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Abstract

Background: Phenylketonuria (PKU) is an inherited metabolic disorder

affecting the conversion of phenylalanine (Phe) to tyrosine. Medical nutrition

therapy, consisting of a Phe-restricted diet with medical formula, is the pri-

mary treatment for PKU. The Simplified Diet is an approach to PKU nutrition

management that allows certain fruits, vegetables, and low-protein foods to be

eaten without measuring or tracking, referred to as free/uncounted foods.

There is no consensus on how to implement this approach in metabolic cen-

ters in the United States (U.S.), and clinical practice varies.

Aim: This study describes the clinical experience of metabolic dietitians in

U.S.-based metabolic centers related to the use and implementation of the

Simplified Diet.

Methods: A survey was developed and sent out to metabolic dietitians to

query current clinical practices related to the Simplified Diet. Descriptive sta-

tistics were used to analyze responses.

Results: Sixty-three dietitians managing ≥5 patients with PKU in U.S.-based

metabolic centers responded to the survey. Ninety-eight percent of survey

respondents reported using some version of the Simplified Diet in clinical prac-

tice. The survey identified areas of strong agreement, including introduction of

the Simplified Diet at 6 to 12 months of age. The survey also identified areas of

widespread variability, including specific Phe or protein thresholds for free/

uncounted foods, and whether or not to set daily quantity limits on these

foods.

Conclusions: Significant variability related to implementation of the Simpli-

fied Diet exists across U.S.-based metabolic centers. This practice variability

may contribute to differences in the patient experience across centers and may

indicate a need for development of clinical guidelines.
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1 | INTRODUCTION

Phenylketonuria (PKU) is a rare inherited metabolic dis-
order with an incidence of about 1 in 10 000 live births.
PKU is caused by pathogenic variants in the phenylala-
nine hydroxylase (PAH) gene, resulting in reduced con-
version of the essential amino acid phenylalanine (Phe)
into tyrosine.1 While several pharmacologic therapies are
available,1,2 medical nutrition therapy (MNT) is the pri-
mary treatment for PKU, and requires restricting dietary
Phe to individual Phe tolerance and supplementing with
Phe-free medical foods to meet total protein needs.3

Untreated PKU results in severe, permanent intellectual
disability. While early treatment can prevent intellectual
disability, individuals with PKU who have suboptimal
metabolic control later in life can experience adverse
neurocognitive outcomes.1

Most individuals with PKU have a dietary protein tol-
erance of less than 10 g/day (~500 mg Phe/day), which
necessitates exclusion of meat, dairy, and high-protein
plant-based foods.4 Traditionally, individuals with PKU
measured and tracked the Phe content of all foods con-
sumed in order not to exceed their prescribed Phe allow-
ance.3 The severe restrictions of the PKU diet, combined
with psychosocial barriers, have resulted in poor dietary
compliance among individuals with PKU.5,6 Identifying
strategies to increase adherence to the PKU diet is a sig-
nificant challenge for both patients and clinicians.

The Simplified Diet is an approach to PKU dietary
management that allows for unrestricted intake of foods
low in Phe, including many fruits, vegetables, and modi-
fied low-protein medical foods; these foods are consid-
ered “free” or “uncounted.”7 While the diet is simplified,
it is not liberalized in terms of increasing the overall
amount of Phe that is allowed; rather, the amount of
“counted” Phe allowed in the diet is decreased to offset
the small amount of Phe in free/uncounted foods. Typi-
cally, an individual's dietary Phe prescription is decreased
by approximately 30% to account for intake of Phe from
free/uncounted foods, and all other foods with higher
protein content continue to be measured and counted
towards the daily Phe goal.7 The Simplified Diet may pro-
mote increased diet flexibility and encourage greater
intake of very low-Phe foods, such as fruits and vegeta-
bles, by removing the patient burden of tracking free/
uncounted foods.8-10 The Simplified Diet has been shown
to maintain comparable metabolic control compared to
patients following a traditional diet where all foods are
counted and measured.7-11

Clinicians' experiences with “free foods” have been
described for European centers12; however, no such data
exists for metabolic centers in the United States. To

address this gap, we report the results of a survey of
dietitians in U.S.-based metabolic centers to describe
current use and implementation of the Simplified Diet
for PKU.

2 | MATERIALS AND METHODS

2.1 | Study design

A survey invitation was sent out to health professionals
through an email listserv widely used by metabolic dieti-
tians (GNO-METAB Listserv, http://genetics.emory.edu/
pnometabolic/). The survey included screening questions
to identify registered dietitians (RDs) currently employed
in a metabolic center in the United States who manage
≥5 patients with PKU. Survey participants who met the
screening criteria completed an electronic consent form
and the Simplified Diet survey. Participant responses
were anonymous. Survey data were collected and man-
aged using REDCap hosted at Oregon Health & Science
University.13,14 REDCap (Research Electronic Data Cap-
ture) is a secure, web-based software platform designed to
support data capture for research studies.

The Simplified Diet survey included 27 questions; key
question domains included clinic information/demo-
graphics, criteria for defining free/uncounted foods, age of
introduction of Simplified Diet, comparison of Simplified
Diet to traditional Phe-counting method, and challenges/
barriers related to Simplified Diet implementation. The
full questionnaire is available in the online supplement.

The survey was developed by metabolic dietitians
with experience using the Simplified Diet in clinical prac-
tice. This study was approved by the OHSU Institutional
Review Board.

2.2 | Statistical analysis

Descriptive statistics were performed using SAS (version
9.4) to summarize survey responses and identify areas of
agreement and disagreement. GraphPad Prism (version
8) was used to generate figures.

SYNOPSIS
Results from a survey of U.S. metabolic dietitians
demonstrate variation in clinical experience
related to use and implementation of the Simpli-
fied Diet for PKU.

84 HANSEN ET AL.

http://genetics.emory.edu/pnometabolic/
http://genetics.emory.edu/pnometabolic/


3 | RESULTS

3.1 | Study participants

Ninety-three individuals opened the survey invitation;
12 individuals did not meet the screening criteria (regis-
tered dietitian practicing in the United States and manag-
ing >5 patients with PKU). An additional 18 individuals
met the screening criteria, but did not complete the con-
sent form or did not answer any of the survey questions.
Sixty-three registered dietitians met the screening criteria
and completed the survey. A precise response rate cannot
be calculated for this survey as the number of practicing
metabolic dietitians in the United States is not known;
however, for comparison, a professional survey sent out
to metabolic dietitians by Genetic Metabolic Dietitians
International (GMDI) had a response from about 150 met-
abolic dietitians in the United States.15 In addition, there
are 141 U.S.-based metabolic clinics identified on the
GMDI website,16 with some clinics employing multiple
dietitians. Therefore, survey responses are estimated to
represent approximately 30% of U.S.-based metabolic die-
titians in clinical practice.

Participants were distributed geographically across the
United States, with representation from the Northeast,
Midwest, South, and West regions, and U.S. Territories.
Seventy-one percent of survey participants (n = 45/63)
reported working in a public hospital or university medical
center, and 54% (n = 34/63) reported working as a meta-
bolic dietitian for ≤5 years. Approximately half of partici-
pants (n = 32/63, 51%) reported seeing between 5 and
99 patients with PKU annually in clinic (Table 1).

3.2 | Simplified Diet use and
phenylalanine/protein thresholds for free/
uncounted foods

Ninety-eight percent of survey respondents (n = 62/63)
reported using some version of the Simplified Diet in
clinical practice. One participant reported not using any
version of the Simplified Diet in clinical practice, and
was excluded from questions specifically asking about
implementation of the Simplified Diet.

Fifty-two percent (n = 32/62) of survey respondents
reported using a Phe threshold of <0.75 mg Phe/g food to
define free/uncounted low-Phe foods in their clinic. About
30% (n = 18/62) of respondents reported using a more
stringent threshold of 0.20 to 0.25 mg Phe/g food, while
13% (n = 8/62) used a moderate threshold of 0.5 mg Phe/g
food to define free/uncounted foods. Two respondents
used a higher threshold of <1 mg Phe/g food; 2 additional
respondents reported “other” (Figure 1).

Survey responses regarding protein thresholds were
more variable; 60% of respondents (n = 37/62) reported
that foods with <0.5 g protein/serving (roughly equiva-
lent to 25 mg Phe/serving) were categorized as free/
uncounted, and 21% (n = 13/62) reported that foods with
<1 g of protein per serving were categorized as free/
uncounted (Figure S1). Most survey respondents allowed
patients to count either grams of protein or mg of Phe for
foods that are counted/tracked (Figure S2).

Fifty-eight percent of respondents (n = 36/63)
reported confusion among patients regarding the term
“free foods” (Figure S3).

3.3 | Quantity limits for free/uncounted
foods

Seventy-one percent of survey respondents (n = 44/62)
reported not restricting quantities of any free/uncounted
food. An additional 27% of participants (n = 17/62)
reported that they set limits on quantity for “some” or
“all” free/uncounted foods (Figure S4). One survey
respondent reported that they did not allow any free/

TABLE 1 Demographic and practice characteristics of survey

respondents (n = 63)

Characteristic n %

Geographic region of the United Statesa

Northeast 12 19

Midwest 17 27

South 19 30

West 13 21

U.S. territories 2 3

Years in practice

0-5 34 54

6-15 16 25

16+ 13 21

Metabolic clinic setting

Public hospital/University medical
center

45 71

Private hospital/Medical facility 7 11

Public hospital/Medical facility 10 16

Other 1 2

Number of PKU patients seen in clinic

5-99 32 51

100-200 24 38

200+ 7 11

aGeographical regions of Northeast, Midwest, South, and West based on U.S.
Census Bureau definitions.
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uncounted foods, which was not in alignment with previ-
ous survey responses but could not be clarified further
due to anonymity of participant responses.

Among participants who stated they restrict quanti-
ties of some or all free/uncounted foods, several men-
tioned obtaining diet records from patients and limiting
quantities of frequently consumed foods. Bananas, dried
fruit, orange juice, and modified low-protein foods were
among those foods most often defined as free/uncounted,
but limited in total quantity per day.

3.4 | Simplified Diet: age of introduction
and patient exclusions

Sixty-eight percent (n = 42/62) of survey respondents
reported they would introduce the Simplified Diet
approach at 6 months, which is when many infants in
the U.S. start solid foods. An additional 26% of partici-
pants (n = 16/62) reported they would introduce the Sim-
plified Diet at the earliest with children ages 12 months
or older. Only 6% (n = 4/62) of survey respondents
reported they would introduce the Simplified Diet at the

earliest with children 5+ years or older, adolescents, or
adults.

Survey respondents were queried whether there were
any groups of patients with PKU for whom a Simplified
Diet approach would not be appropriate; 68% (n = 42/62)
reported that the Simplified Diet is appropriate for use
with all patients. Eight percent of respondents (n = 5/62)
felt that the Simplified Diet was not appropriate for indi-
viduals younger than 12 months, and an additional 11%
(n = 7/62) felt this approach was not appropriate for indi-
viduals with classical PKU (defined in the survey as hav-
ing pretreatment blood Phe concentrations >1200 umol/
L). Finally, 13% (8/62) felt this diet approach was not
appropriate for women with PKU during pregnancy
(maternal PKU).

3.5 | Clinician perceptions of the
Simplified Diet

Seventy-eight percent (n = 49/63) of survey respondents
“agreed” or “strongly agreed” that patients following a
Simplified Diet have decreased stress or anxiety related to

FIGURE 1 Phenylalanine

thresholds for free/uncounted foods
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food and mealtimes, and 79% (n = 50/63) “agreed” or
“strongly agreed” that patients on a Simplified Diet main-
tain similar blood Phe control compared to patients fol-
lowing a diet where all foods are measured/counted
(Figure 2). There was less agreement about whether
those following a Simplified Diet have an increased
intake of fruits and vegetables, or have a greater willing-
ness to try new foods.

3.6 | Implementation of the Simplified
Diet: challenges

Sixty-five percent of survey respondents (n = 41/63)
reported that a patient/caregiver's lack of interest in
switching from a traditional counting approach was a
barrier to implementing the Simplified Diet. Forty-six
percent (n = 29/63) identified lack of educational mate-
rials as a challenge in Simplified Diet implementation.
Other challenges/barriers included lack of consensus for
defining free/uncounted foods (35%, n = 22/63), lack of
published research on the Simplified Diet (22%,
n = 14/63), and lack of acceptance from other medical
team members (14%, n = 9/63).

4 | DISCUSSION

This survey describes the clinical experience of dietitians
in U.S.-based metabolic centers related to use and
implementation of the Simplified Diet for PKU. Almost
all survey respondents reported using some version of
the Simplified Diet for PKU nutrition management,
reflecting widespread clinician interest in this approach.
The survey identified areas of strong agreement, such
as the age of introduction of the Simplified Diet at
6 to 12 months, as well as areas of widespread practice

variability, such as specific Phe or protein thresholds
used to define free/uncounted foods and whether or not
to set daily quantity limits on these foods.

A major point of variation among dietitians was the
precise definition of free/uncounted foods, which are
those foods low in Phe that can be eaten freely without
measuring or tracking. The majority of survey respon-
dents reported using a Phe threshold of <0.75 mg/g food
to define free/uncounted foods; this threshold has been
reported previously,10 and is slightly more liberal than
the common thresholds for free/uncounted foods
reported in European metabolic centers.12 Results from
this survey may reflect the influence of studies published
since 2009 showing that patients maintain good meta-
bolic control on Simplified Diets with higher Phe thresh-
olds for free/uncounted foods.9-11 Almost a third of
respondents used a lower threshold of 20 to 25 mg Phe/g
food, which allows only a small number of fruits, vegeta-
bles, and low-protein medical foods to be eaten without
tracking, and may offer limited advantages to patients
over the traditional approach. There was also significant
variation in dietitians' thresholds for the amount of pro-
tein per serving, typically listed on a standard Nutrition
Facts Label, considered free/uncounted.

Most respondents reported not restricting the quan-
tity of free/uncounted foods, indicating some agreement
that these foods, however defined, should be allowed in
unrestricted amounts. Further research and discussion is
needed to establish a consensus Phe and protein thresh-
old for free/uncounted foods that goes beyond fruits, veg-
etables, and low-protein medical foods to encompass
commercially prepared foods with a Nutrition Facts
Label.

Survey respondents reported significant confusion
among patients regarding the term “free foods,” possibly
related to these differences in clinic guidelines. Further,
patients may not fully appreciate that metabolic dietitians

FIGURE 2 Clinician responses to survey prompt, “PKU Patients following a Simplified Diet…”
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adjust Phe/protein prescriptions to account for a certain
amount of their total Phe from free/uncounted foods.
Although these foods are not counted or tracked by the
patient/caregiver, they are accounted for in the overall diet
prescription. Dietitians may wish to revisit word choice for
foods that do not need to be counted towards the daily
Phe or protein requirement, such as “uncounted” foods or
another term that reflects these foods more accurately
within the Simplified Diet. Standard language and consis-
tent guidelines on free/uncounted foods across metabolic
centers may decrease patient confusion.

While most survey respondents felt the Simplified
Diet was appropriate for all patients starting from 6 to
12 months of age, several participants noted that they
would not use a Simplified Diet approach with patients
whose blood Phe routinely exceeded goal treatment
ranges. While some patients are sensitive to small varia-
tions in Phe intake, the Simplified Diet approach can be
customized to meet the needs of patients with wide
ranges of phenylalanine tolerance by lowering the
amount of “counted” Phe/protein while maintaining a
wide variety of free/uncounted foods. Existing research
suggests that the Simplified Diet maintains equivalent
metabolic control compared to a traditional diet7-11; how-
ever, there is no published data on the degree of meta-
bolic control attained with the Simplified Diet in women
with PKU during pregnancy, or in children younger than
2 years of age.9-11

This study had several limitations. It was a cross-sec-
tional, nonvalidated survey, although the questionnaire
was tested and revised extensively by experienced meta-
bolic dietitians. Multiple survey submissions per clinic
were allowed, so survey findings represent the perspec-
tives of individual dietitians rather than a center-based
approach. The questionnaire was sent out via an email
listserv, and participants were self-selected; it is possible
that dietitians who use the Simplified Diet approach in
clinical practice were more likely to respond to the survey
invitation. This study also had several strengths, includ-
ing geographical representation from dietitians across the
U.S. and U.S. territories and with a range of experience
in metabolic nutrition.

4.1 | Future education and research
needs

Survey respondents identified a need for additional Simpli-
fied Diet educational materials, including patient-oriented
resources in multiple languages on serving sizes, nutrition
labels, and meal planning, as well as online resources for
tracking food intake. One Simplified Diet tracking tool is
already available through HowMuchPhe.org.

Future research is needed to evaluate the patient expe-
rience with the Simplified Diet compared to traditional
counting methods, and to determine how many patients
are utilizing this approach. In addition, the effects of the
Simplified Diet on metabolic control in women with PKU
during pregnancy and in children younger than 2 years of
age are important areas for future study. Finally, develop-
ment of clinical practice guidelines may promote a more
standardized approach towards the Simplified Diet, all-
owing for comparability across centers.

4.2 | Conclusions

This survey aimed to better understand current clinical expe-
rience related to use and implementation of the Simplified
Diet for PKU among dietitians in U.S.-based metabolic
centers. The findings from this survey provide an overview of
the range of current practice, and represent an important first
step towards a more standardized Simplified Diet approach.
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