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ARTICLE INFO ABSTRACT

Keywords: Introduction: The present study is a mixed-methods exploratory study aiming to understand the lived experiences
Phenylketonuria of females with phenylketonuria (PKU) in managing their health. The study aims to identify what individual,
MPKU

interpersonal, and environmental factors serve as facilitators and inhibitors, and how PKU intrudes on different
realms of health.

Methods: Attendees of Emory's Metabolic Camp and female users of Medical Nutrition Therapy for Prevention
(MNT4P) were recruited. Participants were administered the Illness Intrusiveness Ratings Scale (IIRS) survey and
qualitatively interviewed. The IIRS survey was analyzed using descriptive statistics and the interviews were
coded and assessed using inductive and deductive analysis.

Results: In total, 25 participants were included in analysis (adults, n = 20; adolescents, n = 5). In the IIRS survey,
diet had the highest average impact score of 5.74 (SD = 2.05) and religious expression had the lowest average
impact score of 1.74 (SD = 1.65). The most salient themes that arose from the qualitative interviews were related
to concerns of pregnancy (n = 25), interactions with health care providers relative to PKU care (n = 23) and
independent of PKU care (n = 21), social support (n = 21) and isolation (n = 12), financial issues (n = 22), and
illness intrusiveness on general health management (n = 22).

Discussion: Adolescent and adult female participants with PKU identified significant concerns in individual,
interpersonal, and environmental factors affecting the management of their health. Additionally, the illness
intrusiveness of PKU impacted their physical, mental, and gynecological health. Future research should further
assess the unique challenges faced by females with PKU and potential interventions to better address these
barriers.

Illness intrusiveness
Health management

1. Introduction

Phenylketonuria (PKU) is a rare metabolic disorder that arises from a
mutation in the phenylalanine hydroxylase (PAH) gene, which encodes
the PAH enzyme that converts the amino acid phenylalanine (Phe) into
tyrosine (Tyr). Without PAH available to complete the conversion, in-
dividuals with PKU have an increased blood concentration of Phe. When
untreated, this can lead to neurological and intellectual disabilities, as
well as physical and psychological issues [1,2].

Optimal management of PKU is characterized by early detection
through newborn screening and confirmatory testing, and with early
initiation of stringent dietary therapy to prevent neurological sequelae

[1]. Dietary intervention consists of a Phe-restricted diet, with supple-
mentation of Phe-free protein formulas and low-protein modified foods,
and, in some cases, pharmacological supplementation [1-3]. Currently,
the two FDA-approved pharmaceutical treatments for PKU are sap-
ropterin dichloride, an oral BH4 treatment, and pegvaliase, an injectable
enzyme therapy [1,3]. To avoid negative neurocognitive and psycho-
logical outcomes later in life, individuals are counseled to maintain Phe
blood concentration within the optimal range of 2-6 mg/dL, or
120-360 pmol/L throughout their lifetime [1,3].

Individuals with PKU face individual, interpersonal, and environ-
mental barriers that impact their health management. Most studies have
found a similar quality of life between individuals with PKU and the
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general population, yet there are significant exceptions in various realms
of the lives of individuals with PKU [1]. Huijbregts et al. [4] found that
adults with PKU had significantly worse multivariate effects in cogni-
tion, depression, anger, and pain than the general population. Adult
women with PKU in the study scored significantly worse than adult men
with PKU in fine motor functioning, sleep, pain, vitality, and depression.

Females of reproductive age with PKU face additional challenges, as
they are at risk for having a child with maternal phenylketonuria
(MPKU). MPKU can occur when a child is born to a woman with PKU
who did not maintain metabolic control pre-conception and throughout
pregnancy [5-7]. MPKU is associated with intellectual disability,
microcephaly, congenital heart disease, and other birth defects of the
fetus [5-7]. As the fetal blood Phe concentration can be up to twice as
high as the mother, pregnant women are under a particular amount of
pressure to maintain their Phe concentration between 2 and 6 mg/dL
[6].

The unique stringent dietary management of individuals with PKU
impacts how they can manage their health outside of PKU, yet there is a
paucity of research addressing such. Further, there are few studies that
attempt to differentiate between those health concerns caused by PKU
and those caused by other unrelated factors. In terms of environmental
and interpersonal factors impacting health management, some studies
have described coordination challenges and health care provider igno-
rance regarding PKU-specific health care needs, yet there is little in-
formation about these same issues related to the general health of
individuals with PKU, outside of their condition [8-10]. This study aims
to qualitatively explore the experiences of females with PKU in man-
aging their general health and how it is impacted by their PKU health
management, and what personal, interpersonal, and environmental
factors impede or facilitate their health management.

2. Materials and methods
2.1. Participants

Eligible participants were English-speaking biological females above
the age of 13 years and diagnosed with PKU. The study was approved by
the Emory University Institutional Review Board (IRB). Twenty-five
participants were enrolled, including 15 participants interviewed and
surveyed at Emory University's Metabolic Camp from June 19 to June
24, 2023, of which two were excluded as they did not meet the age
requirement; 11 participants were interviewed and surveyed from
Medical Nutrition Therapy for Prevention's (MNT4P) database and one
participant was interviewed and surveyed from a list of past camp at-
tendees. These interviews were conducted from November 2023 to
February 2024.

2.2. Recruitment

The initial participants were recruited by convenience sampling at
Emory University's Metabolic Camp, a week-long educational camp for
adolescent and adult females with inherited metabolic disorders (IMD).
Prior to enrollment, all participants provided written informed consent
(and assent if under the age of 18 years) to participate in any research
conducted at, or after the camp. Camp attendees were presented a
summary of the research purpose and methods on June 19, 2023 and
administered a physical sign-up sheet to participate in the study.

Subsequent participants were recruited by convenience sample from
lists of females with PKU from the MNT4P database and past camp
attendance records. MNT4P is a program based in Emory University's
School of Medicine that provides medical foods and pay assistance to
individuals with IMDs that reside in the state of Georgia. Individuals
from the lists were sent an e-mail introducing the research and
instructed to respond if they were interested in participating. MNT4P
respondents were e-mailed a link to the consent form for the study via
Emory RedCap, a secure web application used for survey management
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and data collection. Once consent was given, interview availability was
obtained, and respondents were sent the Illness Intrusiveness Ratings
Scale (IIRS) survey via Emory Redcap. Alternatively, past camp at-
tendees were not administered a consent form, as their consent was
obtained when they attended camp. They were sent the IIRS survey via
Qualtrics. Interviews were scheduled based on respondent availability
and conducted by Zoom and phone call. No compensation was offered to
any participant involved in the study.

2.3. Data collection

2.3.1. Illness intrusiveness ratings scale survey

The IIRS survey is a validated 13-item self-report survey that assesses
the impact of an illness's disruption on various aspects of one's life [11].
The survey asks respondents to rate how much their illness impacts an
aspect of their life from “1” (Not Very Much) to “7” (Very Much). Survey
items include Diet, Financial Situation, and Family Relations [11]. No
survey items were adapted in the present study. Prior to each in-person
interview at Emory's Metabolic Camp, a physical copy of the survey was
administered to be completed in writing. Upon scheduling online in-
terviews, an electronic survey was administered through Emory RedCap
to participants in MNT4P, and through Qualtrics to past camp attendees.

2.3.2. Qualitative interviews

Qualitative interviews were semi-structured and lasted 30 to 60 min.
Initial interviews at Emory University's Metabolic Camp were conducted
in-person and subsequent interviews were conducted online and over the
phone. The interview guides covered topics related to dietary manage-
ment experiences, perceived illness intrusiveness of PKU, and individual,
interpersonal, and environmental facilitators and barriers to health
management. All interviews were audio recorded and transcribed by
Abigail Aronoff, with assistance from the Rev. Al Transcription service.

2.4. Statistical analysis

Descriptive statistical analysis was conducted on IIRS survey re-
sponses using SAS 9.4 Analytics Software. Adolescent and adult ratings
were stratified, and data were compared to assess differences in illness
intrusiveness perception by age. All interviews were de-identified and
uploaded to MaxQDA Plus 2022 (22.8.0) for qualitative thematic anal-
ysis. Codes and themes were construed inductively from recurring ideas
across interviews, and deductively from the questions posed in the
interview guide (Appendix). A codebook was created and revised
throughout the coding process to guide thematic analysis.

3. Results
3.1. Demographic characteristics

Of the 27 participants surveyed, 25 were included in data analysis, as
two participants did not meet the age requirement. Participants ranged
in age from 15 to 58 years with a mean age of 24.8 (SD = 10.94), and a
median age of 21 years. Of the participants, 20 were adults (at or above
the age of 18 years), and five were minors (below the age of 18 years).
Most of the participants identified as White (n = 23/25), one participant
identified as mixed race, and one identified as Asian. Of the participants
that knew an estimate of their household income level (n = 15/25), the
mean income level was $87,967 (SD = $66,065) per year.

Most of the participants had completed a blood spot test for moni-
toring Phe and Tyr within the last year and knew an estimate of their
most recent Phe blood concentrations (n = 19/25). Of these participants,
58% (n = 11/19), were within the target therapeutic range of a Phe
concentration of 2-6 mg/dL, one participant was below the target range,
and 28% (n = 7/19) were above the target range. Most (84%, n = 21/25)
of participants reported being actively followed by a doctor or dietitian
for PKU treatment at the time of the study and 80% (n = 20/25) reported
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being actively followed by a health care provider for non-PKU health
care needs. (See Table 1.)

3.2. Illness intrusiveness

The mean IIRS score for all participants was 44.85 (SD = 18.42).
Analysis revealed that PKU most impacted life domains related to di-
etary management, including diet (M = 5.74, SD = 2.05), financial sit-
uation (M = 4.70, SD = 2.41), and health (M = 4.67, SD = 2.08). PKU
had the lowest impact on life domains related to religious expression (M
= 1.74, SD = 1.65) and sex life (M = 2.07, SD = 2.22).

Adults (18 years and older) had a higher mean IIRS score (M = 46.75,
SD = 20.31) than adolescents (below 18 years) (M = 35, SD = 9). The life
domains that had the largest differences in impact from PKU among
adults and adolescents related to interpersonal relationships, including
family relations (Adult M = 3.50, Adolescent M = 1.40), other social
relations, (Adult M = 3.65, Adolescent M = 1.60), and relationship with
spouse (Adult M = 3.30, Adolescent M = 1.40). Both groups had the most
similar average impact score for sex life (Adult M = 2.1, Adolescent M =
2.2). (See Fig. 1.)

3.3. Qualitative interview key findings

Key themes that arose from the interviews fell into categories of in-
dividual factors, interpersonal factors, structural factors, illness intru-
siveness, and dietary management.

3.3.1. Individual factors

3.3.1.1. Female identity and risks associated with pregnancy. Of the de-
mographic factors, female identity was the most prevalent in partici-
pants' lives, as females with PKU have the added burden of considering
the risk of maternal PKU syndrome. Of the participants, six had previ-
ously been pregnant and two were pregnant at the time of the interview.
Of the participants that had never been pregnant, all were deterred from
having children, though adolescent participants discussed pregnancy
notably less than adult participants (Fig. 2B). Of the concerns related to
pregnancy, 58% (n = 11/19) of participants who had never been preg-
nant stated that they were worried about causing harm to their baby
resulting in birth defects, 53% (n = 10/19) stated that they were

Table 1
Demographic Characteristics.

Participants (N = 25)

Age, mean (SD) 24.76 (10.94)

Adolescent (< 18 years) (n) 20% (5)
Adult (> 18 years) (n) 80% (20)
Race

American Indian or Alaska Native (n) 0% (0)
Asian (n) 4% (1)
Black or African American (n) 0% (0)
Native Hawaiian or Other Pacific Islander (n) 0% (0)
White (n) 92% (23)
Mixed (n) 4% (1)
Phe Concentration

<2 mg/dL (n) 4% (1)
2-6 mg/dL (n) 44% (11)
>6 mg/dL (n) 28% (7)
Missing (n) 24% (6)
Household Income

<$25,000 (n) 4% (1)
>$25,000 < $50,000 (n) 24% (6)
>$50,000 < $75,000 (n) 0% (0)
>$75,000 < $100,000 (n) 8% (2)
>$100,000 (n) 24% (6)
Missing (n) 40% (10)
Ever Been Pregnant

Yes (n) 24% (6)
No (n) 76% (19)
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deterred due to the stricter dietary management needed for pregnancy,
37% (n = 7/19) stated that their fear of pregnancy made them extra
cautious with birth control use and sexual encounters, and two partici-
pants stated that they were deterred because they did not want to have a
child with PKU.

All six participants that had biological children stated that their
children were healthy. They talked about the extra monitoring and di-
etary management that accompanied their pregnancies, but none indi-
cated that they were unable to comply. One participant, who was off diet
at the time of her pregnancy, did not know she was pregnant until she
was approximately 24 weeks along.

Participants discussed other ways in which their female identity
impacted their health, such as others not taking their health concerns
seriously. Three participants had brothers with PKU and recounted
having had more difficulty in keeping their Phe concentrations within
the target therapeutic range, grappling with pregnancy, and getting less
medical attention than their siblings. Two participants discussed their
struggle with the societal aspect of being a woman and having to
maintain their PKU regimen.

3.3.1.2. Knowledge, attitudes, and self-efficacy with health management.
Participants had differing attitudes and levels of knowledge related to
their overall health management. Six participants expressly stated their
extensive knowledge of how to manage PKU, including one adolescent
participant. Conversely, one adult participant stated that they had a lack
of knowledge about managing their PKU.

Most participants (78%, n = 18/23) had a positive attitude towards
their health management. Additionally, 65% (n = 15/23) demonstrated
self-efficacy in their ability to manage their diet and their health outside
of PKU. Of these participants, 87% (n = 13/15) were adults.

Conversely, 26% (n = 6/23) of participants had a negative attitude
towards their health management. Of these participants, 60% (n = 3/6)
were adolescents. For most, their negative attitude was due to lack of
confidence in their ability to manage their health. These participants
indicated that their health was too difficult to manage based on the
circumstances of their lives.

3.3.2. Interpersonal factors

3.3.2.1. Interactions with health care providers and their impacts on health
management. Among all 25 participants, interactions with health care
providers was the most salient interpersonal factor that impacted health
management. Within this theme, 23 participants talked about their
health care providers independent of their PKU care and 21 discussed
their providers relative to their PKU care.

In terms of experiences with health care providers outside of PKU,
61% (n = 14/23) discussed having doctors that were unfamiliar with
PKU. Partially due to this, nine of the participants stated that they try to
avoid bringing up their diagnosis in appointments.

Six participants had experiences in which providers asked them to
educate them on different aspects of PKU management, which caused
feelings of unease for some. Further, three participants had a health care
provider recommend a dietary change or medication that was not suit-
able to their dietary treatment.

Participants' accounts of their providers relative to PKU care differed
from their accounts of other health care providers in that they had
known their PKU provider much longer, most since birth. This theme
was one of the most frequently coded segments for adolescents (Fig. 2B),
and the third most coded segment across adult interviews (Fig. 2A). A
third of participants (n = 7/21) discussed their close relationship with
their PKU provider, including 40% of adolescent participants (n = 2/5).
Two participants had PKU providers that had previously threatened to
drop them from their care when they were noncompliant with their diets
— both stated that this “tough love” pushed them to get on track again
with their diet.
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Fig. 1. IIRS Survey Responses Stratified By Age.

3.3.2.2. Social support with health management. Most participants (84%,
n = 21/25) indicated that social support had an impact on their health
management. Some participants discussed support from their friends
and families, some from their clinics, and some from other individuals
with PKU. The most common source of support mentioned was caregiver
support; 67% (n = 14/21) of participants recounted the positive impacts
on their health management as they aged, including 60% of adolescents
(n = 3/5). Four adult participants also discussed positive social experi-
ences from participating in camps aimed at individuals with rare genetic
disorders.

About half (48%, n = 12/25) of participants indicated that they had
experienced social issues related to their health management. Some
participants indicated that they isolated themselves to avoid social
conflict and bullying. Other participants felt isolated because they did
not know anyone in their daily lives that also had PKU. Half (n = 6/12)
stated that they had experienced bullying because of their diet in their
childhood. For some, this had long-term effects into adulthood, such as
hiding their diagnosis and avoiding drinking formula in public spaces.

3.3.3. Structural facilitators and inhibitors of health management

3.3.3.1. Insurance and health management costs. Of the structural fac-
tors, the most salient theme was insurance coverage, with 22 partici-
pants discussing its impact on health management. This was the top
coded segment for adults (Fig. 2A), but not one of the notable themes for
adolescent participants (Fig. 2B). Although a little more than half (n =
12/22) of participants had satisfactory insurance coverage at the time of
the interview, 59% of participants (n = 13/22) had experienced obsta-
cles with insurance coverage. Participants recounted hours of talking to
insurance companies on the phone, delays in receiving their medical
foods and formulas, and hindrances to their dietary management.

Of those who were dependents under their caregiver's insurance
plan, eight participants expressed concern over transitioning to their
own insurance plan in adulthood, as they had witnessed the struggles

their caregiver had experienced in getting proper coverage, including
one adolescent participant.

Most participants also discussed how high costs had served as a
barrier for their health management. Of these participants, 80% (n =
12/15) had experienced high costs associated with medical foods, for-
mulas, and pharmacological supplementation, whether or not it was
partially covered under their insurance plan. Participants also had dif-
ficulties with covering copays for other medical visits and paying for
low-protein groceries.

3.3.3.2. Geographical location and access to care. Most participants
(64%, n = 16/25) indicated their geographical location as a major factor
in their health management. Most participants experienced obstacles
related to distance from their clinic. Most of these participants had to
travel over an hour to go to their specialty clinic, with some participants
having to travel over four hours to reach their clinic. One participant
indicated that the rise of telehealth appointments in response to the
pandemic made their appointments easier for them. Two participants
also discussed how where they live impacts their access to resources: one
participant used to live in a state with more coverage for medical foods
than where they currently live, and that impacted their ability to pay for
their dietary regimen. Another participant lived in a small town at the
time of the interview and had experienced access barriers in finding low-
protein groceries.

3.3.3.3. Pediatric-adult care transition. Twenty-one participants spoke
of the transition from pediatric to adult care and of these participants,
52% (n = 11/21) had transitioned and 48% (n = 10/21) had not. Of
those who had transitioned to adult care, 64% (n = 7/11) encountered
insurance difficulties with the transition. Of those who had not transi-
tioned to adult care, 60% (n = 6/10) were concerned about insurance
difficulties with the transition. Additionally, 40% (n = 4/10) expressed
concern over the increased responsibility they would undertake in their
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health management once transitioned to adult care.

When asked what could be done to improve the pediatric-adult care
transition, four participants suggested more education for patients
transitioning to adult care through informational classes and discussions
with health care providers.

3.3.4. Dietary management of phenylketonuria
The majority of participants (74%, n = 17/23) discussed how their

diet impacted the appeal of different foods and formulas. Of these par-
ticipants, 41% (n = 7/17) expressed craving or having been curious
about eating foods that were outside of their dietary regimen. For some,
this led to feelings of distress and sadness when they could not eat the
food. Conversely, 24% (n = 4/17) of participants found foods outside of
their dietary regimen unappealing, as they were accustomed to their diet
and did not have the taste for high protein foods.

Ten participants (40%) discussed experiences where there were no
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dietary options for them, including 60% (n = 3/5) of adolescents. In
social settings, this led to feelings of isolation and sadness. Some par-
ticipants talked about eating at restaurants with friends and family and
not being able to eat with everyone else.

Nine participants discussed the extra planning that goes into the
management of their diet. Some participants had created a dietary
routine for themselves to help them manage their PKU.

Within the routine and planning of PKU management, the most
discussed factor was the daily tracking of Phe intake. Of the nine par-
ticipants who recounted their experience tracking daily Phe intake, 56%
(n = 5/9) reported having trouble with consistency and accuracy. For
some, this led to annoyance and fatigue.

3.3.5. Pharmacological supplementation

Most participants (72%, n = 18/25) reported having previously
taken or currently using pharmacological supplementation for PKU
treatment. Of these participants, 28% (n = 5/18) reported taking sap-
ropterin dihydrochloride at the time of the interview, and 33% (n = 6/
18) took it previously and stopped treatment. Of the current sapropterin
dihydrochloride users, all were responders and developed a higher Phe
intake than before the medication.

Of those who previously took sapropterin dihydrochloride and
stopped treatment, their reasoning for stopping the medication included
not responding to the medication, insurance not covering the pharma-
ceutical, and wanting a more reactive pharmacological supplement,
such as pegvaliase.

At the time of the interview, 39% (n = 7/18) of those who reported
using a pharmacological supplement were taking pegvaliase. Two par-
ticipants reported previously taking pegvaliase and stopping treatment.
At the time of the interview, two participants recently started pegva-
liase, two had been taking it for over a year and had not experienced
effects on their Phe intake, and three developed significant increases in
their Phe intake. One participant experienced debilitating joint pain
resulting from pegvaliase injections, which made her temporarily stop
treatment, and another participant experienced scar tissue buildup at
her injection site, which impacted her self-image. The two participants
that previously took pegvaliase both stopped treatment after experi-
encing anaphylactic shock from the injection. One of these participant
sustained a fear of trying new medications after this reaction.

3.3.6. Illness intrusiveness of phenylketonuria

The majority of participants (88%, n = 22/25) discussed their
diagnosis impacting other realms of their lives. All of these participants
reported PKU having some kind of impact on their mental wellbeing.
Mental impacts from illness intrusiveness were one of the top coded
segments for adult participants (Fig. 2A), but not among adolescents.
Most participants experienced depression and anxiety and noticed
higher rates when their Phe concentrations were not within their typical
range or when they did not have access to their formula. Some had
trouble differentiating whether the mental impacts they were experi-
encing were caused by PKU or something else. Eight participants also
experienced neurological impacts because of their PKU management. Of
the neurological impacts, forgetfulness and lack of focus were the most
frequently mentioned.

In terms of physical health, 78% (n = 17/22) of participants reported
an impact from their diagnosis. The most cited impacts were energy
levels (n = 8), weight management (n = 5), and joint function (n = 5).
Participants stated that when they did not drink enough formula or
follow their diet, they had lower energy levels. One participant felt
chronically tired and this impacted their social life, as they could not
stay up late to socialize with their friends. Of the participants that had
difficulty with weight management, most discussed how the dietary
needs associated with PKU do not align with a typical weight loss diet; a
few tried to find answers through their health care providers and
research, but with no success. Other participants discussed how vitamin
deficiencies in their diets resulted in joint issues and pains that impacted
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their ability to maintain physical health.
4. Discussion

This was an exploratory mixed-methods study to understand the
health management experiences of adolescent and adult females with
PKU. To the best of our knowledge, this is the first study centered on
individuals with PKU to utilize the Illness Intrusiveness Ratings Scale
(IIRS) survey to better understand how PKU impacts different life do-
mains. Findings from interviews included perceived barriers and facili-
tators from individual, interpersonal, and environmental levels that
impacted health management.

4.1. Maternal PKU

For females with PKU, the possibility of maternal PKU (MPKU) is
cause for distress. Our study findings support existing literature in
relation to participants expressing concern over maintaining targeted
Phe concentrations prior to and during pregnancy, and the risk of
causing harm to the baby [5,12]. This concern initiated anxiety for some
around sexual encounters, even with the use of comprehensive contra-
ceptive methods. The findings associated with previously pregnant
participants supported prior literature, as most discussed the difficulty
of maintaining the low Phe diet while pregnant [5]. Social support from
the participant's partner and family seemed to have a protective effect on
maintaining diet during pregnancy. Future research should further
identify protective factors that can sustain dietary management for
pregnant females with PKU.

4.2. Knowledge and self-efficacy

Most adolescent participants did not demonstrate self-efficacy and
knowledge of their health management, partially because they still
depended on their caregivers for their PKU management. This finding is
consistent with data from Cazzorla et al. [13] that found most adolescent
participants in the study did not know their daily Phe intake recom-
mendations. For this reason, adolescent participants were concerned
about the pediatric-adult care transition. Given that previous literature
indicates dietary management success decreases with age [13,14], the
lack of self-efficacy and knowledge among adolescent participants in-
dicates the importance of increasing autonomy of adolescents in their
health management to facilitate care transition. Other literature has
proposed system-based interventions, such as transition preparation
programs to increase knowledge and self-efficacy among patients amidst
the care transition, yet these interventions are more feasible in countries
with existing care transition plans, such as Canada and Ireland [15].
Future research should consider interventions that can be implemented
in the United States in the absence of a national transition model for
individuals with rare diseases.

4.3. Interactions with health care providers

Almost all participants expressed concern over their interactions
with health care providers. Most participants felt their health care pro-
viders, other than those giving PKU care, were unfamiliar with PKU and
this caused distress. Some participants reported being prescribed treat-
ments or medications that were not compatible with their diagnosis.
Previous research had similar findings, with patients expressing frus-
trations with having to educate their providers on their diagnosis [9,16].
When asked what advice they could give to health care providers, most
participants expressed a need for their providers to educate themselves.
There are a few resources available to medical professionals and stu-
dents to increase education on rare diseases, notably from the National
Organization of Rare Diseases (NORD). NORD offers Continuing Medical
Education classes to providers, accredited rare disease education cour-
ses, and resources for patients [17]. These resources offer some
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supplementation to education, yet a restructuring of medical education
could be addressed. For example, Jagiellonian University Medical Col-
lege in Poland successfully instituted a rare disease training program to
increase awareness and competency of medical students in treating rare
diseases [18]. Future efforts could expand medical training in the United
States to utilize these methods and address gaps in rare disease educa-
tion early on.

4.4. Social issues and support

The social implications of PKU were prevalent among participants.
Almost half of participants reported having experienced bullying and
social isolation due to their diagnosis. This finding is consistent with
previous literature that reported bullying due to dietary treatment
among individuals with PKU [16]. The implications of this bullying led
some participants to engage in disordered eating, hide formula con-
sumption, and isolate themselves into adulthood. Previous literature has
found that social isolation was a factor in adults with PKU being less
likely than controls to form normal adult relationships [19]. Conversely,
social support, especially caregiver support, was found to be a protective
factor among participants in their dietary management. These data
indicate the salience of social relationships as serving as a facilitator or
inhibitor for health management. Most studies assessing the impact of
social support focus on caregivers of children with PKU, so future
research should address social support for adult individuals with PKU.

4.5. Insurance and out-of-pocket costs

Most participants had experienced difficulties with affordability of
insurance coverage and formulas. Participants who stated they had
satisfactory insurance coverage still had issues covering their medical
foods and affording out-of-pocket costs associated with PKU. This lack of
affordability is a common finding reported in the literature [20-23]. To
contextualize the cost, Rose et al. [22] found that, in the United States,
the highest annual out-of-pocket costs for families with PKU were
attributed to low-protein foods at $1615 for children, and $967 for
adults. Further, each state has different coverage policies for dietary
treatment through the state, Medicaid, WIC, and other programs [24].
Differential coverage among states was cause for frustration for partic-
ipants when moving from state to state. Those with private health in-
surance also may experience difficulties in coverage of medical formula
and low-protein foods as their third-party coverage does not have to
comply with state mandates [23]. These findings point to an unmet need
for financial assistance and coverage for individuals with PKU.

4.6. General health implications

Illness intrusiveness of PKU across various aspects of health was a
significant issue for participants. Most participants indicated that their
PKU diagnosis and treatment affected their physical, mental, and gy-
necological health. The most common physical issues caused by PKU
were weight management, energy levels, and joint pains. Higher rates of
difficulty with weight management and feelings of tiredness among
adults with PKU have previously been reported in literature [16]. All
participants reported mental implications of PKU, with depression and
anxiety being the most common disorders. This finding aligns with
literature that found higher rates of depression and anxiety of in-
dividuals with PKU compared to the general population [4,16,19,25].
Further, one study found that female subjects with PKU were at a higher
risk for depression and anxiety than male subjects with PKU [19]. Future
research should assess the causes of higher rates of depression and
anxiety among females with PKU, and what can be done to mitigate
these disparities.
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4.7. Limitations

This study has some limitations in its design and analysis. Across
interviews, some interview topics lacked depth, as this was an explor-
atory study covering a wide range of topics related to health manage-
ment. Recruitment was done by convenience sampling from Emory
University's Metabolic Camp and MNT4P's database, resulting in po-
tential biases among participants regarding their health management, as
these are both organizations that promote PKU dietary management.
Further, there were differences in perceptions of location and its impact
on health, as participants from Metabolic Camp lived across the United
States, and enrollees of MNT4P all lived in Georgia. Additionally, there
was a lack of racial diversity among participants, inhibiting a repre-
sentative sample. Future research should qualitatively explore health
management of a representative sample of individuals with PKU, at
different levels of metabolic control.

5. Conclusion

The findings from this study indicate that females with PKU are
significantly impacted by their diagnosis and treatment, and they
experience unique challenges in their health management, including
those related to mental health outcomes, social relationships, and
affordability of health care treatments. Adolescent and adult females
with PKU showed differences in perceptions of health management,
including within areas related to social relationships, insurance access,
and the pediatric-adult care transition. Future research should build on
the findings of this study to create targeted interventions aimed at
improving the health outcomes for females with PKU.
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Appendix A

Molecular Genetics and Metabolism Reports 40 (2024) 101095

# Theme

Quotes

1 Female Identity and Risks Associated with Pregnancy

2 Knowledge, Attitudes, and Self-Efficacy with Health
Management

3 Interactions with Health Care Providers and Their
Impacts on Health Management

4 Social Support with Health Management

5 Insurance and Health Management Costs

6 Geographical Location and Access to Care

7 Pediatric-Adult Care Transition

8 Dietary Management of Phenylketonuria

9 Pharmacological Supplementation

10  Illness Intrusiveness of Phenylketonuria

“I've always been super cautious about getting pregnant because I knew I wasn't in that range, so I've been religiously on birth
control ... I had a pregnancy scare when I think I was 19, and that kind of like shocked my, my life. And I'm like, okay, this
is, this is a real thing. I gotta get something to protect my child because I know myself and I could not live with the idea of me
being the reason that something happened to my child, whether they have to live with a mental disability or they have to live
with a physical disability or something.” [Participant #11, 27 years old)

“It was extremely difficult to be pregnant with PKU, at least in my experience because I had the taste for all the high protein
stuff I wasn't supposed to have and I craved it my entire pregnancy so, so, so bad. But I had to be good.” [Participant #25,
21 years old]

“I think also with the physicality of not being able to work out or be super skinny... being a woman is a lot and having PKU
surely does not help that. Also, going places as a female on dates and having to explain like, ‘Oh, well, I can't eat that.” Or
being like, ‘Oh no, we can't go there for dinner or things.’ I mean, it impacts so much being a woman and having PKU, there's
so much that people don't even think about.” [Participant #22, 30 years old]

“I feel like [PKU management] is going to get easier because I'll figure out more and more what to do with it, but as of now
I'm kind of just figuring everything out.” [Participant #6, 23 years old]

“I can assure you, I [was] the only 6-year-old thinking about, ‘Oh, these French fries probably have X amount of protein.
That's my protein for the day.’ So, I think I've always been pretty good at like managing my own health. It's been so instilled
in me growing up. It's been so important to manage.” [Participant #15, 19 years old]

“Having to deal with PKU ... you have to put in your a hundred percent, but I don't do that because that a hundred percent is
too much for me.” [Participant #2, 15 years old]

“She knew what PKU was, like the name, but she did not know the specifics of like, what enzyme I'm missing, all that fun
stuff. I usually explain it to them, but it is kind of nerve-wracking having to explain your own problems to the doctor.”
[Participant #4, 19 years old]

“There was this one time that I had a dietitian... and she suggested for me to start eating meat to get more protein and I was
like, ‘No, that is a very bad idea.’” [Participant #1, 16 years old]

“I'love [my doctor]. If I had the choice of if I got [PKU] or not, I would get it just to meet [my doctor]. She is so freaking
sweet. I love her. I, I don't want another doctor, like, hell no, I can't switch doctors. [My doctor] is my only one.”
[Participant #11, 21 years old]

“If you're able to find Facebook groups or this camp, for example, that's very helpful. Coming somewhere where it's so
normal or being surrounded by people where it's normal, having that sense of normalcy and inclusion really helps.”
[Participant #12, 24 years old]

“I remember spilling my formula on the carpet one day in third grade, and people — because it doesn't smell pleasant — but
people were like, ‘Ew, what is that?’ Stuff like that has kind of stuck with me my whole life, and I've had to work through
some issues. So, I would say the hardest thing was incidents like that caused trauma that I struggle with. ” [Participant #15,
19 years old]

“One insurance that I did get it covered, it was covering both my regular doctor and my [PKU] doctor, but then it wouldn't
cover the medication, so that was a roadblock in itself, because I can survive without going to the doctor, but I can't survive
without the [sapropterin dichloride], because I'm already eating this much protein. I'm used to it.” [Participant #14, 23
years old]

“[Sapropterin dichloride was] about a thousand dollars a bottle. I think I was taking 14 pills a day and that really won't last
you long.” [Participant #14, 23 years old]

“I've got friends in Canada who have PKU and they're like, ‘We get a stipend every month for food and we get formula
covered, you need to come here.” And I have been so close so many times.” [Participant #22, 30 years old]

“I'm really scared of anything adult-related with healthcare, because I like to go to my appointments alone and I like to
schedule them myself, but the whole idea of just dealing with it, but they expect me to be an adult about it is kind of something
that I'm not used to.” (Participant #24, 18 years old]

“You know how [genetic clinic] has the informational classes? Maybe something like this is what you need to do when you
need to get insurance for your medicine, or your formula or food, or send out like brochures for the food because I don't know
where to look.” [Participant #6, 23 years old]

“The diet's easy enough because, at this point in my life, I don't want a lot of meat, seems a little gross, quite honestly. Makes
it easy.” [Participant #16, 24 years old]

“You have to wait to eat till you get home, so then you're sitting there not eating and it's like, well, this sucks.” [Participant
#5, 18 years old]

“I've even implemented some changes that have helped me. I put all of my PKU supplies in one drawer in my kitchen; I have
my lancets, I have my filter papers, I have a pen, I have envelopes, I have all my Palynziq stuff. It's very accessible, very
easy.” [Participant #12, 24 years old]

“It's physically exhausting for me, like I don't want to do it. I get so annoyed that I have to weigh my food and do this and
that, that I'm like, I'm just not going to eat right now.” [Participant #2, 15 years old]

“And that's like — because on Kuvan I can have like triple what I normally have, like quadruple what I normally have
almost.”

“As soon as I injected myself, then since I was already panicking, my blood was already pumping, it moved quickly. So as
soon as I felt my throat tighten up, then my whole body like went into a muscle spasm, like my whole, every muscle in my
body tightened up, and I don't know if you ever had a Charley horse in your calf? Like that's what my entire body felt like.”
“If I'm just having a really rough time with my mental health, I'm also having a really rough time with my PKU. They go
hand-in-hand. It's a double-edged sword.” [Participant #12, 24 years old]

“It's almost like having two different health systems in my body, like I have the PKU health that does its own thing and causes
issues, but those issues can overlap into my normal body health. It's like having two bodies in one that have completely
different systems. It's stressful because before I found [my doctor], a lot of times my health issues would overlap and so I
couldn't decipher them and no one else could.” [Participant #10, 27 years old]
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