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Abstract

Background/Objectives: In Phenylketonuria (PKU), engaging in regular physical activity
and exercise (PA/E) is important for physical and psychological health, but additional
considerations may be required to facilitate uptake and performance as well as to optimise
metabolic control. The aim of this study, therefore, was to investigate the stakeholder
perspectives on the barriers, facilitators, and solutions to completing PA/E, sport, and
nutrition in PKU. Methods: In total, 7 in-person and 6 online semi-structured focus groups
(FGs) were conducted with individuals with PKU (n = 31), caregivers (n = 13), clinicians
(n = 17), and medical industry professionals (n = 14) in PKU (n = 75 total participants).
Three main questions about the barriers, facilitators, and solutions to performing PA/E
with PKU were explored. Identified themes were mapped onto the capability, opportunity,
motivation, and behaviour (COM-B) model of behaviour change with anonymous quotes
from relevant stakeholders used to illustrate the findings. Results: Five common themes
were identified. Most notably, individuals with PKU and their caregivers stated fatigue,
poor recovery, low energy, and fear around the impact of exercise on blood phenylalanine
(Phe) control were barriers to PA/E. Individuals with PKU were aware of the potential
benefits of exercise, stating PA/E impacted positively on their mental well-being, daily
functioning, and happiness and improved their self-confidence and long-term health.
Identified solutions to PA/E participation included greater knowledge in regard to the
impact of PA/E on Phe levels, improvements in advice on amount and supplementation
with protein substitutes, tailored PKU nutritional advice, more awareness of PA/E within
and outside the PKU community, specific PKU guidelines for PA/E, more scientific research,
and PA/E events. Misalignment was evident, such that individuals with PKU reported
additional barriers to PA/E, whereas other key stakeholder groups perceived the same
barriers as the general public. Conclusions: There seems to be a misalignment between
individuals with PKU, caregivers, clinicians, and industry professionals regarding PA/E,
sport, and nutrition. Individuals with PKU and caregivers reported additional barriers to
undertaking PA/E, sport, and nutrition compared to the general public. This suggests that
further education and collaboration is needed through stakeholders to better understand
how such barriers could be overcome in respect of PA/E, sport, and nutrition in individuals
with PKU.
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1. Introduction
In healthy individuals, it is generally accepted that physical activity and exercise

(PA/E) can improve mood and cognition [1], decrease depressive symptoms [2], reduce
obesity risk [3], and may improve bone density [4], contributing to maintenance of long-
term health [5]. However, for those living with a chronic condition such as cardiovascular
disease (CVD), hypertension, cancer, and type 2 diabetes (T2D) [6], participation in PA/E
and sport may present further difficulties. A chronic condition presents additional barriers
for participation in PA/E [7], and optimisation of exercise and nutrition to support this
may pose many challenges beyond those usually experienced by the general population,
such as motivation, time, and resources [8]. Research has shown individuals with physical
disabilities or chronic conditions have lower physical activity levels than the general
population [9,10]. Based on this evidence, it is intuitive to suggest that these individuals
may potentially gain physical and mental health benefits from regular engagement in
PA/E [11,12], which may subsequently reduce premature mortality and risk of additional
health co-morbidities and thus improve individuals’ quality of life [13,14].

Phenylketonuria (PKU) is a rare, genetic metabolic disorder associated with a de-
ficiency of the enzyme phenylalanine hydroxylase (PAH), where individuals with the
condition have a reduced ability to convert the amino acid phenylalanine (Phe) to tyrosine
(Tyr). Uncontrolled accumulation of Phe in the blood and brain causes physiological, neuro-
logical, and intellectual disabilities [15]. Several physiological and cognitive issues specific
to PKU are reported [16], including increased oxidative stress [17,18], increased levels of
fatigue associated with exercise [19,20], mood disturbances [21], poor bone health [22–24],
and cognitive impairment (reduced sustained attention and processing speed) [21,25,26]. In
addition, social exclusion, disordered eating, gastrointestinal (GI) issues, and poor quality
of life and mental health have been reported in individuals with PKU compared with
the general population [27–29]. Data from a cross-sectional observational study in Brazil
found over 96% of adolescents with PKU (n = 94) were sedentary and 19% reported being
overweight, which was significantly linked to body composition [30]. Additionally, data
from a small-scale study conducted in the United Kingdom [31] found that both children
and adults with PKU were significantly more sedentary than a control group. The au-
thors reported that moderate physical activity duration (MPAD) in adults with PKU was
27 min per week, which is not equivalent to one day of activity stated in the European
(EU) guidelines [15,32] and would class them as “inactive” according to the UK physical
activity guidelines [33]. This evidence suggests that individuals with PKU are more inactive
compared to generally healthy controls, which may suggest they have additional barriers
to PA/E, sport, and nutrition.

The importance of sports nutrition to support exercise within PKU has been high-
lighted by González-Lamuño et al., [34] and described by Rocha et al., [35] via a three-
patient case report within elite athletes. This resulted in recommendations including
monitoring energy intake whilst maintaining a high carbohydrate diet and optimal hy-
dration status, though this advice was based on evidence from healthy populations rather
than experimental research in individuals with PKU. The total protein equivalent intake
from natural protein and low Phe protein substitutes of the strength-trained individual
was 1.37 g.kg.BM day−1 and 1.47 g.kg.BM day−1 for the female rugby player (England
National Team) with PKU. Both intakes are well below the recommendations from sports
nutrition guidelines [36]. Based on this evidence, albeit limited, those aiming for sporting
performance with PKU are currently significantly below the nutritional guidelines for pro-
tein intake. This evidence suggests that athletes with PKU may have additional barriers to
non-PKU athletes in respect of sporting performance, which warrants further exploration.
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Considering the potential barriers to PA/E, sport, and nutrition in PKU, two primary
guidelines have been produced for the EU [15] and by industry (Nutricia) [37]. Specifically,
the industry guidelines are almost entirely built upon research in non-PKU cohorts, which
is a concern given that due to the altered protein metabolism and that states of catabolism
could increase Phe and therefore compromise long-term health. Given the unique physiol-
ogy of PKU, it is important that any guideline is built upon research specifically in cohorts
with PKU. In addition, the EU guidelines state, “Patients with PKU should be encouraged
to participate in exercise and sporting activities and maintain adequate nutrition and en-
ergy intake to ensure optimal performance” [15]. This is a vague recommendation and
is based on a low level of evidence for individuals with PKU. Future developments are
required to produce appropriate guidelines to suit the needs of individuals with PKU,
where stakeholder feedback is an important part of this process.

Whilst it is important to explore the barriers to PA/E, sport, and nutrition in PKU,
it is also important to capture the facilitators and solutions. To work towards potential
solutions, it is also important that these factors are obtained from all interested stakeholders
to improve support for any subsequent recommendations. To date, this has not been
considered for PKU, unlike other chronic conditions such as diabetes [38], obesity [39],
and musculoskeletal disorders [40], where typically patients, clinicians, industry, and
charities are consulted. Exploring these perceived barriers within PKU may prove beneficial,
as research has been successfully completed in a variety of health conditions to help
with PA/E prescription, including the aforementioned conditions [41–44]. Without this,
there is a greater risk of inappropriate guidelines or guidelines that do not secure the
“buy-in” from the target population. The aim of this study, therefore, was to explore the
barriers, facilitators, and solutions to PA/E, sport, and nutrition in PKU from different
stakeholder perspectives.

2. Materials and Methods
2.1. Sampling and Recruitment

A purposive sampling approach was employed, whereby all participants either had a
formal diagnosis of PKU and were over 18 years of age, or caring for someone with PKU
(<18 years of age), or were employed in a role related to the treatment of PKU (i.e., clinician
or industry professional). These stakeholders were recruited through in-person conferences,
social media, and snowball sampling (i.e., word of mouth). As a result, 75 individuals
(n = 31 individuals with PKU, n = 13 caregivers, n = 17 clinicians, and n = 14 medical
industry professionals) participated in this focus group study (Table 1). All participants
provided written informed consent, and the study received institutional ethical approval.

2.2. Reflexivity and Positionality

The research team itself consisted of academics and professionals in both Sport and
Exercise Science as well as Inherited Metabolic Disorders (IMDs). As a research team,
being aware of our behaviour, positionality, values, and assumptions helped understand
how this may affect data collection, analysis, and interpretation. Additionally, taking a
qualitative neo-positivist approach [45] meant we were seeking to represent the views of the
participants whilst minimising the impact of the researchers’ subjectivity. All researchers
in the team have experience in research with elite athletes and/or with individuals with
PKU. This allowed for shared learnings and approaches to suit the target population to be
considered in regular group discussions. The lead author (AGS) surpasses the UK Chief
Medical Officers’ Physical Activity Guidelines [33], whilst also having PKU, which might
have affected how participants related to AGS, as a researcher and how much participants
were willing to share. It may have made participants with PKU reveal more information or
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engage more in the research, as they have potentially built a stronger rapport between AGS,
as a researcher, and them, as a participant, and possibly felt more understood compared
to a non-PKU researcher [46]. Research has shown that the establishment of rapport is
needed to generate rich data and personal information, whilst keeping respect for the
participant [47]. As a researcher, the position of AGS cannot be changed; they recognise
their role as an insider and how this may help to generate more in depth information. AGS
is unable to be impartial as a researcher but instead was seen as part of the group.

Table 1. The composition of focus groups.

13 Focus Groups
(7 In-Person; 6 Online) n = 75

Industry
14

Male: 2
Female 12

Individuals with PKU
31

Male: 7
Female: 24

Caregivers
13

Male: 4
Female: 9

Clinicians
17

Male: 2
Female: 15

2.3. Data Collection

A total of 13 (7 in-person; 6 online) semi-structured focus groups (FGs) were conducted
with the range of participants consisting of 2–9 people per focus group [48]. This is
in line with recommendations for focus group size to maintain rich, in-depth data and
balanced group dynamics [49]. FGs were used for this study as they are considered a
respected qualitative research tool to gain insight and valuable information within a field
of interest [50]. The FGs covered three main areas, focusing on barriers, facilitators, and
solutions to PA/E. The FGs were either held in-person at a national conference (The
National Society for Phenylketonuria (NSPKU), Warwickshire, UK, 2024) or academic
institution (Birmingham City University) or held online (via Microsoft Teams). The use
of online FGs was seen as advantageous to gain data from those who could not attend
the conference, were based overseas, or felt any environmental barriers preventing their
involvement [51]. Prior to implementation, the FG questions and conduct of the FG was
piloted with members of the research team. The FGs were recorded via MS Teams and
transcribed automatically. The lead researcher (AGS) checked the transcription against
the recording where appropriate. Each FG lasted approximately 45–60 min with 15 min
allocated to cover each of the 3 questions and 10–15 min to discuss ground rules. Following
the FG, the research team met and reflected on each session, discussed any key themes
raised from responses, and adjusted the approach if necessary for future FGs.

2.4. Data Analysis

Following the FGs, the lead researcher (AGS) read through all the transcriptions and
used thematic analysis [52] to map the responses onto the COM-B model of behaviour
change [53]. The COM-B model is a recognised behaviour change model that proposes
that behaviour (B) is impacted by the individual’s perceived capability (C) (physical and
psychological) to take part in the behaviour, their motivation (M) (automatic and reflective)
to undertake the behaviour, and their perception of opportunities (O) (physical and social)
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to take part. Initially, the lead researcher carried out coding of the data. A mind map
was developed by the lead researcher (AGS) and shared with a member of the research
team (LAG) along with the transcripts of the focus group. Once reviewed and agreed, two
researchers (AGS and KL) met, and the codes were then grouped according to the COM-B
model; where similarities were present, they were put together to form the overarching
themes and sub-themes. This data was discussed within the whole research team to refine
the specific themes, provide clear definitions, and ensure no data/themes were missed.
This process was used to help take the raw data to actionable, theory-informed insights
mapped to behavioural determinants [54] and has been used in previous research [55].
Finally, in mapping to the COM-B model of behaviour change, this may influence future
intervention research.

3. Results
The total composition of focus groups and participant information can be seen in

Table 1. Interpretation of the data analysis generated five main themes within the barriers
and facilitators in relation to individuals with PKU performing PA/E, sport, and nutrition.
These were as follows: 1. physical effects of PKU; 2. psychological effects of PKU; 3. support;
4. knowledge and management; and 5. opportunities. These will each be discussed in
relation to the COM-B model [53] (Table 2).

Table 2. Identified main themes, sub-themes, and relevant verbatim quotes to display the barriers
and facilitators of individuals with PKU performing physical activity, exercise, sport, and nutrition
from key stakeholder perspectives.

Theme Sub-Theme Example Quote

PHYSICAL EFFECTS
OF PKU

• Metabolic control leading to inadequate
energy due to Phe levels

• Long-term health concerns driving need
to be fit

(Capability)

Barriers:
“Constant battle of just not having enough energy, not being
able to fuel myself, not being able to recover properly, which
definitely prevented me from reaching the level I wanted to
reach in my sport.” (PKU Individual)

“. . .some of the teenagers who maybe run very high levels, just
extreme tiredness. That’s actually not with exercise, but they
just get home from school or whatever, and they’re asleep and
so just no capacity. . .absolutely nothing to do with exercise at
all. . .run out of energy. Can just about cope going to school
and that’s it” (PKU Clinician)
Facilitators:
“So, when she is good metabolic control, it definitely is a great
facilitator.” (PKU Caregiver)
“Additional health benefits. . . they may have other
co-morbidities. . .but generally, to just improve your health.”
(Industry)
“. . .the younger ones might be more interested in like muscle
building. . .ladies sort of in sort of menopause sort of ages and
like they should be doing it for muscle strength, if for their
mood and feeling better.” (PKU Clinician)
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Table 2. Cont.

Theme Sub-Theme Example Quote

PSYCHOLOGICAL
EFFECTS OF PKU

• Cathartic effects of engaging in physical
activity, exercise, and sport

• Improved and reduced self-confidence
around engaging in activity with PKU

• Increased and decreased anxiety around
engaging in activity with PKU

(Motivation)

Barriers:
“. . .I think a lot of it is for me is it’s mental now, that I’ve always
gone in the back of my head, I can’t do it, I’m not going to be able to
do it because I’ve had so much people seeing negativity to me
throughout my childhood. And I stopped dancing because people
were then saying stuff. . .” (PKU Individual)
“I think sometimes they don’t even believe exercise and similar
things is an option to them anyway, because they’ve got a chronic
condition. Therefore, they don’t believe they can do XY and Z, and
exercise might be one of those things that they do even believe is an
option to them that they can do it in a healthy, managed way.”
(Industry)
“A sort of twin anxiety, one is you’ve got to try something new and
maybe meet other people that you don’t know and new people and
interact with new people, but also you’ve got to navigate and go to
a new place and a new environment.” (PKU Clinician)
Facilitators:
“. . .if they’re struggling with the diet and struggling with things
that come with PKU, maybe it’s a bit of escapism as well.”
(Industry)
“. . .it just makes me feel happy. . .I just feel happier in myself once
I’ve done that class. . .I find it enjoyable. . .and it’s just an hour in
my life where I don’t need to think about work, I don’t need to think
about the stresses of work, PKU, my life. I’m just in a bubble of
enjoyment where I can just let go.” (PKU Individual)

SUPPORT

• Role models within PKU
• Clinical
• Family
• Peers

(Opportunity and Motivation)

Barriers:
“. . .it’s like important to almost like have a role model or see people
do it because then you actually think, oh, I can do this too.” (PKU
Individual)
“social media is good for people being active because they see other
people being active. But sometimes I think it has a negative
effect. . .I can’t do a one hour 44 half-marathons, so I’m not going to
bother to do it in five hours, so I think social media definitely has an
influence in the younger adult population. . .” (PKU Clinician)

“. . .there’s other peers who don’t have an understanding of PKU. . ..
she’s like, well, maybe I’m not a sporty person. . .so she’s looking for
other avenues to identify with and to understand who she is. And
I’m really trying to support her around that, but I think that’s
hugely difficult at times.” (PKU Caregiver)
“Sometimes parents are overprotected with PKU children. In
particularly say that where there’s been significant trauma around
how the parents have received the diagnosis. And you know they
see the child as everything being unfair. . .if exercise is layered on
top as something else that they have to do, then that’s something
they might push back on. So, it’s a parental kind of barrier. . .”
(Industry)
Facilitators:
“I think also the friendships you make on the way, you do meet
supportive people. I think I’m finding that the same and it kind of
encourages you to say if you take part in the competition or you take
part in a half marathon that’s something that’s super rewarding
whether you have PKU or not that sometimes it can feel extra good
knowing that I have PKU and I’m doing this.” (PKU Individual)
“And we’re very physically active family, so I think that too is
definitely a facilitator.”(PKU Caregiver)
“. . .if there’s more exposure to information online, peer-to-peer
seeing you know seeing other people talk about or doing sporting
activity and maybe you know even better saying how they
compensate or don’t need maybe don’t need to compensate for doing
activity with PKU, then I think that’s going to be a motivating
factor.” (Industry)
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Table 2. Cont.

Theme Sub-Theme Example Quote

KNOWLEDGE AND
MANAGEMENT

• Limited knowledge of PKU with
physical activity, exercise, and sport

• Clinical awareness of PKU
• Public awareness of PKU
• Awareness in the PKU community

(Capability and Opportunity)

Barriers:
“I think their main barriers are probably the same as the general
population. . .” (Clinician)

“. . .I can’t think of a scenario where someone with PKU had specifically
raised barrier in relation to PKU about doing some form of physical
activity. . .” (Industry)

“I have a feeling that a lot of research needs to be done. . .whenever I ask
for example can I drink creatine ‘cause I do weightlifting a lot in past 4
years and I do it quite heavy. I can do way above my body weight, and I
feel like I need some creatine or something. . .I’m training 4 to 5 days
every single week 4 sessions of 2 h and I’m lifting weights every single
week and you tell me that I don’t need it. I’m not a professional so to me
that’s sort of a barrier of knowledge because I feel like my body wants
something extra. . .” (PKU Individual)

“When we’ve talked about her, perhaps not having enough protein
supplement and does she need more, we’re always told no, it’s absolutely
fine. . .I think psychologically, she feels like it’s going to make her not feel
very good and then that kind of puts her off. . .joining in and putting the
effort in to do the exercise.” (PKU Caregiver)

“There are inconsistencies across the board.” (PKU Individual)
“I think I probably don’t focus on that. I kind of focus on things like, yes,
you’ve got lots going on, haven’t you? I wouldn’t really talk about
physical exercise very much unless they’re really struggling mentally
actually. . .I tend to bring in physical exercise mostly as a weight control
conversation or a weight management conversation.” (PKU Clinician)
Facilitators:
“. . .recently I’ve had a chat with my dieticians and metabolic team. . .I
did want to gain weight in the form of muscle, but my plans have kind
of changed since then. But for the first time ever, they actually said why
don’t we try giving you another supplement and we’ll see how it
goes. . .And that kind of made me feel more like supported and motivated
cause I’ve always kind of, I wouldn’t say dismissed the hospital, but I
always felt a bit like they weren’t on my side, if that makes sense. But for
the first time, as I had quite an open conversation with them. . .”
(PKU Individual)
“I would say education. . .movement doesn’t have to be going to the gym
or running a marathon. . .I think unless you understand that, then it’s
like, why should I bother? And so I think education is a really, really
important aspect of you know, we’re facilitating someone too perform
physical activity or just move in general.” (Industry)

“I think maybe as well with PKU adults it depends how people feel about
PKU as well. So we’ve got some adults who are kind of like I’m just
going to do whatever I’m not going to let PKU you get in my way, but
there’s other people who struggle with that.” (PKU Clinician)

OPPORTUNITIES

• Availability of sports to engage in
• Cost
• Influence of socioeconomic

demographic status

(Opportunity)

Barriers:
“. . .we deal with is families who have and families who have not, and it’s
really the have nots and some of it is some will say some live in areas
where it’s not safe to go out in the evening and play or there’s no safe
play areas for them to go and do exercise. I think the other thing is that
the families who live in deprived financially and just everything else,
they’re the ones who don’t get to the after-school clubs and the activity
clubs, they just don’t get opportunity to do it. . .so I see a lot of lack of
exercise and physical activity due to deprivation.” (PKU Clinician)

“. . .trying to organise the times of swimming lessons or football lessons.
Sometimes they’re not compatible with mealtimes or taking supplement
time. . .” (PKU Caregiver)

“. . .he wants to learn to doing karate. . .I might be struggling because I
live right now far away. . .is 45 min walking.” (PKU Caregiver)
Facilitators:
“. . .And the lower the cost, so something that was cost free like going
outside and just walking and talking or walking, walk, run, walk, run
type thing.” (PKU Clinician)

“. . .it is the parents and it’s kind of what, like social demographic they’re
in. If they’re in like, you know like higher middle classes they’re the ones
that all the kids are all doing all different sports, and they’re just to do
things and they’re always at different clubs and things. So, they’re the
ones that we see that are, you know, are motivated to get their kids doing
lots of different things.” (PKU Clinician)
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3.1. Barriers and Facilitators

The following section outlines the focus group findings from each theme and sub-
themes identified showing how each stakeholder perceived them to be barriers or facili-
tators to individuals with PKU engaging in PA/E, sport, and nutrition. These themes are
also linked to the COM-B model throughout [53].

1. PHYSICAL EFFECTS OF PKU (Capability)

Within this theme, two further subthemes were identified: 1. metabolic control leading
to inadequate energy perceived to be due to Phe levels and 2. long-term health concerns
which were driving a need to be fit. Timing food and protein substitute intake accordingly
around activities and ensuring individuals with PKU are eating enough to support PA/E
was another commonly reported barrier by all stakeholders. A few stakeholders, including
individuals with PKU and in the industry, related this in response to gastrointestinal issues
(GI) occurring with ingestion of protein substitutes.

The second sub-theme was individuals’ concerns over their long-term health which
facilitated their engagement in PA/E and sport. This was expressed from all perspectives,
with adults specifically focusing on maintaining bone health, body composition, and
weight-management strategies. Importantly, maintaining stable Phe levels was reported to
help facilitate PA/E, sport, and dietary adherence and was a motivator to being healthy.
Individuals with co-morbidities, such as osteoporosis alongside PKU, found PA/E helped
manage these conditions, and industry participants also echoed this from their experience
of working with individuals with PKU.

2. PSYCHOLOGICAL EFFECTS OF PKU (Motivation)

Preventing poor or maintaining good mental health is a large part of PKU manage-
ment from living with a chronic disease and was a key finding from this study. Further
sub-themes included the cathartic effects of engaging in PA/E and sport; both improved
and reduced self-confidence around engaging in PA/E and sport with PKU and increased
and decreased anxiety around engaging in PA/E and sport with PKU. For some individuals,
there was a mental barrier for engagement either by having a chronic condition or receiving
negative comments from others around them taking part. As a result, this reduced their mo-
tivation for PA/E and sport, stemming from difficulties with anxiety and self-confidence to
initiate participation. Additionally, fear of judgement/comments from others and reduced
belief about individual’s own self-efficacy impacted negatively on PA/E participation
and sport performance. Individuals with PKU and clinicians shared their experiences of
self-confidence and difficulties when trying to engage in PA/E, due to mental barriers
and lack of self-confidence, which fed into their sport performance. This also included
the fear individuals had themselves of initiating exercise, as they felt concerned of the
unknown effects this may have on their metabolic control and consequently their PKU
management. Individuals with PKU raised this as a barrier to PA/E and sport participation,
and the lack of information and research around exercise and Phe levels reinforced this
issue. Consequently, this acted as a barrier to even begin PA/E and sport from a perceived
inability due to having PKU.

Psychological facilitators were also evident as a key facilitator for participation in
PA/E. Individuals were motivated to engage in PA/E and sport for the cathartic effects felt
afterwards, citing improved self-confidence and reduced anxiety, which helped their overall
mental health and well-being. This was also expressed by both clinicians and industry
professionals. The cathartic effects of activity included feeling happier post-exercise, feeling
more in control, and improvements in overall well-being, which were expressed by all
stakeholders as important to individuals with PKU. PKU adults, caregivers, and clinicians
working in PKU reported the importance of participation for fun and enjoyment, and
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caregivers also reinforced this concept. The ability to escape from everyday life, stresses, or
thinking about PKU was felt as a facilitator for PA/E and sport by many adults with PKU
but also recognised by industry. A striking number of respondents expressed their mental
health to be at the forefront for engaging in PA/E and sport. The improvements towards
feelings of anxiety, self-confidence, and overall functioning facilitated by engagement in
PA/E were also expressed by all stakeholders as being important, with patients specifically
reporting it to be part of their own identity.

3. SUPPORT (Opportunity and Motivation)

The main theme of support covered a range of different sources, as shown in the
sub-themes identified: 1. role models within PKU, 2. clinical, 3. family, and 4. peers. A lack
of PKU role models participating in PA/E and sharing their experiences was identified as
a barrier to engagement, which can be linked back to self-confidence and belief in one’s
own ability. This was supported by all stakeholders, who discussed a lack of inspiration
from those within the community, thus reinforcing the barrier towards engaging in PA/E
and sport with PKU. Industry also expressed how the PKU population role modelling
PA/E and sporting behaviour would increase motivation and beliefs around participation,
which was agreed by all and seen as a fundamental but was an uncommon facilitator
in the PKU community. A concept raised by clinicians and expressed by adults with
PKU was the ability to relate to those who are already sharing their exercise journey with
PKU through social media. Clinicians shared how individuals who may not want to or
do not have the necessary experience to complete a particular event, distance, or time
possessed a negative attitude, which acted as a barrier towards engaging in PA/E and
sport. Furthermore, industry and clinicians stated barriers shown by parents where they
are either “overprotective” of their child with PKU and think of exercise as an additional
challenge so they do not engage or they “overcompensate” and are very encouraging and
dedicated to exercise training regimes. It is clear from these findings that the barriers and
facilitators for individuals with PKU will differ depending on individual circumstances,
which highlights the need for more personalised approaches to PA/E, sport, and nutrition.

Support was shown to be a great facilitator for both adults and children with PKU in
participating in exercise, from the friendships they created. All stakeholders supported
this concept, as friendships appeared to make exercise encouraging and contributed as a
large motivator for engagement. Peer support from close friends who understood PKU,
family members, or partners who were also active was a key concept supported by all
stakeholders to facilitate regular participation by individuals with PKU. Adults expressed
how parental engagement in PA/E motivated them to be active with PKU. The main
reoccurring message shared by all was the importance of individuals wanting to “fit-in”
and feel “normal”, linking back to self-confidence. Interestingly, industry states that the
general greater awareness of PA/E in the non-PKU population has facilitated a great
interest in individuals engaging in PA/E, sport, and nutrition.

4. KNOWLEDGE AND MANAGEMENT (Capability and Opportunity)

The overarching theme that resonated with all stakeholders was a lack of knowledge
regarding PA/E, sport, and nutrition. This fundamental knowledge gap reported by all
can be linked back to the issues with the support systems available to the PKU commu-
nity, which links to the identified subtheme 1. lack of awareness in the PKU community.
The impact on PKU care was clear, with several adults expressing how they have never
discussed PA/E or nutrition with PKU in clinic appointments. Some individuals shared
they have even changed things without their clinic’s consent to align with their goals,
confirming the inconsistencies within the support systems and misalignment amongst
stakeholders. Responses from industry also expressed how they were unaware of any
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reason why someone with PKU would struggle to engage in PA/E or sport (please see
quote in Table 2) and expressed more interest in the area in recent years. However, clinicians
(and individuals with PKU) acknowledged a lack of conversations regarding PA/E, sport,
and nutrition. This displays a disparity between stakeholders and their experiences with
patients, showing that individuals with PKU seem to be seeking outside of clinic support
for PA/E and sport. This limited knowledge was also evident in relation to fuelling sporting
performance, with individuals reporting that they were uncertain if their nutrition was
correct for the demands of their exercise and whether this would impact their Phe levels,
describing it as a “guessing game”. This suggests an unmet need for nutritional support to
maintain metabolic control and a lack of clarity on how to optimise performance outcomes
in PKU. This is not surprising given the lack of literature investigating the Phe response
to exercise [56,57].

Increased education to improve general knowledge and management strategies of PKU
was perceived as a facilitator to participation, which was communicated by all stakeholders.
Adults expressed how having more information and conversations around this topic made
PA/E and sport appear more desirable. Clinicians and industry both agreed that if you
were from a more privileged background and were well educated (i.e., degree level), this
aided the understanding of the importance of PA/E, sport, and subsequent participation. In
comparison, underprivileged and less well-educated individuals or families were less likely
to prioritise PA/E, sport, and nutrition. This is supported by research where higher Phe
levels have been found in those families who are less educated and therefore are less likely
to understand the importance of PKU management with PA/E and sport participation [58].
The need for specific advice for individuals with PKU was apparent and of high significance
to all stakeholders, with clinicians suggesting that if research can be conducted to show a
positive effect of PA/E on metabolic control, it may help motivate patients to participate.
This was also raised in relation to the patient’s own self-belief regarding involvement in
PA/E and sport, alongside their metabolic control and attitude towards PKU. Clinicians
reported that those who are well controlled and have a positive attitude towards their
PKU are usually the ones regularly taking part in PA/E and sport, whereas individuals
expressed that also having the ability to have open conversations with their metabolic team
regarding any dietary changes to support exercise goals was a facilitator and provided a
source of support and motivation. Many individuals reported poor experiences of trying
to engage with clinics, sharing that the topic of PA/E, sport, and nutrition to support this
is often dismissed in conversations, linked to cost and/or a lack of knowledge. Overall,
the knowledge and management of PKU was a key area in relation to the barriers and
facilitators to PA/E and sport participation, with a high number of responses from all
stakeholders around this theme.

5. OPPORTUNITIES (Opportunity)

Sub-themes reported were 1. availability of sports to engage in, 2. cost, and 3. influence
of socioeconomic demographic status on the availability of sports and costs. This lack
of opportunity to engage with sports was reported by clinicians working in PKU, with
social deprivation and financial costs as barriers to engagement. Sociodemographic and
economic status were influential to being either a facilitator or barrier to participation in
PA/E. This was supported by another clinician who reported that these opportunities
were only available to those who could afford it. Those with higher incomes had the
opportunity to try different sports clubs, and parents were found to be a key influence
on childhood and lifelong participation in PA/E. In addition, the logistical challenges of
the Phe-restricted diet regarding opportunities to engage in PA/E was apparent in both
patients and caregivers of those with PKU. Individuals with PKU and caregivers described
how the timing of exercise (both scheduled classes or preferred time of exercise) with
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protein substitute intakes or mealtimes across the day, specifically early mornings or after
work/school, provided difficulties. This presents the challenge of having the opportunity to
engage in sports but at an appropriate timepoint so that dietary management is still aligned.
Here, the dietary management of PKU, together with the time available for participation in
PA/E and sport, was reported as a barrier to participation.

3.2. Solutions

Data analysis using the highlighted five main themes from different stakeholder
perspectives identified various solutions for individuals with PKU to engage in regular
PA/E, sport, and nutrition. These will each be described in turn below in relation to the
COM-B model [53]. Please see Table 3 for each of the five key themes, subsequent sub-
themes, and relevant transcript quotes, which have been aligned with the COM-B model of
behaviour change [53].

Table 3. Identified main themes, subsequent sub-themes, and relevant example quotes to display the
solutions to people with PKU performing physical activity, exercise, sport, and nutrition from key
stakeholder perspectives including individuals with PKU, caregivers of those with PKU, clinicians,
and industry working in PKU globally.

Theme Sub-Theme Example Quote

PHYSICAL EFFECTS
OF PKU

• Metabolic control leading to inadequate energy
due to PHE levels

• Long-term health concerns driving need to be fit

(Capability)

Solutions:
“. . .but a lot of patients do have IBS. . .And I think there’s some evidence that
walking and are kind of moving. . .and if you do a weight bearing exercise that
can help there is there is some literature out there. . .” (PKU Clinician)
“. . .if there were products that weren’t as harsh in your stomach or easier to
travel. . .to be able to get energy if there is a way you could have something like,
say, those energy bars that are quick to take, or you travel easily with them. . .”
(PKU Individual)
“. . .this particular person didn’t like bread, never ate bread, never ate low
protein bread and didn’t like pasta we were stuffed really because we couldn’t
get enough carbohydrate into her. . .But immediately she went out of control as
far as the PKU was concerned and immediately a performance fell off because
she wasn’t concentrating as well. . .it’s not just about getting enough energy
into somebody’s it’s about maintaining that control. . .the two have to go hand
in hand. So it’s not just about the capacity to have enough energy is about the
capacity to be smart.” (PKU Clinician)
“the research I think the perhaps the confidence. . .that it might not affect the
Phenylalanine levels.” (PKU Clinician)

PSYCHOLOGICAL
EFFECTS OF PKU

• Cathartic effects of engaging in physical activity,
exercise, and sport

• Improved and reduced self-confidence around
engaging in activity with PKU

• Increased and decreased anxiety around
engaging in activity with PKU

(Motivation)

Solutions:
“. . .just having like psychological help available for that as well and
understanding how that can feed in to exercise and how to do it safely.” (PKU
Individual)

“It’s holistic, isn’t it? Because you’re only going to exercise if you’re motivated,
you’re only going to be motivated if you’ve got your levels right. If you haven’t
got your levels right, you’re not going to be motivated.” (PKU Clinician)
“making certain things accessible for people with anxiety. I think the other
slightly more speedy and cost effective solution would probably be exercising in
your own home using zoom.” (PKU Clinician)
“I think if I had something a bit more concrete to follow, that would not only
help me, but then also if I did want to do exercise in like a sports centre, a gym
or whatever, then I could I’d feel more confident in, like going to someone else
that doesn’t know about PKU and helping them to understand. . .I feel like with
exercising, I have no idea because I currently don’t know how it’s best to feel my
body with the carbs and the proteins for exercise. But if I did have a clearer map
of that, then I would feel more confident.” (PKU Individual)
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Table 3. Cont.

Theme Sub-Theme Example Quote

SUPPORT

• Role models within PKU
• Clinical
• Family
• Peers

(Opportunity and Motivation)

Solutions:
“. . .if there’s some kind of like support group or network where if someone does want
to do exercise just to like compare notes and experiences and things with other people
that are exercising as well to kind of build confidence and momentum.” (Industry)
“. . .it’s making sure that the parents know the benefits of exercise that could be, you
know, given to their children, particularly if they I’m not familiar with exercise at all.
So, I think that’s another resource for parents that they should say early on when
they’re starting, as you said, looking at cookbooks and basics.” (Industry)

“. . .nutrition companies like the companies that manufacture the supplements and the
foods. . .like some blogs or. . .like a new sort of supplement that’s like specifically
meant for when you’re exercising.” (PKU Individual)
“. . .having that knowledge of other athletes who have PKU or even just enthusiasts
that have PKU and I say us as people like learning from them or learning their
experiences can be motivating and for a people that is seeing, you know, a role model
and how they’ve dealt with it and seen the heights that they get to is incredibly
motivating for everyone else to join in, in a similar or personal field. So I think yeah,
just building a community of I say PKU is who have an interest in exercise I think
we’ll also just kind of get the round up a little bit.” (PKU Individual)

KNOWLEDGE AND
MANAGEMENT

• Limited knowledge of PKU with physical
activity, exercise, and sport

• Clinical awareness of PKU
• Public awareness of PKU
• Awareness in the PKU community

(Capability and Opportunity)

Solutions:
“It feels like there’s two different areas for research. One is about the benefits of
physical activity and reduction of sedentary behaviour in people with PKU, the
physical benefits, the mental health benefits. And the second, is the impact of moving
into more elite sporting activity and what changes need to be made around that.”
(PKU Caregiver)
“. . .a resource for trainers, gyms, doctors would be really useful I think.”
(PKU Individual)
“. . .a resource for employers around the barriers that we experience.”
(PKU Individual)
“. . .to ensure that all hospitals and clinics have that knowledge as well, because at the
moment I think just in general PKU care it’s a bit of a jackpot lottery. . .”
(PKU Individual)
“. . .we need a resource place where we can go to and refer to when people need help. I
just think there’s a lot of expectations on dietitians on what we can do, and we try
and do everything, and we try and do everything to support. But sometimes we need
to be able to sign post people . . .” (PKU Clinician)

“. . .just having guidelines on, ok, well here at this level of activity, try these different
things and monitor your blood levels against that like just kind of knowing what to
look for, what to test for like really simple things like if I exercise 40 min a day and I
take one more supplement, what’s that doing to my blood level.” (PKU Individual)
“. . .there might be new products that we can develop to help everyday people do the
exercise that they want to do.” (Industry)
“. . .having the option to have more of a tailored plan from your clinic that being say
you know when you go to appointments and they ask about your diet and just your
life in general, if exercise and diet within exercise was kind of talked about as a
repertoire, I think that should be more normalized.” (PKU Individual)
“I would say maybe an unmet need per se, because if you see that many people
interested in, they have loads of questions, it’s certainly there and it can be explored.”
(PKU Clinician)
“. . .home blood monitoring would be really beneficial, especially if you’re really elite
in your exercise or the field of exercise or just in general training. . .
(PKU Individual)
“I think it should become part of the clinical discussions with your consultant,
dietician, whoever, because research has shown the mental health effects of PKU and
exercise is known to help mental health, so it seemed like a no brainer why wouldn’t
they? I know almost every pretty much every appointment I’ve had since turning 18,
I have had the pregnancy chat every time. And I turned around and said can you just
stop asking. . .They could ask exercise questions instead.” (PKU Individual)
“. . .there’s possibly a missed opportunity in those clinics that do group clinics where
everyone all attends at the same time. . .there could be an educational activity around
exercise.” (Industry)
“I think it is really it is difficult, particularly if they’re at that higher level. . .You
could take a bit of an educated guess or idea, but I think there’s just nothing. . .or
even any evidence-based guidance on the best approach.” (PKU Clinician)
“I think perhaps we need to focus a little bit more on it in clinic, which we perhaps
don’t hugely we do ask about it with anybody PKU or not. But it’s not something
we’d I think sometimes I feel like, gosh, just putting another pressure on them. . .
(PKU Clinician)
“I think it’s also important to talk amongst being like more active amongst the
professionals as well because some of us are maybe more comfortable or have read
more or have an interest because they had more patients. But then it might be that
also, if you’ve got a dietitian or whatever that is not as comfortable and you know
that might in indirectly might put off a bit the patient. . .” (PKU Clinician)
“And I think if we reframed it culturally within the community and doctors and
clinics and all that to be, how do you excel? So how do we, like be the healthiest we
can be. . .thinking about what you said about creatine. . . I think we need to have more
open mindedness. . .and monitor it with your dietitian. . .be in communication with
them, but to expand like what we think of as the limits for the purpose of the diet”
(PKU Individual)
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Table 3. Cont.

Theme Sub-Theme Example Quote

OPPORTUNITIES

• Sports available to engage in
• Cost
• Influence of socioeconomic demographic status

(Opportunity)

Solutions:
“. . .if they’re like if they could be added physical activity events where the children
can take part like in. . .if there’s like regular clubs. . .something that will stay there for
the children to stay physically active.” (PKU Caregiver)
“. . .money is a is a little bit of a barrier, but it’s actually and time is a bit of a barrier,
but for the kids who are deprived, it’s running more holiday weekends.”
(PKU Clinician)
“I don’t see why. . .the NSPKU or some of the companies couldn’t offer grants. . .so
that you can go out and do more physical activity in after school club. . .”
(PKU Clinician)
“Potentially bringing in to say, the NSPKU conference, a session which starts to
include sport, nutrition, whatever for the younger ages, potentially different age
ranges I think that would probably start to have it more on people’s radar.”
(PKU Individual)
“. . .going somewhere like for a retreat or something, just with the adults and even it
would be great to have some sort of dietitian there as well, where it’s like an active
vacay. . .they go away, and they do physical things for like a week and it’s like
training you do yoga, you do swimming and all these kinds of things. And you live
together. . .I think a PKU version of that would be awesome.” (PKU Individual)

1. PHYSICAL EFFECTS OF PKU (Capability)

A solution to participation in PA/E and sport was metabolic control and being able to
use PA/E and sport to stabilise Phe levels, with the reassurance that involvement would
not be detrimental to overall control. Clinicians working in PKU reported this to be of high
significance for patients and a facilitator to engaging in activity. Good metabolic control was
indicated to help overall performance in daily functioning alongside sport performance,
if the latter was of interest. A fundamental part of achieving this is adherence to the
Phe-restricted diet; however, individuals with PKU described experiencing GI discomfort
and feeling sick from special low-protein prescription food and/or protein substitutes. As
a result, improvements in palatability and tolerability of special low-protein prescription
foods and protein substitutes were suggested. Individuals with PKU expressed that once
this has been resolved, it may aid more regular involvement in PA/E and sport.

2. PSYCHOLOGICAL EFFECTS OF PKU (Motivation)

A solution to the psychological barriers was having the correct, tailored support and
evidence so they could confidently participate in PA/E and sport, which was cited as
lacking from all stakeholder groups. Adults with PKU stated how more detailed and
specific information, especially regarding metabolic control, could help those with PKU
feel more confident in participating in PA/E and sport. As a result, this could increase
the chance of reaching out to someone, e.g., a personal trainer (PT), clinician, or sport
coach, with an understanding of PKU, PA/E, and sport. Individuals also expressed how
they want to be able to thrive and peak with PKU and not just manage the condition
to reduce any harm. Clinicians thought that PKU management would influence overall
motivation and that having control over Phe levels would act as a solution to engagement
in PA/E and sport. This holistic approach was voiced to be important to all stakeholders.
A consideration for stable Phe levels and tailored information was the driving force for
increasing motivation and confidence whilst reducing anxiety around participating in PA/E
and sport. Individuals shared a lack of confidence around exercise, which also links to the
limited overall knowledge, awareness, and support in PKU clinics. Increasing accessibility
to participation was seen as a key solution to reduce anxiety in patients from a clinician’s
perspective. Provision of PKU-specific advice and awareness of this in the community,
the potential for exercise prescription, and a safe place to exercise to help reduce anxiety
around involvement in PA/E were all seen as important solutions by all stakeholders.

3. SUPPORT (Opportunity and Motivation)
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A major feature described by all stakeholders was the influence of support in PKU
management. The main message was a sense of community across all ages for support
and guidance with PKU management. Another key solution suggested by all stakeholders
was the visibility of role models who have PKU but also participate in PA/E and sport,
which they suggested use of social media may help with. Individuals reported how useful
it was to see others with PKU undertaking PA/E and sport and that it provided individuals
with a sense of “motivation” with people “sharing their experience starting from scratch”.
Industry and clinicians also supported using social media to improve individuals’ and
caregivers’ overall confidence around PA/E and sport with PKU and more people sharing
this to help promote within the community.

Industry recognised how education plays a fundamental role in PKU support and how
this should be encouraged from an early age. Receiving support from peers, coaches, PTs,
employers, and GPs was also deemed necessary for patients and caregivers, with resources
to help educate others on PKU around PA/E, sport, and nutrition. Clinicians echoed this
need for simple fact sheets to aid clinical conversations like those presented in other chronic
conditions, e.g., diabetes [59]. The knowledge and management of PKU linked closely with
support, and this went hand in hand with overall participation in PA/E and sport.

4. KNOWLEDGE AND MANAGEMENT (Capability and Opportunity)

The fundamental factor underpinning both the barriers and facilitators to engagement
in PA/E, sport, and nutrition overall was the knowledge and management of PKU. This
was echoed from all stakeholders from the vast quantity of responses given regarding the
solutions to participation (please see Table 3). Individuals with PKU expressed how specific
guidelines, advice on the best modes of activity for metabolic control, and nutritional
support, including tailored recommendations, e.g., timing of protein substitutes, would be
helpful solutions. Clinicians proposed the idea of a potential sport protein substitute, and
industry also raised this, suggesting that new products could be made to support PA/E and
sport. Clinicians also expressed how provision of a resource centre providing PKU-specific
information to which they could signpost patients would be another welcomed solution.
Resources for employers, PTs, GPs, clinics, caregivers, and individuals with PKU to educate
those on the knowledge and management of PKU with PA/E, sport, and nutrition was
considered an essential solution stated by all and was closely linked to the support systems
mentioned above. Individuals reported inconsistencies in PKU care, as mentioned in the
above barriers section, and how important education for the clinical metabolic teams was.

Individuals with PKU voiced the importance of having open 1-2-1 consultations/discussion
in clinical appointments and being mindful to dietary changes to support activity, allowing
this topic to be normalized within the community. Individuals wanted to excel with PKU, not
just survive. Clinicians admitted that the lack of discussions with patients presented an unmet
need in the community, but current clinical barriers of restricted time and information need to
be addressed. Industry agreed that there are missed opportunities within clinic appointments
for group sessions around education and engagement in PA/E with PKU. Additionally, all
stakeholders including clinicians voiced how education within the metabolic team would
help provide this tailored information and ultimately support patients. Advancements in
knowledge and a step-by-step guide were also deemed essential to delivering this. For example,
research into exercise with diabetes has led to multiple resources being developed, including
the development of the “Type 1 and Type 2 Diabetes Exercise Action Plan” [59]. This advises
individuals with diabetes on how to manage their condition, with specific guidelines for
commencing exercise and recommendations for both during and after exercise included.

5. OPPORTUNITIES (Opportunity)
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Being able to access more sporting opportunities within local communities, PKU
events, clubs, or activity schools was agreed by all stakeholders to be of key value for
engagement in PA/E and sport across all ages. Clinicians reported how deprivation and
poor financial status are linked to limited opportunities and how more weekends away
for those with PKU would help provide the “opportunity” for engagement in sporting
activities. Individuals and caregivers reported how the recent inclusion of PA/E, sport,
and nutrition in PKU-specific conferences (e.g., NSPKU) and events focused on this, and
these have and would help provide an “opportunity” for engagement and increased
knowledge on how to manage PKU with PA/E and sport. Individuals also suggested
specific PKU educational PA/E-, sport-, and nutrition-based retreats/camps, and industry
also raised how national PKU conferences should have a focus on PA/E. All stakeholders
reported that workshops (both online and in-person) focusing on this topic would help
PA/E, sport, and nutrition with PKU, plus tailored resources to facilitate some of this
discussion. Consequently, something comparable yet specific to PKU requirements may
aid safe participation in PA/E and sport in individuals with PKU. Whilst these proposed
solutions have credit, it should be a priority to provide low-cost opportunities for patients
to reduce the barrier of cost to engage in PA/E and sport.

4. Discussion
This is the first study to explore the barriers, facilitators, and solutions to participation

in PA/E, sport, and nutrition across a range of stakeholder perspectives, including indi-
viduals and caregivers of those with PKU, clinicians, and industry professionals working
in PKU. Five main themes were identified: 1. physical effects of PKU; 2. psychological
effects of PKU; 3. support; 4. knowledge and management; and 5. opportunities. The
primary finding revealed that misalignment was evident between individuals with PKU,
caregivers, clinicians, and industry professionals. Several clinicians and industry repre-
sentatives did not think PA/E or sport would be physically more challenging for those
with PKU compared with the general population. In contrast, individuals with PKU and
their caregivers stated fatigue, poor recovery, low energy, and fear around the impact of
exercise on blood Phe control were barriers to PA/E and sport. Individuals with PKU
expressed how participating in PA/E impacted positively on their mental well-being, daily
functioning, and happiness, improving their self-confidence, PKU management, and long-
term health. The social aspect of PA/E and sport was key to participation together with
knowledge and information to support PKU management. Identified solutions to PA/E
and sport participation were generally education-related, including greater knowledge
regarding the impact of PA/E on metabolic control, improvements in the composition of
special low-protein foods, tailored specific PKU nutritional advice for optimisation of sport
performance, opportunities to safely participate in PA/E and sport, more awareness of
PA/E and sport within and outside the PKU community, specific PKU guidelines for PA/E,
sport, and nutrition, scientific research, and PA/E- and sport-related community events.

1. PHYSICAL EFFECTS OF PKU (Capability)

Many of the barriers described by PKU were fatigue, mental health issues, co-
morbidities, social isolation, and poor quality of life, which have been self-reported by
patients in previous research [27–29]. Additionally, the physiology and psychology of
metabolic control was an apparent barrier. Having high Phe levels caused individuals
with PKU to perceive more fatigue and tiredness and be less likely to be motivated or
energised to engage in PA/E or sport. High Phe levels have been shown to have a direct
negative effect on both mood and neuropsychological performance (specifically sustained
attention) in adults with PKU [60]. Furthermore, fatigue was reported by patients which
was heightened post-exercise, with energy crashes being regularly experienced by those
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after PA/E reducing their “capability” for exercise. This fatigue response has also been
found in previous research into individuals with PKU [19,20] and supported this study’s
findings. Despite the well-known benefits of PA/E and sport on physical and psychological
health in the general population [61], there is a lack of understanding of how PA/E, sport,
and nutrition impacts individuals and athletes with PKU. In this study, the energy drops
reported by individuals with PKU post-exercise could be attributed to potential nutri-
tional deficiencies, specifically in certain vitamins and minerals, which can be apparent
because of compliance and access issues with protein substitutes and the Phe-restricted
diet [62–64]. The composition and access to protein substitutes and special low-protein
prescription foods was a reported barrier for participation in PA/E and sport and could
therefore explain the compliance issues. Individuals with PKU and caregivers expressed
how increased hunger, reduced satiety, and the logistical challenges of timing PA/E and
sport around protein substitutes and mealtimes to prevent any GI issues was a frequent
battle. Improving palatability and tolerability of protein substitutes and special low-protein
prescription foods could therefore aid participation in PA/E and sport. However, poor
compliance to protein substitutes could reduce the intake of essential vitamins and min-
erals which are key components of metabolic enzymes. This could potentially disturb
the activity of vital enzymes of intermediary metabolism, which in turn could negatively
affect the energy levels of individuals with PKU with poor compliance [65]. Furthermore,
another reason for this fatigue reported may be due to an increased oxidative stress and
inflammation response which is often seen post-exercise [66]. High Phe levels and poor
compliance with the Phe-restricted diet have been associated with reduced antioxidant
defences in individuals with PKU [17], which may suggest poor diet compliance may be a
barrier to PA/E and sport [65]. Further research is needed to confirm whether the fatigue
commonly reported, especially post-exercise, is a consequence of energy dysfunction in
PKU, the composition and compliance with the Phe-restricted diet, increased oxidative
stress and inflammation, or something else. Consequently, at present, this is acting as a
barrier to engagement in PA/E and sport for individuals with PKU.

Patients expressed their concerns regarding the physical effects of having PKU and
their long-term health, specifically bone health, body composition, and weight management,
which were a driving force for participation in regular PA/E and sport. Research has shown
that individuals with PKU are potentially at risk of poor bone health [23,33], poor muscle
mass [67], poor BMI status [68], and overweight/obesity [30,69,70]. Individuals with PKU
reported using PA/E and sport to try to offset any potential co-morbidities to sustain
their health as they age. Equally, for those individuals who did experience additional
co-morbidities or health issues, they found PA/E and sport helped manage their symptoms.
As a result, future interventions should look to incorporate regular PA/E and sport into
an individual’s weekly routines to help complement their PKU management and aid their
long-term health. However, without the specific research, particularly on bone health, this
remains a challenge and a “guessing game” for the PKU community.

Furthermore, individuals shared how having stable Phe levels and compliance to
the Phe-restricted diet facilitated participation in PA/E and sport and helped them feel
healthy overall. The added metabolic challenge seemed to “motivate” certain individuals
to overcome this barrier, and it emphasised the importance of building the clinical team
relationships with patients/caregivers to manage PKU and any symptoms, e.g., fatigue
alongside PA/E and sport. Research has shown a significant effect of the patient–clinician re-
lationship, specifically communication skills, improving results of care in adult patients [71].
Ideally, patients and clinicians could co-design a tailored nutritional plan to support PA/E,
sport, and nutrition to optimise their Phe levels whilst carefully managing the fatigue
response, energy levels, and recovery. Yet, for this to be implemented successfully, first, we
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need to consider the current challenges raised from this study. This included the present
lack of clinician knowledge and available resources focused on PA/E, sport, and recovery
with PKU. This may explain why individuals with PKU generally feel unsupported to
engage in PA/E, sport, and optimal nutritional strategies. Based on this evidence, research
and guidance should work on giving individuals with PKU the physical and psychological
“capability” to engage in PA/E and sport [53].

2. PSYCHOLOGICAL EFFECTS OF PKU (Motivation)

Mental well-being was considered a facilitator and source of “motivation” for individ-
uals with PKU in engaging in PA/E and sport. The positive effects of exercise in feeling
better were perceived a major factor for improving daily well-being and motivation for
PA/E and sport. Living with PKU has shown to affect the mental health of individuals
with PKU, with 52% of UK adults with PKU (n = 332) reporting difficulties with depression
or anxiety [27]. This is much higher compared to the general population, such that an
international systematic review including over 140,000 individuals reported the prevalence
of anxiety to be 27%. Based on the findings of [27] and the current study findings, it can be
argued that adults with PKU have a greater number of perceived barriers than non-PKU co-
horts. These findings are despite many adults with PKU reporting how they are “motivated”
to use regular PA/E and sport as an escapism from everyday life, which included PKU
management, regardless of their overall metabolic control. Adults with PKU also reported
how they felt happier in themselves, less anxious, and more confident after PA/E or sport
participation. Consequently, regular PA/E or sport may help to manage both physical and
psychological health, acting as a beneficial tool for PKU management and a “motivating”
factor for participation. Yet, the need for psychological support needs to be readily available
for all regardless of clinic location, as stated in the recent EU guidelines [15]. This could
help individuals have more control over their mental health and well-being, as most UK
PKU clinics have little psychological input. Research has shown many adults with PKU
feel their symptoms or issues are not always taken seriously by clinicians, with only one
in four patients (n = 631) receiving psychological support [27]. However, all stakeholders
reported that more psychological support for individuals with PKU was a much-needed
solution, alongside overall education on PA/E, sport, and nutrition to reduce anxiety and
aid their confidence to engage in PA/E or sport.

3. SUPPORT (Opportunity and Motivation)

A key part of PKU management was the perception of quality care and support
that both individuals and caregivers of those with PKU received. Support came from
a variety of sources including peers, family members, caregivers, sport coaches, PKU
clinicians, or other individuals with PKU. Industry provided a broad approach but were a
limited source of support in regards to PA/E, sport, and nutrition with PKU. Both clinician
and wider population education on the knowledge and management of PKU regarding
PA/E and sport was stated as fundamental to feeling supported, potentially because it
could help alleviate fears of participating in PA/E and sport and maintaining metabolic
control. The ability for individuals with PKU/caregivers to have discussions regarding
PA/E, sport, nutrition, and PKU management with various people, e.g., PTs, peers, and
clinicians, and have tailored information available was strongly linked to the support
they felt. Additionally, the sense of community was apparent to PKU management and
not feeling alone. Solutions were to have PKU role models engaging in PA/E or sport
share their experiences and journey for others to see both in-person and online (e.g., on
social media). This was perceived as a source of “motivation” and inspiration to others
with PKU to engage in various forms of PA/E or sport, but also as an educational aid to
show how they could manage their PKU to support the demands of activity. Social media
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has been found to be effective at making positive changes to physical activity and diet-
related behaviours in the non-PKU young adult population and subsequent participation
in PA/E [72]. However, a lack of PKU role models could be perceived to reduce this impact
and the overall support felt within the PKU community.

Family and peer influence for participation in PA/E, sport, and nutrition was clear
and important for “motivation” in both adults and children. Previous research also echoes
this, as children with parents who are regularly physically active, eat healthily, and are
a healthy weight were more likely to have children who replicated this behaviour [73].
Social deprivation is a large factor which may prevent this within families (both within
and outside PKU households), so regular PA/E or sport may be more difficult due to low
income and time pressures. Consequently, even if PKU caregivers and families want to
engage in healthy behaviours, they may have limited resources available to do so, thus
reducing the “opportunity” for PA/E or sport. This is where clinics and local communities
could help to educate families with low-cost approaches, e.g., home workouts or local free
sports classes/events providing “opportunity” for PA/E and sport [16]. It is worth noting,
however, that these approaches may be less impactful in areas of large deprivation, as
facilities are usually of low quality and opportunities for social PA/E or sport are limited.
Additionally, clinicians and dieticians within the PKU community could act as role models
for healthy behaviours. Research in other areas has shown physically active physicians and
health care providers, including dieticians, were more likely to provide advice on PA/E to
their patients and be seen as powerful role models for PA/E [74]. Individuals with PKU did
not express whether they knew the activity or diet behaviour of their clinicians; however, if
they believed them to be active, this could potentially align as another support system via
role modelling and providing “motivation”.

4. KNOWLEDGE AND MANAGEMENT (Capability and Opportunity)

The overarching theme of knowledge and management underpinned and linked all
the themes together. It was clear that a large gap in the knowledge and management of
PKU in relation to PA/E, sport, and nutrition was the driving force for the inconsistencies
in the support felt, the physical and psychological effects of PA/E, sport, and ultimately
the “capability” and “opportunity” for participation. Having more research specifically
on individuals with PKU would be key to unlocking this type of information. There
is currently very minimal experimental research on PA/E or sport in individuals with
PKU [57], which is likely due to limited funding and reluctant uptake from participants.
All current guidelines also are focussed on general population data for PA/E, sport, and
nutrition [34,35,37], which may deter individuals from undertaking the exercise due to
fear of exacerbated fatigue and energy crashes. In the current study, individuals with PKU
and caregivers reported not feeling confident in managing their PKU around PA/E and
expressed concerns regarding their metabolic control, which is essential for their long-term
health. This is surprising given a nationwide UK-based survey that also showed 86%
of individuals with PKU on a Phe-restricted diet were concerned about their long-term
health [75]. Based on this evidence, there is a clear need to determine the appropriate
PA/E, sport, and nutrition advice for individuals with PKU, which will likely come from
scientific research. Once this is available, educational resources around PA/E, sport, and
nutrition could then be applied in practice, which may be delivered by clinicians, charities,
and/or industry professionals, providing the “capability” for PA/E. Previous research has
shown the success of using co-production in such interventions in non-PKU populations
for increasing PA/E [76,77].

Furthermore, increasing knowledge to provide the “capability” for PA/E, sport, and
nutrition may be one way to help encourage and maintain participation in individuals with
PKU. Regular consultations providing 1-2-1 advice were considered vital for education
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and practical application of knowledge. This would not only help with PKU management,
sporting performance, and recovery but also help to develop a strong, supportive relation-
ship with the patient’s clinical team, which has shown to aid health outcomes [71]. Further
work is needed to discover how this could be implemented, however, as at least from a
UK context, clinical PKU appointments are often short with large gaps of time between
them, i.e., annually or longer [78]. There is also the question of where this advice should
come from, as healthcare services have large demands and reduced scope for increased
roles. However, the adoption of exercise sciences is increasing in UK healthcare, with
specialists in other areas such as obesity and various rehabilitation areas (e.g., stroke and
long COVID) [79]. Outside of healthcare, this may be an area that charities and/or industry
professionals who are working in PKU may consider introducing.

The PKU community has recognised the need for more information and support
around PA/E, sport, and nutrition and expressed how consistent approaches both from
clinical teams across the world and within different areas are necessary. Although there
have been many advancements in protein substitutes [80], a sport-based protein substitute
has not been developed, particularly to help post-exercise fatigue symptoms reported.
Additionally, the potential for a centralised hub of information specific to PKU management
with PA/E, sport, and nutrition adjustments was a popular solution. These innovations
could provide the “capability” and “opportunity” by supporting both individuals and
their families to engage in PA/E through events dedicated to PA/E, sports, and nutrition
with PKU. Consequently, the provision of PA/E opportunities through clinical teams and
national and international PKU organisations would only advance the level of PKU care.

5. OPPORTUNITIES (Opportunity)

Solutions for improved PKU management in relation to PA/E, sport, and nutrition
points towards these factors being more accessible to patients, but also for this to be seen as a
critical part of their clinical care. This can be achieved through education and conversations
on lifestyle factors, such as PA/E, to patients from outside and within clinical care. This
may subsequently alleviate fears of PA/E or sport and as such provide the opportunity
to take part. For example, as briefly mentioned above, education programmes have been
developed especially for clinicians to allow encouragement and safe recommendations for
PA/E to their patients with T2D [81]. Similar resources have been developed for patients
with multiple sclerosis (MS) [82], asthma [83], and chronic obstructive pulmonary disorder
(COPD) [84]. Low-cost options to increase participation would include developing online
webinars and physical resources, in addition to clinicians or fellow members of the PKU
community sharing locally led PA/E activities. Ultimately, the aim would be to provide
more opportunities for regular PA/E and sport participation regardless of individuals’ or
families’ sociodemographic or economic status. Having said this, providing in-person PKU
events and workshops on the topic of PA/E, sport, and nutrition with PKU, with scheduled
time for sporting endeavours, was a welcomed solution by all stakeholders. Suggestions
from participants included weekly/monthly meet-ups to complete PA/E. Greater levels of
knowledge and more focus on PA/E, sport, and nutrition within national and international
conferences was also proposed, e.g., group exercise sessions and PA/E workshops, but
this is constrained by financial costs and availability within conferences. Conversely, only
those with higher incomes or positive parental influence/education would likely access
these types of events, and individuals from lower-income backgrounds would potentially
face financial barriers. A more inclusive solution would be to provide a combination of
the above approaches to allow more opportunities for individuals with PKU to regularly
participate in PA/E or sport.
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Limitations

In the current study, the higher number of females (n = 65) to males (n = 15) makes the
data set more aligned to the female PKU population, despite the condition being autosomal
recessive (i.e., not linked to sex chromosomes). This is likely due to the general pattern
that females tend to participate in qualitative methods research compared to males who
tend to gravitate towards quantitative studies [85], as well as the need for maternal support
in females with PKU [15]. Using a combination of online and in-person focus groups
allowed for greater overseas participation, but also provision of in-person discussions
meant more data was likely shared, i.e., longer comments than typical of online focus
groups [86]. A further limitation of this study is that little information on the individuals
themselves with PKU in terms of their current blood Phe levels, physical and mental health,
or their socioeconomic status was collected. This would have allowed us to provide more
conclusive barriers, facilitators, and solutions for more specific groups of individuals with
PKU.

5. Conclusions
This research highlighted that individuals with PKU and caregivers of those with

PKU experience several barriers to PA/E, sport, and nutrition. Misalignment was evident
between the reported barriers of individuals with PKU and the perspectives of clinicians
and industry. A key finding of this study is that there are additional perceived barriers to
PA/E, sport, and nutrition in individuals with PKU which do not seem to be echoed by
the other stakeholder groups or what would typically be seen in the general population.
Consequently, emphasis on increasing knowledge and understanding on the barriers and
facilitators for PA/E of those with PKU could help collaborate stakeholders to provide
more “opportunity” for participation. This study offers some solutions as to how the
“offer” to individuals with PKU of PA/E, sport, and nutrition from industry, charities, and
healthcare could be improved, although they require to be implemented and tested for
suitability in future research. Based on the present study solutions, increases in knowledge
and understanding are required, followed by further research to explore the responses
to PA/E. This should be followed with research on appropriate nutritional strategies to
support PA/E and sport in PKU.
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