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Objective: To measure change in patient activation and self-efficacy in individuals with phenylketonuria (PKU)
before and after a 6-month phone-based motivational interviewing (MI) intervention and determine the feasibil-
ity of implementing dietary counseling for PKU using an MI approach.

Methods: Participants (n = 31) included preadolescents (7-12 years), adolescents (13-17 years), and adults (18-
35 years) with early-treated PKU. Participants completed online questionnaires assessing self-reported stage of
change (SOC), patient activation, and self-efficacy for PKU self-management behaviors. The intervention included
monthly phone-based dietary counseling using MI during which participants set monthly goals.

Results: Patient activation and self-efficacy were significantly different by age group (both p < 0.01) with higher
scores in older participants. Self-efficacy significantly increased from baseline to month 6 among adolescents and
adults (7.4 4+ 1.9 and 8.6 + 1.3, respectively, p = 0.002). Preadolescents did not have a significant change in self-
efficacy (p = 0.79). There was no increase in patient activation for preadolescents or adolescents/adults (p =
0.19 and p = 0.24, respectively). Indicators of learning problems were not significantly associated with self-
efficacy (p = 0.33) or patient activation (p = 0.83).

Conclusion: These results demonstrate the feasibility of implementing phone-based dietary counseling for PKU
using MI. This study also supports further investigation of MI as an intervention approach to improving self-
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efficacy and self-management behaviors in adolescents and adults with PKU.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Poor treatment adherence is frequently reported among individuals
experiencing chronic illness [1-4], including those with phenylketon-
uria (PKU). In individuals with PKU, there are multiple studies reporting
rising blood phenylalanine (Phe) concentrations with age [5-7] and
high rates of loss to follow up with only an estimated 23% of adults
with PKU receiving treatment from a metabolic center in 2012 [8,9].

Adherence to daily medical and/or dietary regimens becomes in-
creasingly more difficult as treatment complexity increases [10,11].
The ability to adhere to PKU treatment recommendations may be fur-
ther impaired by subtle cognitive deficits or psychiatric symptoms [12,
13]. Treatment of PKU is multifaceted, and successful management in-
cludes daily monitoring of dietary Phe or protein intake, consumption

Abbreviations: IEP, individualized education program; ID, intellectual disability; IQR,
interquartile range; MI, motivational interviewing; PAM, Patient Activation Measure;
Phe, phenylalanine; PKU, phenylketonuria; SOC, stages of change.
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of a Phe-free medical formula, weekly to monthly monitoring of blood
Phe levels, and regular food records and appointments with a metabolic
clinic [14]. In a study of 19 families with PKU, all children reported dif-
ficulty following the diet and 91% reported problems drinking medical
formula. Maladaptive strategies to address these difficulties were corre-
lated with elevated blood Phe levels [15]. Strategies to facilitate behav-
ior change are needed to improve treatment adherence in individuals
with PKU.

Tailored interventions based on an individual's self-reported readi-
ness to change have been shown to be more effective for improving
health behavior change compared to more traditional approaches
[16-20]. Stages of change (SOC), first described by James Prochaska
and Carlo DiClemente [21], are a means of conceptualizing the process
people experience as they evolve from having minimal insight and/or
desire to change a behavior to the point at which they have changed
this behavior and maintained this change. SOC reflect one's readiness
to engage in behavior change [21,22]. Motivational interviewing (MI)
is an intervention that incorporates a provider's understanding of their
patient's current SOC to provide tailored counseling to support the
patient's ability to progress towards the desired behavioral change. MI

2214-4269/© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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is a patient-centered, collaborative style of communication that elicits a
patient's intrinsic motivation for change. MI employs strategies, such as
reflective listening, supporting patient autonomy to decide whether or
not to change, monitoring the patient's degree of readiness to change,
affirming the patient's choices, and reducing resistance. The practitioner
guides the patient and helps them identify discrepancies between their
current actions and desired outcomes, creating opportunity for the pa-
tient to develop motivation to change [23-27].

In several chronic medical conditions, multiple studies and meta-
analyses support the effectiveness of MI for improving self-efficacy,
self-management behaviors, and health outcomes [28-33]. For exam-
ple, one meta-analysis reported improved self-efficacy with Ml in pa-
tients with diabetes, cardiovascular disease, or smoking, producing an
overall effect size of 1.39 (95% CI 1.09-1.78) [31]. MI has been associated
with subjective and objective measures of improved disease manage-
ment including self-monitoring (blood sugar, food intake, and exercise),
glycemic control, blood pressure, cholesterol, HIV viral load, and body
weight [31,34,35]. MI has also demonstrated positive results in a variety
of settings [28,36-38], and age groups [32,33,39,40].

Patient activation also appears to mediate health behavior change.
Patient activation refers to the knowledge, skills, confidence, and motiva-
tion to manage one's own health [41]. Increased patient activation has
been consistently associated with improved self-management behaviors,
health outcomes, and reduced health care costs among individuals with a
variety of chronic diseases [11,19,42-48]. Improvements in patient acti-
vation occur over a continuum and can be measured across self-care skills
rather than linked to a single targeted behavior [49]. This characteristic
lends itself to studying patient progress towards better disease self-
management across multiple health behaviors related to this goal.

Like patient activation, increased self-efficacy coincides with im-
proved health behaviors. Self-efficacy is the belief that one can successful-
ly implement a behavior required to achieve the desired outcome [22].
Meta-analyses have reported higher self-efficacy is associated with in-
creased participation in recommended self-care in adults with type 1
and 2 diabetes and adherence to antiretroviral therapy in individuals
with HIV [11,48]. Self-efficacy appeared to be a critical component in
moving from goal setting to goal completion in a study of adolescent fe-
males making healthy food choices [47]. Crone et al. found that increased
parental self-efficacy regarding medical formula intake (p = 0.007) and
raising a child with PKU (p = 0.028) was associated with improved
blood Phe levels in their children [50]. Enhancing self-efficacy among in-
dividuals with PKU, as with other chronic diseases, may serve an impor-
tant role in increasing treatment adherence related to PKU.

The aim of the current before-and-after study was to (1) measure
change in patient activation and self-efficacy during the course of the in-
tervention and (2) determine the feasibility of implementing dietary
counseling for PKU using an MI approach. As a frontier state, Utah's pop-
ulation is spread over 85,000 mile?. The catchment area of Utah's prima-
ry PKU clinic includes Utah, Idaho, and Wyoming. Because many
patients residing in other states also face challenges related to the phys-
ical proximity of their closest PKU clinic, an additional component of
this study was the implementation of intervention through phone con-
tact, rather than in-person.

2. Methods
2.1. Participants

Study participants were individuals aged 7-35 years, diagnosed with
PKU on newborn screening and treated within one month of birth, En-
glish speaking and had internet access at home. Exclusion criteria in-
cluded 1) intellectual disability (IQ < 70), 2) pregnancy, as excess Phe
is teratogenic and requires different treatment guidelines [51], 3) hyper-
phenylalaninemia not requiring dietary treatment, and 4) concurrent
participation in clinical trial(s) testing enzyme substitution therapy. Pa-
tients were identified and recruited through the Utah Metabolic Clinic

from December 2013 to July 2014. Participants were compensated
monetarily for their time. The University of Utah Institutional Review
Board approved this study and written consent - and child assent, if ap-
propriate — was obtained for all participants.

2.2. Measures

2.2.1. Stages of change

A questionnaire based on a format previously shown to be reliable
was compiled to assess participants’ current SOC [52,53]. Treatment of
PKU is complex and multiple behaviors contribute to blood Phe levels
[54]. The following three behavioral domains were chosen to assess
SOC: meeting dietary Phe/protein goals, reaching medical formula
goals, and making healthy food choices. Although, healthy food choices
may not affect Phe levels to the extent that Phe/protein and medical for-
mula do, the inclusion of this domain provided opportunity to discuss
other areas of improvement for those already meeting Phe/protein
and formula goals. This goal also provided an option for participants
not yet ready to discuss working towards Phe/protein or formula
goals. Participants were asked to select the most important behavior
from a list within each behavioral domain (Table 1). The participant
could write in an additional behavior of interest if items listed were
not felt to be pertinent. For each domain, the SOC was scored on a pro-
gressive scale from 1 (absence of the desire to change behavior,
precontemplation) to 5 (presence of the desire to maintain a changed be-
havior, maintenance).

2.2.2. Patient activation

Activation was measured with the PAM-13. This questionnaire mea-
sures perceived knowledge, ability, and confidence to manage one's
health [49]. PAM-13 scores range from O to 100, and this score can
then be divided into four levels of activation [41]. These levels reflect a
patient's belief that he/she should play an active role in self-care and
collaborate with providers (level 1), knowledge about one's disease
and its treatment (level 2), confidence to support new behaviors
(level 3), and ability to maintain lifestyle changes in times of stress
(level 4) [49]. The PAM-13 has been validated in adults, but not in chil-
dren [49].

2.2.3. Self-efficacy

Self-efficacy was measured with a modified version of the 8-item Di-
abetes Self-Efficacy Scale developed at the Stanford Patient Education
Research Center [55,56]. Items were ranked on a 10-point Likert scale
ranging from 1 (not confident) to 10 (totally confident). The total score
reflected the average of the eight items rather than the sum to maintain

Table 1
List of behavioral targets for stage of change questionnaire.

Domain List of behaviors

Dietary Phe/protein Count how much Phe/protein [ eat

Keep diet records

Plan meals beforehand

Watch my portion sizes

Prepare meals at home

Drink all formula every day

Drink formula several times per day

Make my own formula

Bring my formula to school/work

Try a different formula or try to improve
the taste of my current formula

Eat more fruits/vegetables

Drink fewer sweetened drinks (soda, juice)
Eat out less often (restaurants, fast food)
Eat fewer “junk foods” (chips, cookies, candy)
Cook meals at home more often

Medical formula

Healthy food choices

Phe, phenylalanine.
Note: Participants were asked to “Choose the single most important thing you could per-
sonally do to meet your goals” for each domain.
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the original metric. The wording of items 2, 5, 6, and 8 was revised to be
applicable to PKU (e.g., substituting “blood sugar” with “phenylala-
nine”). Similarly, the topics of item 1 and 4 were replaced with state-
ments regarding the ability to consume medical formula and collect
blood samples, as the original topics (frequent meals and exercise)
were not components of PKU management.

2.2.4. Blood phenylalanine

Participants collected a blood Phe sample via finger stick at enroll-
ment and were asked to collect monthly blood samples as part of stan-
dard of care monitoring during the study.

2.3. Intervention

Summarizing and goal setting are important elements of MI. The in-
tervention included three components of MI: summary report, monthly
phone-based dietary counseling, and goal setting.

2.3.1. Summary report

A monthly PDF was emailed to participants to summarize previous
responses. It displayed each participant's current SOC for selected be-
haviors within the three domains, monthly goal, prescribed protein in-
take, and average protein intake over the past month estimated from
a validated food frequency questionnaire [57]. Participants received
the summary prior to phone-based MI with instructions to review the
information prior to the call, though they were not required to view
the summary during the conversation.

2.3.2. Phone-based motivational interviewing

Participants were contacted by phone once per month during the 6-
month intervention. Author KV delivered the Ml intervention. The inter-
ventionist received more than 30 h of MI training via workshops, indi-
vidual coaching and expert practice feedback. The sessions were audio
recorded and a random sample was reviewed by contributor MA, who
was also trained in MI, to evaluate reliability of the MI intervention
and give practice feedback. Calls were made after metabolic clinic staff
received monthly blood Phe results, generally 5-10 days after sample
collection. For participants <18 years of age, telephone counseling was
conducted with either (1) the caregiver and participant concurrently
or (2) the participant alone followed by a verbal summary provided to
the caregiver.

The interventionist reviewed topics on the summary and the
participant's blood Phe result at the beginning of the session. After the
initial discussion, participants were asked if he/she would like to focus
on anything in particular the following month. A list of options was pre-
sented if the participant did not have a particular topic in mind. MI tech-
niques aimed to understand the participant's goals and values, barriers
to change, and elicit personal motivation for change were used during
the session to explore potential behaviors to target and, if appropriate,
to create a monthly goal.

2.3.3. Monthly goals

Topics for monthly goals were derived from the discussion, particu-
larly participant change talk, in which the participants' words favored
behavior change. While current SOC for behavioral domains were
discussed during the phone conversation, the participant had the option
of choosing a goal that was separate from the behaviors selected on the
SOC questionnaire. Each month participants were asked if they would
like to form a goal, though they were reminded they could choose to
maintain current health if they did not identify a specific change they
were ready to implement. If the participant was interested in creating
a goal, the interventionist assisted to design goals that met SMART
guidelines [58]. The interventionist reviewed the participant-reported
progress of the previous month's goal and discussed next steps during
the following month's telephone conversation.

24. Data collection

Study data were collected and managed using the REDCap electronic
data capture tools hosted at University of Utah [59]. Participants were
instructed on questionnaire completion during an in-person baseline
visit. All questionnaires were emailed to participants and completed on-
line using REDCap survey tools. Participants under 18 years of age were
asked to complete the questionnaires with a caregiver. KV clarified indi-
vidual responses with participants over the phone as needed. The SOC
and food frequency questionnaires were administered monthly. Patient
activation and self-efficacy questionnaires were completed at baseline
and months 3 and 6.

Demographic and treatment information including date of birth, sex,
current protein and medical formula prescriptions, and eligibility for an
individualized education program (IEP) were obtained from the elec-
tronic medical record. IEP eligibility was used as a proxy for the pres-
ence of learning problems. Adult participants were classified based on
previous IEP eligibility.

2.5. Data analysis

Demographic, questionnaire and monthly goal data were summa-
rized using descriptive statistics: continuous variables were reported
as mean 4 standard deviation if normally distributed and median (in-
terquartile range) if not normally distributed, and categorical variables
were reported as frequencies. Differences between data at baseline
were assessed via Fisher's exact test for categorical data and one-way
ANOVA for continuous data. Correlation between total goals created
and total goals achieved was assessed with Spearman correlation coef-
ficients due to the small sample size.

Due to repeated measurements in each participant, we used random
effects linear regression to evaluate differences between IEP eligibility,
age categories, and number of goals created and achieved. Random ef-
fects linear regression was also used to compare baseline patient activa-
tion and self-efficacy to month 3 and month 6 scores, controlling for
potential confounders. We used an intention-to-treat analysis. Statisti-
cal analyses were performed using Stata 13.0 (StataCorp, College Sta-
tion, TX). Significance was defined as a two-sided p-value with alpha
of 0.05.

3. Results

Forty-six percent of patients invited (n = 31) to participate enrolled
in the study (Fig. 1). Participants fell into three age categories, preado-
lescents (7-12 years), adolescents (13-17 years), and adults (18-
35 years, Table 2). Approximately half (n = 17) of participants' blood
Phe concentrations were above the therapeutic range at enrollment
(120-360 pmol/L) [51]. Participants completed a median (IQR) of 5
(4-6) of the 6 monthly phone-based MI sessions. The sessions were
brief with the median (IQR) duration of 13 min (10.5-16). Thirty-one
participants completed baseline questionnaires, 28 completed month
3 questionnaires, and 26 completed month 6 questionnaires.

3.1. Stages of change

At baseline, most participants reported being in action or mainte-
nance stages for PKU management behaviors (Table 3), and no partici-
pants were pre-contemplative for all three behavioral domains. There
was no significant difference in baseline SOC between age categories
or baseline Phe category (> or <360 pmol/L) for any domain (data not
shown). Participants indicated their current SOC for one behavior per
month within each domain. Most chose different behaviors throughout
the intervention (n = 20 for Phe/protein goals, n = 13 for formula goals,
and n = 20 for healthy choices). The number of different behaviors se-
lected for the three behavioral domains were not significantly associat-
ed with the SOC for that domain (data not shown). Of the seven
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Patients with PKU in the metabolic
clinic patient database (n=183)

Excluded (n=89)
s Moved (n=26)
Age criteria (n=24)

Intellectual disability (n=17)

Spanish speaking (n=1)

Excluded (n=26)

Initial eligibility identification

(n=93)

Hyperphenylalaninemia
(n=5)
Concurrent participation in

Lost to follow up for >36

months

clinical trial(s) (n=16)

Eligible patients invited to

Declined (n=37)
" Time requirements (n=2)

particlpsts (1766) Travel for baseline visit
.._ (n=2)
Attrition (n=5) Health/family concerns
. Discontinued after month (n=2)
one due to time requirements hApEm enrolled Blood samples (n=1)
(n=1) (n=31)

No response (n=14)

Lost to follow up after month

two (n=1) and five (n=2)

No reason provided (n=16)

Pregnancy at month two,
remainder of data censored

(n=1)

Completed month six
(n=26)

Fig. 1. Flow chart of participant recruitment, enrollment, and retention. Patients in the metabolic clinic database include all known patients in Utah who have been seen in our clinic and a

portion of patients from surrounding states, including Idaho and Wyoming.

participants who were pre-contemplative or contemplative at baseline,
three did not complete month 6 measures while four completed the
study and reported increasing SOC scores during the study's course. Be-
cause all participants were not consistent across time points in regards
to the behaviors on which they chose to focus, hypothesis testing was
not performed for change in SOC across the intervention.

3.2. Monthly goals

Participants created a total of 118 goals during 150 cumulative
counseling sessions. Goals varied throughout the intervention with a
median (IQR) of 3 (2-4) distinct goals per participant. Of these, 58.4%
of goals were achieved per participant report. The number of different
goals was not correlated with the percentage of goals achieved (p =
0.80). Monthly goals were not always consistent with the behaviors se-
lected on the SOC questionnaire. Nearly one third (31.4%) of participant
goals were focused on Phe/protein intake, 22% medical formula intake,
21.2% healthy choices, 17.8% exercise, 5.1% regular medication intake,
and 2.5% non-health related topics. The total number of goals created
and the number of goals achieved during the intervention were not sig-
nificantly different by IEP eligibility (p = 0.36 and p = 0.59, respective-
ly) or associated with baseline stage of change (p = 0.63 and p = 0.63,
respectively), patient activation (p = 0.66 and p = 0.45, respectively),
or self-efficacy scores (p = 0.93 and p = 0.99, respectively).

3.3. Patient activation and self-efficacy

At baseline, most participants had PAM scores reflecting high levels
of activation (13% level 3 and 58% level 4), and moderate self-efficacy
scores (Table 4). Participants who completed the intervention and
those who discontinued prior to 6 months (Fig. 1) had similar median
(IQR) patient activation scores (71 (53-78) and 69 (50-73), p = 0.94)
and self-efficacy scores (7.9 (5.4-8.8) and 7.3 (5.1-8.8), p = 0.64) at
baseline. Over the course of the study, 4 participants maintained their
baseline activation scores, 15 participants increased activation scores,
and 4 participants decreased activation scores. Total self-efficacy scores
increased for 19 participants during the intervention and decreased for
7 participants. There was no significant difference in the change in PAM
or self-efficacy scores over the 6-month intervention by baseline Phe
category (p = 0.52 and p = 0.17, respectively).

Self-management responsibilities increase with age, [60] and a con-
comitant increase in activation and self-efficacy were expected. In our
participants, patient activation and self-efficacy scores were significant-
ly different among age categories (p < 0.01 for both). The mean activa-
tion score was 61.4 4+ 18.5 for preadolescents, 70.5 + 18.9 for
adolescents, and 74.5 + 14.6 for adults. The mean self-efficacy score
was 6.7 + 1.7 for preadolescents, 7.7 £ 1.5 for adolescents, and 8.1 £+
1.7 for adults.

The change in patient activation and self-efficacy was assessed with
random effects linear regression (Fig. 2). IEP eligibility was not included

Table 2
Demographic and baseline treatment information for participants with PKU presented as median (IQR) or frequency.
Total Preadolescent Adolescent Adult p-Value®
n=31 (7-12 years) (13-17 years) (218 years)
n=11 n=>5 n=15
Age (years) 17.2 (9.8-26.5) 9.5 (7.5-11.5) 16.4 (15.1-16.8) 26.5 (20.4-30.2)
Phe level at enrollment (uM) 390 (209-579) 317 (140-433) 573 (495-865) 491 (226-686) 0.036
Female 22 8 1 13 0.032
Overweight/obese 16 2 3 11 0.016
IEP? 7 2 1 4 1.00
Taking medical food” 28 10 5 13 1.00
BH4 treatment 14 8 1 5 0.09

BH4, tetrahydrobiopterin; IEP, individualized education program; IQR, interquartile range; Phe, phenylalanine.
¢ Participants currently or previously eligible for an IEP in school as an indicator of learning impairment.

b Participants reporting regular medical food intake at enrollment.

¢ Differences between groups assessed with Fisher's exact test for categorical data and one-way ANOVA for continuous data.
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Table 3
Baseline stage of change for three behavioral domains.
Phe/protein goals ~ Formula goals  Healthy food choices
Precontemplation 1 - -
Contemplation 6 - 5
Preparation 5 5 5
Action 5 6 10
Maintenance 14 20 11

Note: Baseline stage of change reflects a behavior with each domain selected by each
participant.

in the model, as it was not significantly associated with patient activa-
tion or self-efficacy in bivariate regression models (p = 0.83 and p =
0.33, respectively). Considering the difference in mean activation and
self-efficacy among age groups, we stratified the analysis by age catego-
ry. However, adolescents and adults were combined into a single cate-
gory, as there were only five participants in the adolescent category.
Patient activation did not significantly change over the course of the in-
tervention for either group (Fig. 2A). However, self-efficacy scores sig-
nificantly increased among adolescents and adults from baseline to
month 3 (3 = 0.52, p = 0.023) and month 6 (3 = 1.07, p = 0.002),
though this was not found in the preadolescent group at month 3 or 6
(p = 038 and p = 0.79, respectively; Fig. 2B).

4. Discussion

This study describes the implementation of phone-based dietary
counseling using motivational interviewing to support patients' efforts
at managing PKU. Patients' knowledge and engagement in their own
care are crucial for chronic disease management. Incorporating motiva-
tional interviewing into dietary counseling for PKU provides an oppor-
tunity to enhance motivation while teaching skill building in this
patient population.

Measures of self-efficacy reflect participants' beliefs that they can
successfully implement a behavior required to achieve the desired out-
come. At the start of this study, participants reported a moderate degree
of self-efficacy in regards managing their PKU. After the 6-month MI in-
tervention, self-efficacy significantly increased (Fig. 2B) among adoles-
cents and adults demonstrating an improvement in self-confidence for
managing a variety of behaviors related to PKU treatment. However, in-
crease in self-efficacy was not found among preadolescents. This may be
related to the variation in self-management skills expected at different
ages. Adolescents and adults have greater self-management responsi-
bilities compared to younger participants; therefore, confidence regard-
ing some PKU management skills may be applicable to older
participants.

MI has been demonstrated to be beneficial with patients of a variety
of ages [31-33]; yet, developmental stages and unique PKU-related
stressors merit special consideration when evaluating Ml in this popula-
tion. This sample included participants aged 7-35 years. While it is cru-
cial to engage younger patients and provide opportunity for skills
mastery [54,61,62], differences in the efficacy of MI in the youngest

85 p=024

. | |
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70-
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55
bl p=019

451 A

401

Patient Activation

p =0.002

9.5

o
n
d

Self-Efficacy

p=0.79

B

0 3 6
Month

Preadolescents + Adolescents and Adults +

Fig. 2. Predicted means 4 standard error for patient activation (A) and self-efficacy (B) for
preadolescents and adolescents/adults from baseline to month 3 and month 6. Random
effects linear regression used to estimate slope in patients with PKU. Patient activation
was scored from 0 to 100, and self-efficacy was scored from 1 to 10. Higher scores
reflected increased activation or self-efficacy for both measures.

participants compared to adult participants were identified. This finding
may be attributed to inherent limitations of early developmental stages
in regards to understanding illness-related concepts, expressing
thoughts and feelings verbally, and linking current behavior with past
events or long-term goals [63]. Therefore, motivational interviewing
targeting preadolescents with PKU would be most effective when en-
gaging both parents and children in the intervention process and iden-
tifying common goals to facilitate their implementation [32]. In
contrast, Ml is well suited for adolescence considering this period is typ-
ically characterized by ambivalence, desire for autonomy, and develop-
ment of self-identity [63-65]. Additionally, Ml may be a beneficial
component to initiatives that engage adult patients lost to follow up in
a metabolic clinic [8].

Participants' SOC assessment prior to the monthly MI intervention
provided the context of their current readiness to take action and a
starting point for therapeutic discussion. Most participants changed
their selected SOC behaviors over the study's 6-month duration

Table 4

Individual self-efficacy scores by question for participants with phenylketonuria presented as mean 4 SD where 1 = not confident and 10 = totally confident.
Questionnaire item Baseline Month 3 Month 6 Change in

(n=31) (n=128) (n=26) mean scores

You can do all the things necessary to manage your PKU on a regular basis. 7.04+22 75+2.1 8.0+23 +1.0
You can follow your diet when you have to prepare or share food with other people who do not have PKU. 75425 75+20 85+ 14 +1.0
You can choose the appropriate foods to eat when you are hungry (for example, snacks). 75+24 79+ 14 79+ 1.8 +0.4
You can poke your finger to collect a blood sample every month at a minimum. 77 £29 8.0+28 7.8 £2.7 +0.1
You can do something to prevent your blood phenylalanine levels from increasing. 6.7 +24 71+£24 75425 +0.7
You know what to do when your blood phenylalanine level goes lower or higher than it should be. 7.1+28 69 +24 7.7 £ 2.6 +0.6
You can judge when changes in your illness mean you should visit the doctor. 63 +£27 63 £+ 2.8 71 +£27 +0.8
You can control your PKU so that it does not interfere with the things you want to do. 79423 8.0+17 86+ 16 +0.7

Note: Questions from modified version of the Stanford Diabetes Self-Efficacy Scale [56].
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(Table 1). The exploratory nature of MI may encourage participants to
select a behavior that they had not considered previously. While dem-
onstrating the flexibility of the intervention, this variability limited the
use of SOC as an outcome variable. Subsequently, the degree to which
behavior-specific SOC change reflected a lack of readiness for the behav-
ior change versus the successful implementation of the behavior re-
mains unclear. During future studies, SOC could be collected for a
variety of specified self-management behaviors to clarify how MI may
be associated with readiness to change for specific behaviors over
time in a PKU population.

Subtle intellectual and/or executive deficits may impair one's ability
to manage the complex treatment for PKU. Studies in other populations
have reported that executive functioning impairment was associated
with poor self-management and/or treatment adherence [66,67]. In
contrast, our results did not identify a significant difference in the num-
ber of goals created or achieved, patient activation, or self-efficacy
scores between individuals with versus without learning problems. MI
was developed for and has demonstrated efficacy in the treatment of
substance abuse [39,68,69], which itself is associated with elevated
rates of mental illness and executive deficits [70]. MI has also been suc-
cessfully used to increase engagement in patients with traumatic brain
injury [71]. Although the current study excluded individuals with intel-
lectual disability, the absence of a notable correlation between the pres-
ence of learning problems and outcome measures support further
exploration of MI as a potential intervention to facilitate treatment ad-
herence in individuals with PKU and consideration of extending future
study populations to include individuals with more significant intellec-
tual deficits.

4.1. Limitations

This study was designed to explore the feasibility of implementing
an MI dietary intervention for individuals with PKU residing across a
substantial geographical area and to assess its potential to demonstrate
positive health behavior outcomes. The study design introduced poten-
tial for selection and self-report bias. These results cannot be general-
ized to adults with PKU who no longer seek care at metabolic clinics
or who would decline participation in a dietary-based intervention
study. Characteristics of these adults may differ from those of study par-
ticipants in several regards including baseline SOC, activation, self-
efficacy, and metabolic control. Additionally, in the absence of a control
group, the degree to which the Hawthorne effect contributed to im-
provement in outcomes measures is unknown. Although IEP eligibility
served as a proxy for the presence of learning impairment, not all stu-
dents with learning difficulties receive an IEP; conversely, students
with an IEP may be eligible as a result of non-cognitive issues that affect
their ability to learn such as behavioral or emotional disturbance. As a
rare disease, PKU intervention studies are inherently limited by the
challenge of recruiting sufficient numbers of participants to provide ad-
equate power.

4.2. Conclusion

Phone-based dietary counseling using motivational interviewing
was associated with a significant increase in self-efficacy for self-
management behaviors among adolescents and adults with PKU follow-
ing six months of intervention. This change was not accompanied by
improvements in patient activation. The presence of learning problems
was not associated with health behavior outcome measures. These re-
sults demonstrate the feasibility of implementing phone-based dietary
counseling using Ml in a PKU population and support further investiga-
tion of MI as an intervention approach to improving self-efficacy and
self-management behaviors in adolescents and adults with PKU, partic-
ularly for patients living in remote locations.

Acknowledgements

We would like to thank Michael Adelman, MD for reviewing the mo-
tivational interviewing intervention; Ashley Vollenweider, CPNP and
Camille Broadwater-Hollifield, PhD for their time and effort to review
this article; and the Utah metabolic clinic staff and patients for their sup-
port and participation.

This investigation was supported by the University of Utah Study
Design and Biostatistics Center, with funding in part from the National
Center for Research Resources and the National Center for Advancing
Translational Sciences, National Institutes of Health, through Grant
5UL1TR001067-02 (formerly 8UL1TRO00105 and UL1RR025764).

References

[1] Y.P. Wu, J. Rausch, ].M. Rohan, K.K. Hood, J.S. Pendley, A. Delamater, D. Drotar, Au-
tonomy support and responsibility-sharing predict blood glucose monitoring fre-
quency among youth with diabetes, Health Psychol. 33 (2014) 1224-1231.

[2] J. Dunbar-Jacob, M.K. Mortimer-Stephens, Treatment adherence in chronic disease, J.
Clin. Epidemiol. 54 (Suppl. 1) (2001) S57-S60.

[3] AlJ. Claxton, ]. Cramer, C. Pierce, A systematic review of the associations between

dose regimens and medication compliance, Clin. Ther. 23 (2001) 1296-1310.

S. Amed, K. Nuernberger, P. McCrea, K. Reimer, H. Krueger, S.K. Aydede, D. Ayers, J.P.

Collet, Adherence to clinical practice guidelines in the management of children,

youth, and young adults with type 1 diabetes—a prospective population cohort

study, J. Pediatr. 163 (2013) 543-548.

[5] G.M.Enns, R. Koch, V. Brumm, E. Blakely, R. Suter, E. Jurecki, Suboptimal outcomes in

patients with PKU treated early with diet alone: revisiting the evidence, Mol. Genet.

Metab. 101 (2010) 99-109.

J.H. Walter, F.J. White, S.K. Hall, A. MacDonald, G. Rylance, A. Boneh, D.E. Francis, G,J.

Shortland, M. Schmidt, A. Vail, How practical are recommendations for dietary con-

trol in phenylketonuria? Lancet 360 (2002) 55-57.

[7] KS.Viau, HJ. Wengreen, S.L. Ernst, N.L. Cantor, L.V. Furtado, N. Longo, Correlation of

age-specific phenylalanine levels with intellectual outcome in patients with phenyl-

ketonuria, J. Inherit. Metab. Dis. 34 (2011) 963-971.

S.A. Berry, C. Brown, M. Grant, C.L. Greene, E. Jurecki, J. Koch, K. Moseley, R. Suter, S.C.

van Calcar, J. Wiles, S. Cederbaum, Newborn screening 50 years later: access issues

faced by adults with PKU, Genet. Med. 15 (2013) 591-599.

[9] E.H. Wagner, B.T. Austin, C. Davis, M. Hindmarsh, ]. Schaefer, A. Bonomi, Improving
chronic illness care: translating evidence into action, Health Aff. (Millwood) 20
(2001) 64-78.

[10] C.Bilginsoy, N. Waitzman, C.0. Leonard, S.L. Ernst, Living with phenylketonuria: per-
spectives of patients and their families, ]. Inherit. Metab. Dis. 28 (2005) 639-649.

[11] N. Langebeek, E.H. Gisolf, P. Reiss, S.C. Vervoort, T.B. Hafsteinsdottir, C. Richter, M.A.
Sprangers, P.T. Nieuwkerk, Predictors and correlates of adherence to combination
antiretroviral therapy (ART) for chronic HIV infection: a meta-analysis, BMC Med.
12 (2014) 142.

[12] R.Jahja, S.C. Huijbregts, L.M. de Sonneville, ]J. van der Meere, A.M. Bosch, C.E. Hollak,
M.E. Rubio-Gozalbo, M.C. Brouwers, F.C. Hofstede, M.C. de Vries, M.C. Janssen, A.T.
van der Ploeg, ].G. Langendonk, FJ. van Spronsen, Mental health and social function-
ing in early treated Phenylketonuria: The PKU-COBESO study, Mol. Genet. Metab.
110 (Suppl) (2013) S57-S61.

[13] D.A. Bilder, B.K. Burton, H. Coon, L. Leviton, ]J. Ashworth, B.D. Lundy, H. Vespa, A.V.
Bakian, N. Longo, Psychiatric symptoms in adults with phenylketonuria, Mol.
Genet. Metab. 108 (2013) 155-160.

[14] R.H. Singh, F. Rohr, D. Frazier, A. Cunningham, S. Mofidi, B. Ogata, P.L. Splett, K.
Moseley, K. Huntington, P.B. Acosta, ]. Vockley, S.C. Van Calcar, Recommendations
for the nutrition management of phenylalanine hydroxylase deficiency, Genet.
Med. (2014).

[15] CE.levers-Landis, A.L. Hoff, C. Brez, M.K. Cancilliere, ]. McConnell, D. Kerr, Situational
analysis of dietary challenges of the treatment regimen for children and adolescents
with phenylketonuria and their primary caregivers, J. Dev. Behav. Pediatr. 26 (2005)
186-193.

[16] M.G. Ory, PJ. Jordan, T. Bazzarre, The Behavior Change Consortium: setting the stage
for a new century of health behavior-change research, Health Educ. Res. 17 (2002)
500-511.

[17] G.W. Greene, C.A. Redding, J.O. Prochaska, A.L. Paiva, ].S. Rossi, W.F. Velicer, B.
Blissmer, M.L. Robbins, Baseline transtheoretical and dietary behavioral predictors
of dietary fat moderation over 12 and 24 months, Eat. Behav. 14 (2013) 255-262.

[18] H.Q. Yin, J.O. Prochaska, J.S. Rossi, C.A. Redding, A.L. Paiva, B. Blissmer, W.F. Velicer,
S.S. Johnson, H. Kobayashi, Treatment-enhanced paired action contributes substan-
tially to change across multiple health behaviors: secondary analyses of five ran-
domized trials, Transl. Behav. Med. 3 (2013) 62-71.

[19] J.H. Hibbard, ]. Greene, M. Tusler, Improving the outcomes of disease management
by tailoring care to the patient's level of activation, Am. J. Manag. Care 15 (2009)
353-360.

[20] S.S.Johnson, A.L. Paiva, L. Mauriello, J.O. Prochaska, C. Redding, W.F. Velicer, Coaction
in multiple behavior change interventions: consistency across multiple studies on
weight management and obesity prevention, Health Psychol. 33 (2014) 475-480.

[21] J.O. Prochaska, C.C. DiClemente, Stages and processes of self-change of smoking: to-
ward an integrative model of change, J. Consult. Clin. Psychol. 51 (1983) 390-395.

4

6

8


http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0005
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0005
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0005
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0010
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0010
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0015
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0015
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0020
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0020
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0020
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0020
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0025
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0025
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0025
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0030
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0030
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0030
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0035
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0035
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0035
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0040
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0040
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0040
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0045
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0045
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0045
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0050
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0050
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0055
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0055
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0055
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0055
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0060
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0060
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0060
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0060
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0060
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0065
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0065
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0065
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0070
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0070
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0070
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0070
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0075
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0075
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0075
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0075
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0080
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0080
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0080
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0085
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0085
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0085
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0090
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0090
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0090
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0090
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0095
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0095
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0095
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0100
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0100
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0100
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0105
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0105

K.S. Viau et al. / Molecular Genetics and Metabolism Reports 6 (2016) 27-33 33

[22] K.Glanz, B. Rimer, K. Viswanath, Health Behavior and Health Education: Theory, Re-
search, and Practice, Jossey-Bass, San Francisco, California, 2008.

[23] W.R. Miller, G.S. Rose, Toward a theory of motivational interviewing, Am.
Psychoanal. 64 (2009) 527-537.

[24] ].S. Baer, B. Beadnell, S.B. Garrett, B. Hartzler, E.A. Wells, P.L. Peterson, Adolescent
change language within a brief motivational intervention and substance use out-
comes, Psychol. Addict. Behav. 22 (2008) 570-575.

[25] J. Gaume, G. Gmel, ].B. Daeppen, Brief alcohol interventions: do counsellors' and pa-
tients' communication characteristics predict change? Alcohol Alcohol. 43 (2008)
62-69.

[26] ]. Strang, ]. McCambridge, Can the practitioner correctly predict outcome in motiva-
tional interviewing? J. Subst. Abus. Treat. 27 (2004) 83-88.

[27] W.R. Miller, S. Rollnick, Motivational Interviewing Helping People Change, The
Guilford Press, New York, NY, 2013.

[28] M.H. Larsen, A.L. Krogstad, E. Aas, T. Moum, A.K. Wahl, A telephone-based motiva-
tional interviewing intervention has positive effects on psoriasis severity and self-
management: a randomized controlled trial, Br. ]. Dermatol. 171 (2014) 1458-1469.

[29] J.A. Bennett, H.M. Young, L.M. Nail, K. Winters-Stone, G. Hanson, A telephone-only
motivational intervention to increase physical activity in rural adults: a randomized
controlled trial, Nurs. Res. 57 (2008) 24-32.

[30] A.Linden, S.W. Butterworth, ].O. Prochaska, Motivational interviewing-based health
coaching as a chronic care intervention, J. Eval. Clin. Pract. 16 (2010) 166-174.

[31] B.Lundahl, T. Moleni, B.L. Burke, R. Butters, D. Tollefson, C. Butler, S. Rollnick, Moti-
vational interviewing in medical care settings: a systematic review and meta-
analysis of randomized controlled trials, Patient Educ. Couns. 93 (2013) 157-168.

[32] L.A. Gayes, R.G. Steele, A meta-analysis of motivational interviewing interventions
for pediatric health behavior change, J. Consult. Clin. Psychol. 82 (2014) 521-535.

[33] C.C.Cushing, C.D.]Jensen, M.B. Miller, T.R. Leffingwell, Meta-analysis of motivational
interviewing for adolescent health behavior: efficacy beyond substance use, ]. Con-
sult. Clin. Psychol. 82 (2014) 1212-1218.

[34] S.M. Chen, D. Creedy, H.S. Lin, J. Wollin, Effects of motivational interviewing inter-
vention on self-management, psychological and glycemic outcomes in type 2 diabe-
tes: a randomized controlled trial, Int. ]. Nurs. Stud. 49 (2012) 637-644.

[35] L.G. Raaijmakers, M.K. Martens, A.E. Hesselink, I. de Weerdt, N.K. de Vries, S.P.
Kremers, Mastery and perceived autonomy support are correlates of Dutch diabetes
patients' self-management and quality of life, Patient Educ. Couns. 97 (2014) 75-81.

[36] A.M. Palacio, C. Uribe, L. Hazel-Fernandez, H. Li, L]. Tamariz, S.D. Garay, O.
Carrasquillo, Can phone-based motivational interviewing improve medication ad-
herence to antiplatelet medications after a coronary stent among racial minorities?
a randomized trial, J. Gen. Intern. Med. (2014).

[37] B. Borsari, E.E. Short, N.R. Mastroleo, ].T. Hustad, T.0. Tevyaw, N.P. Barnett, CW.
Kahler, P.M. Monti, Phone-delivered brief motivational interventions for mandated
college students delivered during the summer months, J. Subst. Abus. Treat. 46
(2014) 592-596.

[38] L. Farrell-Carnahan, J. Hettema, J. Jackson, S. Kamalanathan, L.M. Ritterband, K.S.
Ingersoll, Feasibility and promise of a remote-delivered preconception motivational
interviewing intervention to reduce risk for alcohol-exposed pregnancy, Telemed ].
E. Health 19 (2013) 597-604.

[39] C.D.Jensen, C.C. Cushing, B.S. Aylward, ].T. Craig, D.M. Sorell, R.G. Steele, Effective-
ness of motivational interviewing interventions for adolescent substance use behav-
ior change: a meta-analytic review, J. Consult. Clin. Psychol. 79 (2011) 433-440.

[40] K.A.VanBuskirk, J.L.. Wetherell, Motivational interviewing with primary care popu-
lations: a systematic review and meta-analysis, ]. Behav. Med. 37 (2014) 768-780.

[41] J.H. Hibbard, ]. Stockard, E.R. Mahoney, M. Tusler, Development of the Patient Acti-
vation Measure (PAM): conceptualizing and measuring activation in patients and
consumers, Health Serv. Res. 39 (2004) 1005-1026.

[42] S.E. Mitchell, P.M. Gardiner, E. Sadikova, ].M. Martin, B.W. Jack, ].H. Hibbard, M.K.
Paasche-Orlow, Patient activation and 30-day post-discharge hospital utilization, J.
Gen. Intern. Med. 29 (2014) 349-355.

[43] R. Marshall, M.C. Beach, S. Saha, T. Mori, M.O. Loveless, ].H. Hibbard, J.A. Cohn, V.L.

Sharp, P.T. Korthuis, Patient activation and improved outcomes in HIV-infected pa-

tients, J. Gen. Intern. Med. 28 (2013) 668-674.

D.M. Mosen, J. Schmittdiel, J. Hibbard, D. Sobel, C. Remmers, . Bellows, [s patient ac-

tivation associated with outcomes of care for adults with chronic conditions? J.

Ambul. Care Manage. 30 (2007) 21-29.

[45] J.H. Hibbard, E.R. Mahoney, R. Stock, M. Tusler, Do increases in patient activation re-
sult in improved self-management behaviors? Health Serv. Res. 42 (2007)
1443-1463.

[46] ]. Greene, ].H. Hibbard, Why does patient activation matter? An examination of the
relationships between patient activation and health-related outcomes, J. Gen. Intern.
Med. 27 (2012) 520-526.

(44

[47] D.R.Lubans, R.C. Plotnikoff, P.J. Morgan, D. Dewar, S. Costigan, C.E. Collins, Explaining
dietary intake in adolescent girls from disadvantaged secondary schools. A test of
Social Cognitive Theory, Appetite 58 (2012) 517-524.

[48] A.Gherman, J. Schnur, G. Montgomery, R. Sassu, I. Veresiu, D. David, How are adher-
ent people more likely to think? A meta-analysis of health beliefs and diabetes self-
care, Diabetes Educ. 37 (2011) 392-408.

[49] J.H. Hibbard, E.R. Mahoney, ]. Stockard, M. Tusler, Development and testing of a
short form of the patient activation measure, Health Serv. Res. 40 (2005)
1918-1930.

[50] M.R. Crone, FJ. van Spronsen, K. Oudshoorn, J. Bekhof, G. van Rijn, P.H. Verkerk, Be-
havioural factors related to metabolic control in patients with phenylketonuria, J. In-
herit. Metab. Dis. 28 (2005) 627-637.

[51] G. For the American College of Medical, C. Genomics Therapeutic, J. Vockley, H.C.
Andersson, K.M. Antshel, N.E. Braverman, B.K. Burton, D.M. Frazier, ]J. Mitchell,
W.E. Smith, B.H. Thompson, S.A. Berry, Phenylalanine hydroxylase deficiency: diag-
nosis and management guideline, Genet. Med. (2014).

[52] H.A. Bawadi, A.D. Banks, F. Ammari, RF. Tayyem, S. Jebreen, Stage of change of 6
health-related behaviors among patients with type 2 diabetes, Prim. Care Diabetes
6 (2012) 319-327.

[53] RJ. Donovan, S. Jones, C.D. Holman, B. Corti, Assessing the reliability of a stage of
change scale, Health Educ. Res. 13 (1998) 285-291.

[54] A.MacDonald, H. Gokmen-Ozel, M. van Rijn, P. Burgard, The reality of dietary com-
pliance in the management of phenylketonuria, J. Inherit. Metab. Dis. 33 (2010)
665-670.

[55] K. Lorig, P.L. Ritter, FJ. Villa, J. Armas, Community-based peer-led diabetes self-
management: a randomized trial, Diabetes Educ. 35 (2009) 641-651.

[56] Stanford Patient Education Research Center, Diabetes Self-Efficacy Scale, 2013.

[57] KS. Viau, S.L. Ernst, Food frequency questionnaire: an alternative method to assess
protein intake in adolescents and adults with phenylketonuria, Top. Clin. Nutr. 29
(2014) 332-342.

[58] G.T. Doran, There's a S.M.A.R.T. way to write management's goals and objectives,
Manag. Rev. 70 (1981) 36.

[59] P.A.Harris, R. Taylor, R. Thielke, . Payne, N. Gonzalez, ].G. Conde, Research electronic
data capture (REDCap)—a metadata-driven methodology and workflow process for
providing translational research informatics support, J. Biomed. Inform. 42 (2009)
377-381.

[60] G.M. Kieckhefer, C.M. Trahms, Supporting development of children with chronic
conditions: from compliance toward shared management, Pediatr. Nurs. 26
(2000) 354-363.

[61] J. Barlow, C. Wright, ]. Sheasby, A. Turner, ]. Hainsworth, Self-management ap-
proaches for people with chronic conditions: a review, Patient Educ. Couns. 48
(2002) 177-187.

[62] M.G. Ory, M.L. Smith, S. Ahn, L. Jiang, K. Lorig, N. Whitelaw, National study of chronic
disease self-management: age comparison of outcome findings, Health Educ. Behav.
41 (2014) 34S-42S.

[63] S.J. Erickson, M. Gerstle, S.W. Feldstein, Brief interventions and motivational

interviewing with children, adolescents, and their parents in pediatric health care

settings: a review, Arch. Pediatr. Adolesc. Med. 159 (2005) 1173-1180.

M.A. Gold, P.K. Kokotailo, Motivational Interviewing Strategies to Facilitate Adoles-

cent Behavior Change, American Academy of Pediatrics Section on Adolescent

Health 20, 2007.

[65] P.W. Powell, M.E. Hilliard, B.. Anderson, Motivational interviewing to
promote adherence behaviors in pediatric type 1 diabetes, Curr. Diab. Rep. 14
(2014) 531.

[66] N. Riggs, C.P. Chou, D. Spruijt-Metz, M.A. Pentz, Executive cognitive function as a
correlate and predictor of child food intake and physical activity, Child
Neuropsychol. 16 (2010) 279-292.

[67] M.M. Miller, J.M. Rohan, A. Delamater, J. Shroff-Pendley, L.M. Dolan, G. Reeves, D.
Drotar, Changes in executive functioning and self-management in adolescents
with type 1 diabetes: a growth curve analysis, J. Pediatr. Psychol. 38 (2013) 18-29.

[68] R.W. Miller, S. Rollnick, Motivational Interviewing: Preparing People to Change Ad-
dictive Behavior, The Guilford Press, New York, NY, 1991.

[69] J.E. Hettema, P.S. Hendricks, Motivational interviewing for smoking cessation: a
meta-analytic review, ]. Consult. Clin. Psychol. 78 (2010) 868-884.

[70] K.P. Morie, P. De Sanctis, H. Garavan, ].J. Foxe, Executive dysfunction and reward
dysregulation: a high-density electrical mapping study in cocaine abusers, Neuro-
pharmacology 85 (2014) 397-407.

[71] M.Y. Hsieh, ]. Ponsford, D. Wong, M. Schonberger, ]. Taffe, A. McKay, Motivational
interviewing and cognitive behaviour therapy for anxiety following traumatic
brain injury: a pilot randomised controlled trial, Neuropsychol. Rehabil. 22 (2012)
585-608.

(64


http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0110
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0110
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0115
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0115
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0120
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0120
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0120
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0125
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0125
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0125
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0130
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0130
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0135
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0135
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0140
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0140
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0140
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0145
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0145
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0145
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0150
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0150
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0155
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0155
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0155
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0160
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0160
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0165
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0165
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0165
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0170
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0170
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0170
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0175
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0175
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0175
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0180
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0180
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0180
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0180
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0185
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0185
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0185
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0185
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0190
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0190
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0190
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0190
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0195
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0195
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0195
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0200
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0200
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0205
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0205
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0205
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0210
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0210
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0210
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0215
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0215
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0215
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0220
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0220
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0220
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0225
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0225
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0225
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0230
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0230
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0230
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0235
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0235
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0235
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0240
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0240
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0240
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0245
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0245
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0245
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0250
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0250
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0250
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0255
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0255
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0255
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0255
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0260
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0260
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0260
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0265
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0265
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0270
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0270
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0270
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0275
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0275
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0280
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0285
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0285
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0285
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0290
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0290
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0295
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0295
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0295
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0295
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0300
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0300
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0300
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0305
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0305
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0305
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0310
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0310
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0310
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0315
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0315
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0315
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0320
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0320
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0320
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0325
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0325
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0325
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0330
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0330
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0330
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0335
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0335
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0335
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0340
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0340
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0345
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0345
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0350
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0350
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0350
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0355
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0355
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0355
http://refhub.elsevier.com/S2214-4269(16)30002-7/rf0355

	Phone-�based motivational interviewing to increase self-�efficacy in individuals with phenylketonuria
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Measures
	2.2.1. Stages of change
	2.2.2. Patient activation
	2.2.3. Self-efficacy
	2.2.4. Blood phenylalanine

	2.3. Intervention
	2.3.1. Summary report
	2.3.2. Phone-based motivational interviewing
	2.3.3. Monthly goals

	2.4. Data collection
	2.5. Data analysis

	3. Results
	3.1. Stages of change
	3.2. Monthly goals
	3.3. Patient activation and self-efficacy

	4. Discussion
	4.1. Limitations
	4.2. Conclusion

	Acknowledgements
	References


