy Van Calcar, PhD, RD at (503) 474-5500.

If you are injured or harmed by the information collected, you will be treated. OHSU does not
offer any financial compensation or payment for the cost of treatment if you are injured or
harmed as a result of participating in this research. Therefore, any medical treatment you need
may be billed to you or your insurance. However, you are not prevented from seeking to collect
compensation for injury related to negligence on the part of those involved in the research,
Oregon law (Oregon Tort Claims Act (ORS 30.260 through 30.300)) may limit the dollar amount
that you may recover from OHSU or its caregivers and researchers for a claim relating to care
or research at OHSU, and the time you have to bring a claim.
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If you have questions on this subject, please call the OHSU Research Integrity Office at (503)
494.7887.

PARTICIPATION:
If you have any questions, concems, or complaints regarding this study now or in the future,
contact Sandy Van Calcar, PhD, RD at (503) 474-5500,

This research is being overseen by an Institutional Review Board ("IRB”). You may talk to the
IRB at (503) 494-7887 or irb@ohsu.edu if:
Your questions, concerns, or complaints are not being answered by the research
team.
* You want to talk to someone besides the research team.
* You have questions about your rights as a research subject.
* You want to get more information or provide input about this research.

You may also submit a report to the OHSU Integrity Hotline online at
https://secure.ethicspoint.com/domain/media/en/gui/18915/index.html or by calling toll-free (877)
733-8313 (anonymous and available 24 hours a day, 7 days a week).

Your participation in this study is voluntary. You do not have to join this or any research study.
You do not have to allow the use and disclosure of your health information in the study, but if
you do not, you cannot be in the study.

If you do join the study and later change your mind, you have the right to quit at any time. This
includes the right to withdraw your authorization to use and disclose your health information. If
you choose not to join any or all parts of this study, or if you withdraw early from any or all parts
of the study, there will be no penalty or loss of benefits to which you are otherwise entitied,
including being able to receive health care services or insurance coverage for services. Talk to
the investigator if you want to withdraw from the study.

If you no longer want your health information to be used and disclosed as described in this form,
you must send a written request or email stating that you are revoking your authorization to:

Sandy Van Calcar, PhD, RD

Asst. Professor, Department of Molecular and Medical Genetics
Oregon Health and Science University

3181 Sam Jackson Park Rd.

Mailcode GH 207

Portland, OR 97239

vancalca@ohsu.edu

Your request will be effective as of the date we receive it. However, health information collected
before your request is received may continue to be used and disclosed to the extent that we
have already acted based on your authorization.

The information we will collect from you will not be stored with your name or any other identifier.

Therefore, there will not be a way for us to identify and destroy your materials if you decide in
the future that you do not wish to participate in this research.
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