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Abstract: Phenylketonuria (PKU) is an inherited disorder of protein metabolism. It is generally treated using
dietary management with limited intake of phenylalanine (Phe). Partial breastfeeding (BF) is encouraged
among mothers of infants with PKU, together with a Phe-free mixture of synthetic amino acids. We aimed to
describe our current BF rates and complementary feeding practices, as well as examining parental experiences
of infant feeding. The aim was to better understand the challenges faced by families so improvements can be
made to clinical care. A chart review was carried out on 39 PKU patients, examining the BF rate and duration,
use of second stage synthetic protein (SP) and average complementary feeding age. A parental questionnaire
on complementary feeding and BF experience was designed. 26% of babies were partially breastfed at three
months. 70% of mums would like to have breastfed for longer and cited PKU as a reason for stopping. 52%
parents reported challenges during the complementary feeding process including food refusal, protein
calculation and anxiety around maintaining good Phe levels. Suggestions to improve BF continuation and
duration include active promotion of the benefits and suitability, access to lactation consultant and peer
support. The delay in introducing a second stage SP may contribute to long-term bottle use for SP. Improved
patient education, written resources and support is necessary to improve food choices and long term
acceptance of SP.
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1. Introduction

Phenylketonuria (PKU) is an autosomal recessive inherited disorder of phenylalanine
metabolism caused by pathological variants in the phenylalanine hydroxylase (PAH) gene, which
results in a deficiency of phenylalanine hydroxylase (PAH) [1]. This causes an accumulation of
phenylalanine (Phe) in the blood and brain. If left untreated it can lead to a variety of clinical
manifestations, including acquired microcephaly, epilepsy, severe cognitive impairment,
behavioural disorders, and seizures [2].

In Ireland, PKU is diagnosed on the national newborn bloodspot screening programme
(NNBSP) since 1966, between 72 and 120 hours after birth [3]. Treatment should begin as early as
possible, ideally before 10 days of life and generally consists of a lifelong restriction of Phe intake,
supplemented with a low-Phe or Phe-free synthetic amino acid formula [4]. Upon diagnosis, patients
are generally admitted to our hospital for initiation of dietary treatment and parental education.
Frequent blood Phe monitoring is needed to guide dietary treatment, particularly during the first
years of life [4].

Breastfeeding (BF) has been reported to have many benefits including, e.g., reduced risk of infant
mortality, lower rate of obesity, malocclusion, otitis media or asthma, and better intellectual
development with higher intelligence quotients [5]. Benefits to BF mothers may include lower rates
of breast cancer, ovarian cancer, type II diabetes and postpartum depression [5].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Infants with PKU can be partially breastfed, allowing exposure to the benefits of breast milk [4].
Acceptable blood Phe control and growth are possible with its use [6]. However, breastfeeding rates
and duration of feeding in infants with PKU, remain lower than the general population [7]. There is
limited research investigating the maternal experience of BF an infant with PKU.

Complementary feeding is the process of introducing solid or more textured foods into an
infant’s liquid-based diet. This should begin at around six months of age, to ensure acceptance of new
tastes and textures and include a wide variety of foods [8]. This is of particular importance in PKU as
there are many dietary restrictions. A more concentrated SP is usually introduced at 6 months to
ensure adequate total protein intake without affecting appetite for solid food [9].

The aim of our study was to describe the infant feeding and complementary feeding practices
an Irish patient cohort. Our survey also aimed to explore mothers’ of infants with PKU and their
experience of BF. We wanted to determine the factors which affected early BF cessation. We also
aimed to understand the challenges faced by parents, whilst complementary feeding a child with
PKU. This information will be used to improve our service delivery to patients.

2. Materials and Methods

2.1.1. Retrospective chart review

A retrospective review of dietetic patient records was performed at the National Centre for
Inherited Metabolic Disorders (NCIMD) in Children’s Health Ireland (CHI) at Temple Street. The
NCIMD provides metabolic care to all infants diagnosed with PKU in the Republic of Ireland. A
retrospective chart review was carried out on all PKU infants with one complete year of data between
August 2016 and January 2020. Our inclusion criteria were: PKU diagnosis, genetically confirmed,
diagnosed on NNBSP, requiring dietary treatment, consent. Exclusion criteria were: Lack of
genetically confirmed PKU diagnosis or lack of consent.

Data collected included feeding method: at diagnosis, discharge from CHI, 3 months, 6 months
and 12 months of age, duration of BF and BF modalities. We also collected data on gender, age at
diagnosis, Phe level at diagnosis, Phe levels for 3-52 weeks of age, age of complementary feeding and
the timing of introduction of second stage SP. Ethical approval was obtained from the Research Ethics
Committee, CHI at Temple Street.

2.1.2. Parental survey

A parental questionnaire was designed using the platform ‘Survey Monkey’. Parents’ of patients
identified through the chart review, were invited to participate in the survey exploring maternal
experiences of BF infants with PKU, as well as their experience of complementary feeding. Informed
consent was obtained for any parents willing to participate. The survey questionnaire included 61
questions; key question domains included ethnicity, previous experience of BF, impact of diagnosis
of PKU on BF, facilities to BF/express, access to equipment, support/encouragement to restart BF in
hospital, BF support at home, BF difficulties, duration of BF and reasons for stopping.

The second main section focused on the complementary feeding experience encompassing first
foods, exposure to inappropriate complementary feeding foods, use of shop bought versus
homemade prepared foods, information provided on complementary feeding, challenges faced
during the complementary feeding process, main sources of stress during this period, and the use of
bottle or beakers.

The full questionnaire is available as on online supplement. Response options included both
forced choice and open-ended questions. The survey was developed by metabolic dietitians and pilot
testing of the questionnaire was performed with a PKU parent who was not included in this study to
ensure the questions were clear.

2.2. Statistical Analysis

All data was analysed using Microsoft Excel, Version 2013 and GraphPad Prism. All data are
reported as means, medians, SD or numbers (%) unless otherwise indicated. The differences between
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the Phe levels in the BF and non-BF groups were determined by Mann-Whitney U test. Significant
values were considered for p <0.05.

3. Results
3.1. Retrospective chart review

3.1.1. Demographic

Thirty-nine PKU infants (35.9% female, n = 15) were identified as requiring dietary treatment
during the study period. Diet started at a mean age of 8.3 days +/-2.2 days. 97% (n = 38) of mothers
were Irish. 79% (n = 31) of patients had been admitted to hospital for initiation of dietary treatment.
Of the 6 patients not admitted, 3 had siblings with PKU, 2 had blood Phe levels <600pmol/l, indicative
of early diagnosis on NNBSP, and 1 was readmitted with their mother to the maternity hospital due
to post-partum complications.

3.1.2. Feeding method

From our patient cohort, 41% (n = 16) were BF at diagnosis. In our BF patient group, the mean
duration of BF was 30.2 weeks (median 23.5 weeks; range 0.8-97.5 weeks). Partial BF was the sole
source of natural protein intake for a mean duration of 15.4 weeks (median 15.5 weeks; range 0.8-41
weeks). 31% of patients were using breastmilk as a source of natural protein at 4 weeks age, 26% at 3
months age, and 23% at 9 months age.
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Figure 1. Comparison of any breastfeeding in the Irish Phenylketonuria (PKU) cohort with the Irish

general population [10,11,12] and an American PKU study [13].

The traditional method of prescribed amount of Phe-free infant formula followed by breastfeeds
to appetite was advised in 94% of our cohort. One patient followed a method of alternating between
Phe-free infant formula and BF.

We compared the mean Phe results of the BF and non-BF groups. The BF group had marginally
better metabolic control compared to the non-BF group. However the difference between the means
did not reach statistical significance (p = 0.0705).
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Figure 2. Mean phenylalanine concentration (umol/L) of our PKU cohort comparing our non-
breastfeeding group with those who did some breastfeeding post diagnosis (p=0.0705). .

3.1.3. Complementary feeding

The mean age of commencing complementary feeding was 21.2 weeks (median 22 weeks; range
14.5 - 26.5 weeks). One infant was started too early at 14.5 weeks. All patients were offered and
attended an appointment to discuss complementary feeding before commencing. A second stage SP
was introduced at a mean age of 33 weeks. The majority of patients were given a paste style SP as
their first option.

3.2. Parental Survey results

3.2.1. Breastfeeding responses

The response rate to the parental survey was 23/39 (59%). Of the participants, 43% reported
having previous experience with BF their older children. At the time of diagnosis, 65% (n = 15) of
respondents were BF mothers. However, five mothers stopped BF due to their child’s PKU diagnosis.
Feedback provided by the respondents, as shown in Table 1, revealed the reasons why they continued
or discontinued. Reasons cited for discontinuing included wanting to feel in control of the amount of
natural protein being given, while others found combination feeding burdensome. Some mothers
reported feeling stressed due to their inexperience, coupled with the stress of the diagnosis.

Table 1. Parental reports of the effect of a Phenylketonuria diagnosis on breastfeeding continuation.

Benefits of breastfeeding

“I felt at the time that I wanted to give my daughter the best possible start and thought the goodness of
breast milk was better than formula”.

“I had wanted to exclusively breastfeed anyway but when he was diagnosed I wanted prevent illnesses
as much as possible so his Phe level wouldn't increase”.

“Terrifying to think my milk was harming baby but when assured formula would have shown same
results decided to continue, secretly hoping deep down my milk would adapt to babies needs as it’s

said to when they have a cold etc”.

Control/accuracy/precision

“Having to introduce a formula before breastfeeding, took away from breast only feeding. I did
continue for approx.10 weeks, but found, PKU formula, breast and normal formula, very hard work to

manage all”.

Overwhelming
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“My baby was born 5 weeks premature, in SCBU for a week on CPAP, all prior to being diagnosed
with PKU. I found it all overwhelming and decided to formula feed after a couple of weeks of feeding

my baby expressed breast milk”.

Lack of experience

“I was a first time mother, breast feeding can be stressful anyway but I found my baby was extremely
stressed moving between the breast feeding and formula within the one feed. I was also dealing with
my first baby and the worry of the diagnosis. A few years down the road and having breastfed my
second child (without PKU) I think I would be more confident with breastfeeding should I have
another child with PKU, having experience with breastfeeding and also PKU".

The majority of BF respondents 77% (n = 10) reported that hospital facilities were supportive of
BE. However, 23% (n = 3) reported a lack of privacy to express, with one reporting a delay in getting
a BF pump. 85% (n = 11) reported experiencing BF difficulties, including poor supply, breast and
nipple pain, poor attachment, blocked duct, delay in feeding due to premature birth, tongue tie, and
complications with over supply as a result of tandem feeding with Phe-free formula, lack of BF
support in the time between PKU diagnosis and admission to hospital. 69% (n = 9) sought out BF
advice or support. Their main source of support included metabolic dietitians, husband/partner,
midwives, lactation consultant, other mothers who had breastfed their children with PKU and online
support. 89% (n = 8), described this support as either extremely or very helpful with 11% (n = 1)
describing it as somewhat helpful.

% of mothers

B Would like to have
breastfed for longer

M Breastfed for as long as
they intended
Breastfed for longer than
they intended

Figure 3. Maternal feeling regarding the duration of their breastfeeding journey.

PKU related reasons for stopping included PKU diagnosis, poor supply, nipple confusion,
maternal health/stress, quantifying natural protein intake, convenience, and pressure from the
metabolic team.

3.2.1. Complementary feeding responses

The responses to questions on complementary feeding were answered by 91% (21/23). 71% (n =
15) started with puree vegetables as the first food offered. 25% of respondents had exposure to one
or more inappropriate foods including crisps, sweets, biscuits, sugary cereals, ice cream before the
age of 1 year. 95% (n = 20) mostly prepared homemade baby foods and 62% (n = 13) sometimes used
pre-made baby foods. Elements of a baby-led approach to complementary feeding were incorporated
by 90% (n = 19). With regards to complementary feeding information, 95% (n = 20) of respondents
were satisfied with the standard of information provided by the metabolic team. Over half of


https://doi.org/10.20944/preprints202306.2036.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 June 2023 doi:10.20944/preprints202306.2036.v1

respondents (n = 11) reported challenges during the complementary feeding process. Stress during
this period was reported by 81%. The challenges are listed in Table 2. (n=17).

Table 2. Challenges reported by parents during the complementary feeding process.

e Calculating the protein content in food

e Knowing how to count leftover portions

e Juggling spoon feeds and SP

e Fussy eating

e Managing normal baby behaviours like food refusal
e Educating family members/other care-givers

e Wrong foods given

e Preparation of food- always having food with them
e Travel/planning ahead

e Reflux — food reactions/intolerances

e  Worrying about Phe levels going in/out range

62% (n = 13) were still using a bottle for the SP beyond one year old and 43% (n=9) were still
using a bottle for the synthetic protein beyond 18 months. This is despite the majority of parents (62%
n=13) introducing a sippy cup at around six months and advice to wean off the bottle around the age
of 12 months.

4. Discussion

In our chart review we found dietary treatment was started at a mean age of 8.3 days. This aligns
with the recommendation in the European PKU guidelines that treatment should start as soon as
possible, ideally before 10 days of age [4]. Our centre’s standard procedure is to admit new patients
diagnosed on NNBSP for further diagnostic work-up and commencement of treatment with MDT
input, with exceptions made for siblings of known PKU patients. We explored parent’s experiences
of their hospital admission through a parental survey questionnaire in our cohort of PKU patients.
Our findings showed that the PKU population had lower rates of BF compared to the general Irish
population at three months (26% v 35.4%) [10]. However, at 6 months, the PKU group had higher
rates of BF than the general population [11]. It's worth noting that published BF figures in Ireland are
limited, and our figures compared mothers who were partially BF with those who were exclusively
BF at the same age [12].

Our PKU BF duration was also compared with an audit completed in our centre in 2006-2007,
which showed an improvement in mean duration from 15.8 weeks to 30.2 weeks. This improvement
is encouraging for our management of PKU. We cannot influence the BF initiation rates, however our
role is key to supporting continuation of BF beyond the diagnosis of PKU. Our finding would suggest
that additional metabolic multidisciplinary (MDT) support is needed to overcome the stress of
combined feeding and dealing with a new diagnosis. Reassurance and promotion of the benefits of
BE, specifically in PKU, appears to have influenced some mother’s decision to persist with BF.

Our results suggest that metabolic control is as good in BF patients as it is in those who are
formula fed although this finding did not reach statistical significance. A similar outcome is described
in Kose et al where Phe levels in a cohort of 26 infants were found to be better controlled when
compared to the bottle-fed group [14]. These findings are worth highlighting to counter the parental
and medical belief that it is more difficult to control blood Phe levels when BF. Breast milk is the best
source of nutrition for infants, and this is especially important for babies with PKU as breast milk
contains lower levels of Phe than formula [4].
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Complementary feeding amongst our PKU cohort is meeting current guidelines of commencing
between around six months but not earlier than 17 weeks [8]. Only one infant was started too early
at 14.5 weeks, despite all patients being offered a clinic appointment prior to starting complementary
feeding. Transition to a second stage SP should ideally happen upon commencement of
complementary feeding to help reduce fluid volumes and increase appetite for solids [9]. However,
we found that a second stage SP was introduced at a mean age of 33 weeks. The majority of patients
were given a paste style SP as their first option. One of the main reasons for delayed introduction of
a second stage SP is the overwhelming amount of dietary components which parents are trying to
balance during this period.

The parental survey results showed that the majority of respondents experienced BF difficulties
and sought out BF advice or support. Their primary sources of support included lactation consultant,
partners, midwives, other mothers who had breastfed their children with PKU, metabolic dietitians
and online support. Despite the challenges faced, the majority of respondents would like to have
breastfed for longer. In order to enhance our breastfeeding rates, it is essential that we carefully
examine all the reasons provided for discontinuing breastfeeding. This is particularly crucial since
69% of the respondents expressed a desire for a longer breastfeeding duration. We also noted the
impact of the introduction of protein containing foods on continued BF. It is vital to encourage BF
throughout the complementary feeding stage and not to see it as a time to begin weaning from the
breast.

BF rates among mothers whose babies have PKU can be improved through education and
support. Suggestions to improve BF continuation and duration include active promotion of the
benefits and suitability, collective efforts of all MDT members in aiding, and alleviating maternal
concerns, access to lactation consultant and peer support. Connecting mothers with other mothers
who have successfully breastfed their baby with PKU can be a valuable source of support. This can
be done through support groups, online forums, or other types of peer support networks. Our new
national children’s hospital, which is due to open in 2024, will address issues some of our mothers
faced concerning inadequate privacy to express breastmilk. It will provide individual rooms for
patients and their parents. This aligns with one of the objectives of the WHO/UNICEF Baby-Friendly
Initiative [15].

A recurring issue reported by new mothers since our study is the inadequate provision of
feeding information from local maternity hospitals during the period between PKU diagnosis and
admission to the metabolic centre. This lack of information is a significant source of stress for families
and may impact on the mother’s decision to continue BF. Many mothers are unfamiliar with PKU
and its management which highlights the importance of education on the condition. Providing such
education can help mothers feel more empowered and confident in their ability to breastfeed their
baby with PKU.

Healthcare providers play a critical role in supporting mothers who want to breastfeed their
baby with PKU. This includes providing guidance on BF techniques, monitoring the baby's growth
and development, and helping to manage any challenges that arise. We acknowledge the importance
of additional education and training regarding breastfeeding assistance for the entire MDT. While BF
is the ideal choice for babies with PKU, it may not always be possible or practical for some mothers.
Providing information on alternative feeding options, such as expressing breast milk can help ensure
that all babies with PKU receive the proper nutrition they need.

Our survey revealed our parents are establishing healthy eating habits from the early stages,
with 71% of respondents initiating their babies' solid food journey with pureed vegetables.
Furthermore, a very high proportion of respondents prepared homemade meals each day. This is in
contrast to a study among the general population in the United Kingdom which reported, 72% of
seven to nine-month-olds and two thirds (67%) of 10-11-month olds had eaten a commercial baby or
toddler meal for their main meal of the day [16]. This may reflect our dietetic efforts to promote home-
prepared meals as a means to build healthy dietary habits from the earliest stages.

In our experience, building healthy dietary habits early in life and with MDT input is beneficial
for long-term compliance and in light of the complexity of PKU management [17].
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Over half of the respondents in our survey reported challenges during the complementary
feeding process, such as food refusal and difficulty in calculating the protein content of foods. Despite
attending regular appointments to discuss this process, some parents still use inappropriate foods for
their child. Delayed introduction of a second stage SP may contribute to long-term bottle use for SP.
Therefore it is important to improve education and support in making healthy food choices and
address the challenges around long-term acceptance of SP.

Since conducting our study we have made improvements to our complementary feeding
resources, this is despite 95% of respondents being satisfied with the standard of information they
received. Our resources now include troubleshooting advice, practical recipes for integrating protein
exchanges, visual guides and healthy eating guidelines. Previously, the parents may have seen a
different dietitian at each clinic visit. We have changed our practice to assign a lead dietitian to guide
parents through each stage of complementary feeding. This should promote consistency and aid in
the introduction of second stage SP to help reduce long-term reliance on bottles. We recognise the
importance of synthetic protein as a crucial part of PKU treatment and maintaining good metabolic
control. To support parents struggling to get their children to take SP, we collaborate closely with our
MDT particularly our psychologists and nursing staff; our patients also had regular medical reviews.
We understand that this can be a challenging aspect of treatment, and we aim to provide families
with the necessary resources and support to promote successful adherence. We also acknowledge
that PKU is well-studied condition, and that further challenges arise for patients of other inborn
disorders of protein metabolism who may be at risk of acute metabolic crises. However, further
efforts should be made to support partial BF where medically possible.

Our research was the first to examine BF rates among the Irish PKU population. We also
examined the barriers and solutions to preserving BF through the parental survey. This has provided
unique insights into the influence of the messaging around BF at the time of PKU diagnosis. Our
analysis on the stable Phe control in BF group further supports the recommendation of continued BF.
Our complementary feeding section of the parental survey was the first of its kind. It has given us
vital feedback on the daily challenges parents’ face which are unique to PKU. This insight has already
changed our practices and our educational material to lessen the burden of care for parents.

Some limitations of our study include the small patient numbers. Demographic data on the
parent groups in terms of age, education, marital status and employment was not considered. These
may have had an impact on BF duration and continuation. Our survey was not validated but we did
engage a parent who had previously BF to review it prior to its roll-out. We had hoped to do a semi-
structured interview, which may have revealed more specific details about the challenges faced by
parents. However this wasn’t possible due to the impact of the Covid-19 pandemic on staffing and
clinic visits within our service.

5. Conclusions

BF rates are increasing in the Irish cohort of infants diagnosed with PKU. However, barriers to
continuation of BF exist and are more complex in PKU. Our study has provided insight into the
parental experiences of BF and will improve the quality of care needed to support our families. A
multifaceted approach that includes education, support, and flexibility in feeding options is needed.
By working together with healthcare providers, peer support networks, and other resources, mothers
can feel confident in their ability to provide their baby with the best possible start for their infant
feeding. The introduction of complementary feeding is happening at an appropriate time for most of
the Irish cohort of patients diagnosed with PKU. However more education and support is needed to
minimise parental stress and anxiety throughout this journey.
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