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Abstract

Objective: To assess some quality of life (QOL) aspects of a low protein diet, using glycoma-
cropeptide (GMP) as a protein substitute in patients with phenylketonuria (PKU).

Methods: This was a multicentre, prospective observational cohort, study. Metabolic control,
nutritional parameters, and dietary adherence were assessed in patients with PKU before (TO0),
and six months after (T6) starting a low protein diet using GMP. Selected items from the PKU-
QOL questionnaire were used to assess patients’ acceptance of their modified diet.

Results: 18 patients from three Italian Centres, completed the study. With the exception of
LDL-cholesterol and vitamin 250H-D concentrations, there were no differences between TO and
Té6 in metabolic or nutritional parameters. Data suggested that patients have a good acceptance
of protein substitutes containing GMP, probably because of their improved palatability.
Conclusions: According to our patients’ responses to items related to dietary regimen, GMP
based protein substitutes do not appear to significantly affect QOL.
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Introduction

Phenylketonuria (PKU) is an autosomal
recessive inborn error of metabolism
caused by defects in the phenylalanine
hydroxylase (PAH) gene.'On average, it
occurs in 1:10,000 live births in Europe,
with a higher rate in some countries such
as Ireland and Turkey, and a low rate in
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Finland. ? Hepatic PAH catalyses the oxi-
dation of phenylalanine (Phe) to tyrosine
(Tyr), and so defects in PAH activity lead
to increased plasma Phe concentrations,
that can lead to detrimental, irreversible
effects on brain health.® Since the early
1960s, neonatal screening test for PKU
has become available worldwide, and pro-
vides an extraordinary tool for the preven-
tion and eradication of this clinical
condition and its related neurodevelopmen-
tal harmful effects. Depending on the spe-
cific genetic variant (more than 1000
variants in the PAH gene have been identi-
fied so far), different degrees of PAH
protein loss of function occur, and so deter-
mine the different biochemical and clinical
phenotypes.* Currently, hyperphenylalani-
nemias (HPAs) are classified according
to treatment needs and include non PKU
HPA (Phe concentration ranging of 120-
360 umol/l on unrestricted diet) and PKU
HPA (Phe concentration >360umol/l on
unrestricted  diet).’European  guidelines
recommend lifelong treatment aimed at
keeping plasma Phe levels within
the target range of 120-360 umol/l until
the age of 12 years and within 120-
600 umol/l for non-pregnant individuals
older than 12 years.” A low Phe diet is the
mainstay of treatment with the aim of
achieving plasma Phe concentrations of
120-360 umol/I for those patients with Phe
levels above 360 umol/l; patients with levels
less than 360pmol/l do not require
treatment.”

Some patients with PKU may respond to
tetrahydrobiopterin (prescribed as saprop-
terin dihydrochloride), an essential cofactor
for PAH, which acts by decreasing plasma
Phe concentrations and may also increase
dietary Phe tolerance. © When available,
casein glycomacropeptide (GMP) or large
neutral amino acids (LNAAs) are also
used for the treatment of PKU. > GMP is
a 64-amino acid peptide extracted from the
whey fraction of bovine milk.” Although

GMP based protein substitute products
are low in Phe, they contain some residual
Phe as a result of the extraction from other
whey proteins.® Nevertheless, GMP has
several advantages over a LNAA diet
including improved palatability’ '" and
fewer side effects.'® 2

In addition to metabolic and nutritional
aspects of the disorder, the burden of a life-
long restricted Phe diet may have significant
detrimental effects on the patients’ quality
of life (QOL) as well as intrafamilial rela-
tionships. '* However, results from a study
in 111 TItalian adult patients with PKU
found that most participants did not per-
ceive that their dietary regimen had a neg-
ative effect on their QOL and many did not
consider PKU as a disease. '

To the best of our knowledge, there is a
lack of data on the possible QOL effects of
low Phe dietary treatment using a GMP
based protein substitute in patients with
PKU. We hypothesised that the introduc-
tion of GMP into the dietary plans of
patients with PKU would be associated
with several effects, among which improved
palatability and a patient’s feeling of great-
er satiety may help ameliorate their percep-
tion of their QOL. Therefore, in this study
we used selected items from the validated
PKU-QOL questionnaire'” that were relat-
ed to dictary aspects and assessed patients’
acceptance of a low protein diet using a
GMP based protein substitute.

Patients and Methods

This was a multicentre, prospective obser-
vational cohort, study conducted from
January to August 2021. Patients were

recruited from three Italian Clinical
Referral Centres (Paediatric and
Neonatology Unit, Guglielmo da Saliceto
Hospital, Piacenza; Metabolic  Unit,
Giannina Gaslini  Children’s Hospital,
Genoa; Rare and Metabolic Diseases

Unit, AORN Santobono-Pausilipon,
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Naples). Inclusion criteria were as follows:
patients aged >9 years with PKU treated
shortly after birth with a low-Phe diet; diag-
nosis of PKU based on unrestricted diet
plasma Phe concentration of >600 umol/l;
acceptance of using GMP as a source of
protein substitute. Patients who were
receiving ongoing treatment with LNAAs
or sapropterin were excluded from the
study. The same GMP derived protein sub-
stitute (Ajinomoto-Cambrooke, Inc., MA,
USA) was used for all patients.

Disease-specific questionnaires (Child
PKU-QOL, 9-11 years; Adolescent PKU-
QOL, 12-17 years; Adult PKU-QOL, > 18
years) were administered to the patients by
a single skilled and trained psychologist
before starting GMP (T0) and six months
later (T6). '> The PKU-QOL questionnaire
includes items (child, adolescent, and adult
contain 40, 58 and 65 items, respectively),
subdivided into four modules that target
the most important areas of discase manage-
ment (i.e., PKU symptoms; PK U in general;
administration of Phe-free protein supple-
ments; dietary protein restriction). '°> For
this study, we concentrated our analysis on
five items included in the ‘administration of
Phe-free protein supplements’ module.

At each outpatient visit, body weight,
height and BMI (kg/m?) were recorded. In
addition, patients were asked to document
their food on the previous three days. From
the three-day food record the following
daily intakes were calculated: natural pro-
tein (g/kg/day); protein equivalent from
protein substitute (g/kg/day); % GMP of
total protein substitute intake; Phe intake
(mg/day) from natural foods and GMP.
The daily amount of Phe intake was
assessed according to the average Phe
tolerance.

At each clinic visit, the following param-
eters were assessed: fasting Phe and Tyr
concentrations measured from dried blood
spots using tandem mass spectrometry;
fasting plasma uric acid; glucose; creatinine;

urea; total cholesterol; high density lipopro-
tein (HDL) cholesterol, low density
lipoprotein (LDL) cholesterol; triglycerides;
iron;  transferrin;  ferritin;  albumin;
calcium; phosphorus; vitamin B12; vitamin
250H-D; folic acid; white blood cells
(WBC); red blood cells (RBC); haemoglobin.
The reporting of this study conforms to
STROBE guidelines.'®All participants or
their parents/guardians provided written
informed consent. Patient data were de-
identified prior to analysis and so Ethics
Committee approval was not required.

Statistical analyses

The Shapiro-Wilks test was used to deter-
mine if variables were normally distributed.
Student t-test was used to compare normally
distributed continuous variables and
Wilcoxon signed-rank test was used for
non-normally distributed variables. The
Wilcoxon signed-rank test was used for the
comparison of responses at TO and T6 to
PKU-QOL items. A P-value <0.05 was con-
sidered to indicate statistical significance.

Results

Of 21 selected patients with PKU, 18 patients
were included in this study (Table 1). Of
these, five were aged 9-11 years, four were
12-17 years and nine were > 18 years.
Of the mean amount of daily protein
substitutes prescribed (i.e., 42.6 g/day; range
25-60 g/day), the mean percentage of GMP
derived protein substitute was 70% (range:
20-100%), and the overall mean Phe intake
was 404 mg/day (range: 220-536 mg/day).
There were no significant differences
between TO (study entry) and T6 (six
months of dietary GMP) in plasma Phe or
Tyr concentrations (Table 2). With the
exception of LDL-cholesterol and vitamin
250H-D concentrations, there were no
other differences between TO and T6 in met-
abolic or nutritional parameters (Table 2).
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Table I. Characteristics of the study population (n = [8) at study start (TO).

Age years Patients n Sex, Male/Female Weight kg Height cm BMI kg/m?
9-11 5 2/3 42.2+10.0 1374+74 22.1+29
12-17 4 2/2 57.6+14.0 1578+ 11.2 229438
>18 9 2/7 662+ 16.2 160.0 8.7 255+3.9

Values are shown as n, or mean 4 SD.
BMI, body mass index.

Table 2. Haemato-biochemical profile of patients (n = 8) evaluated at study start (T0) and after six

months on GMP-based protein substitute (T6).

Parameter TO Té6 Statistical significance
Phenylalanine, pmol/l 579.9 £262.4 5689 +311.7 ns
Tyrosine, pmol/l 409+ 10.7 4]1. 9+ 13.1 ns
RBC, x10%/pl 48+0.5 47+05 ns
Haemoglobin, g/dI 139+ 1.5 13.7+1.2 ns
WBC, x10%/pl 64+ 1.1 6.1 15 ns
Serum iron, pg/dl 85.1 +23.3 95.2+25.0 ns
Transferrin, mg/dI 296.0 +34.7 272.7 +25.0 ns
Ferritin, ng/ml 62.1+51.8 729 +56.4 ns
Albumin, g/d| 44403 45+03 ns
Glucose, mg/dl 91.2+54 89.6 +6.0 ns
Uric acid, mg/dI 42+ 1.5 47 +1.5 ns
Total cholesterol, mg/dl 157.3+25.2 143.5+245 ns
HDL-cholesterol, mg/dl 57.0+16.9 5324152 ns
LDL-cholesterol, mg/dl 101.8+26.3 73.9+26.7 P=0.009
Triglycerides, mg/dl 83.8+£27.6 94.1 £44.5 ns
Urea, mg/dI 18.1 6.3 17.1 =54 ns
Creatinine, mg/dl 0.7+0.2 0.7+0.2 ns
Calcium, mg/dl 9.6+04 9.7+04 ns
Phosphorus, mg/dl 39+08 42+ 1.1 ns
Vitamin 250H-D, ng/ml 29.8+73 404+9.8 P=10.004
Vitamin B12, ng/ml 477.4£300.2 507.2+255.9 ns
Folic acid, ng/ml 16.31+-4.6 15.34+6.9 ns

Values are shown as mean 4 SD.

GMP, glycomacropeptide; HDL, high density lipoprotein; LDL, low density lipoprotein; ns, not statistically significant; RBC,

red blood cells; WBC, white blood cells.

LDL-cholesterol levels were significantly
higher (P=0.009) and vitamin 250H-D
levels significantly lower (P=0.004) at TO
compared with T6.

Of 18 patients included in the study, 14
provided responses to the five items chosen
from the ‘administration of Phe-free protein
supplements’ module. The five items and

their responses at TO and T6 are shown in
Figures 1-5 and are summarised below:

(1) “During the last 7 days, how hard was it
to take protein substitutes?”

For, ‘not at all or a little,” TO: 57% (8/
14); T6: 79% (11/14) (Figure 1).
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Figure I: Patients (n= 14) responses to the question “During the last 7 days, how hard was it to take
protein substitutes?”

t0 = study start; té, six months after receiving daily a glycomacropeptide GMP) based protein diet. Number
of patients are shown on y axis.
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Figure 2: Patients (n = |4) responses to the question “During the last 7 days, the taste of protein sub-
stitutes has been...”

t0 = study start; té, six months after receiving daily a glycomacropeptide GMP) based protein diet. Number
of patients are shown on y axis.
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Figure 3: Patients (n = 14) responses to the question “‘During the last 7 days, | felt unease/embarrassed when
taking protein substitutes in the presence of other people.”

t0 = study start; té, six months after receiving daily a glycomacropeptide GMP) based protein diet. Number
of patients are shown on y axis.
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Figure 4: Patients (n = |4) responses to the question “During the last 7 days, was it hard to eat out, due to
protein substitutes?”

t0 = study start; t6, six months after receiving daily a glycomacropeptide GMP) based protein diet. Number
of patients are shown on y axis.
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Figure 5: Patients (n = 14) responses to the question *| feel guilty when | do not take protein substitutes”
t0 = study start; t6, six months after receiving daily a glycomacropeptide GMP) based protein diet. Number

of patients are shown on y axis.

(2) During the last 7 days, the taste of pro-
tein substitutes has been . ..”

For ‘good or excellent,” TO: 36% (5/14);
T6: 50% (7/14). For ‘bad or very bad,” TO:
36% (5/14); T6: 7% (1/14) (Figure 2).

(3) During the last 7 days, I felt unease/
embarrassed when taking protein substi-
tutes in the presence of other people”

AtTO, 64% (9/14) and at T6, 79% (11/14)
recorded ‘never or almost never’ (Figure 3).

(4) During the last 7 days, was it hard to eat
out, due to protein substitutes?”

For ‘never or almost never,” TO: 86%
(12/14); T6: 86% (12/14). For ‘always,’
TO: 7% (1/14). (Figure 4).

(5) 1 feel guilty when I do not take protein
substitutes?”

For ‘not at all or a little,” TO: 21% (3/14);
T6: 7% (1/14). For ‘quite or very,” T0: 64%
(9/14); T6: 86% (12/14) (Figure 5).

As shown by the responses to the ques-
tions, the data suggest that patients have a
good acceptance of protein substitutes con-
taining GMP, probably because of their
improved palatability. A trend towards a
high awareness of the consequences of
high plasma Phe appeared to be evident as
well as a good adherence to the clinical and
metabolic follow-up, especially in the ado-
lescent and adult patients (data not shown).

Discussion

For this study, we enrolled PKU patients
with insufficient metabolic control who
had not previously received GMP. Six
months after the introduction of GMP, we
observed no significant modification of
mean plasma Phe, suggesting that the Phe
content of GMP derived products did not
have a detrimental effect on the patients’
metabolic control. As for nutritional
parameters, with the exception of vitamin
250H-D and LDL-cholesterol, there were
no significant changes after six months of
GMP treatment. The significantly higher
T6  concentration vitamin 250H-D
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compared with TO, may have been due to a
post-summer evaluation, with the obvious
beneficial effect of the high exposure to sun-
light over the summer months. However, it
may have also been due to a high vitamin D
intake from GMP derived protein substitutes
compared with other amino acid mixtures.
The significantly low T6 LDL-cholesterol
levels may have been due to the reported
beneficial effect of GMP on total and LDL-
cholesterol.'”  Although not significant,
a slight increase was noted in calcium and
phosphorus concentrations at T6, which
may reflect a potential beneficial effect of
GMP on bone metabolism as well as a
consequence of better mineral utilization
due to the high vitamin D concentrations.
Interestingly, improvements in  bone
health and body composition following
treatment with GMP have been demonstrat-
ed in mice."®

We hypothesised that the introduction of
a GMP based protein substitute in the die-
tary plans of PKU patients would be asso-
ciated with positive effects on the patients’
perception of their QOL. We selected five
items from the ‘administration of Phe-free
protein supplements’ module of the validat-
ed PKU-QOL questionnaire and assessed
patients’ acceptance of their modified diet.
We observed a trend towards a good accep-
tance and liking of the GMP based protein
substitute and some psycho-emotional ben-
efits. Interestingly, our findings are in con-
trast with those from a previous study in
Italian adult patients with PKU that
found the patients’ dictary regimen did
not significantly impact their QOL. '

The study had several limitations. For
example, our results were based on a small
sample of patients, using items from one
module of the PKU-QOL questionnaire,
recorded over a limited time interval (i.e.,
six months). In addition, there was no
control group and so bias may have been
introduced as the patients realised that
they were being monitored for acceptance

of the GMP based protein substitute.
However, we believe a major strength of
our study was that a single trained and
skilled psychologist administered the ques-
tionnaire and interpreted the responses.
Furthermore, the multicentre design of
our study allowed us to include patients
from the north and south of Italy so mini-
mising possible biases linked to regional
habits and/or lifestyle.

To the best of our knowledge, this is the
first study aimed at specifically focusing on
PKU patients” acceptance of a GMP based
protein diet. According to our patients’
responses to items related to dietary regi-
men, GMP based protein substitutes do
not appear to significantly affect QOL.
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