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Abstract: This study aimed to describe the current practices in the diagnosis and dietary management

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in 19

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.
This article is an open access artile @ 44-item online survey aimed at health professionals. After a pilot test, the final version was sent to

of phenylketonuria (PKU) in Latin America, as well as the main barriers to treatment. We developed

distributed under the terms and 25 practitioners working with inborn errors of metabolism (IEM) in 14 countries. Our results include
conditions of the Creative Commons 22 centers in 13 countries. Most countries (12/13) screened newborns for PKU. Phenylalanine (Phe)
Attribution (CC BY) license (https://  targets at different ages were very heterogeneous among centers, with greater consistency at the

creativecommons.org/ licenses /by / 0-1 year age group (14/22 sought 120-240 pmol/L) and the lowest at >12 years (10 targets reported).
40/).

Nutrients 2021, 13, 2566. https:/ /doi.org/10.3390/nu13082566 https://www.mdpi.com/journal /nutrients


https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0003-4506-6487
https://orcid.org/0000-0002-6291-0857
https://orcid.org/0000-0003-3123-4523
https://orcid.org/0000-0001-7463-1946
https://orcid.org/0000-0001-8230-4611
https://orcid.org/0000-0002-8572-9073
https://orcid.org/0000-0003-3563-4049
https://orcid.org/0000-0002-8858-8499
https://doi.org/10.3390/nu13082566
https://doi.org/10.3390/nu13082566
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/nu13082566
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu13082566?type=check_update&version=1

Nutrients 2021, 13, 2566

20f 10

Most countries had only unflavored powdered amino acid substitutes (10/13) and did not have
low-protein foods (8/13). Only 3/13 countries had regional databases of the Phe content of foods,
and only 4/22 centers had nutrient analysis software. The perceived obstacles to treatment were: low
purchasing power (62%), limited /insufficient availability of low-protein foods (60%), poor adherence,
and lack of technical resources to manage the diet (50% each). We observed a heterogeneous scenario
in the dietary management of PKU, and most countries experienced a lack of dietary resources for
both patients and health professionals.

Keywords: phenylketonuria; PKU; low-protein diet; newborn screening

1. Introduction

Latin America comprises 20 countries and has an ethnically diverse population of over
650 million people. With a complex political and economic background, these countries
face many challenges in the diagnosis and care of patients with inborn errors of metabolism
(IEM), such as phenylketonuria (PKU, OMIM #261600). The success of early diagnosis
and dietary treatment of PKU has been well described since the 1960s. Since then, and
until the mid-1970s, most developed countries have initiated national newborn screening
(NBS) programs for PKU [1]. In Latin America, the first organized NBS programs were
only started in 1986 in Cuba, followed by Costa Rica (1990), and Chile (1992) [2]. At present,
16 countries have national or regional NBS programs, but only 6 have coverage >90% [3].

Similarly to NBS programs, PKU management faces many challenges in Latin America.
Despite significant health system reforms in the 1980s, inequality and impaired access to
health care remains a major problem in the region [4]. A recent report by the Organization
for Economic Co-operation and Development (OECD) showed that government and com-
pulsory health insurance represented only 54.3% of the current expenditure on health in
Latin America, with 34% of all health spending being paid out-of-pocket. Nearly 8% of the
Latin American population spends more than 10% of their household consumption or in-
come on health care services. Latin American countries also have a much lower availability
of medical technologies and health professionals when compared to other countries [5].

Treatment of PKU inflicts a substantial time and cost burden on patients and their
families [6], and this can be a significant obstacle to encouraging patients to remain on a
restricted diet [7]. Moreover, a trained health care team is needed to manage the extremely
restrictive diet and to educate patients and families, and frequent laboratory tests are
required to guide the treatment. The current situation of PKU diagnosis and management
in Latin America is unknown, since only sparse and country-based reports have been
published [8-12]. Therefore, the aim of this study was to map the current practices in the
diagnosis and dietary management of PKU in Latin America, as well as the main barriers
to treatment perceived by health care providers.

2. Materials and Methods
2.1. Study Design

A questionnaire containing 44 questions on the diagnosis and management of PKU
was developed by a team of experts from Brazil (S.P.,, B.B.S.,1.V.D.S., and L.ER.) and Chile
(M.J.L,ES., G.C., and V.C.). These were experienced metabolic dietitians and geneticists, all
co-authors of this paper. The survey had multiple choice and short answer questions and
was aimed at health care professionals following patients with PKU. Five main issues were
addressed: features and professional training of the health care team, newborn screening,
treatment goals and dietary practices, availability of alternative treatments, and perceived
barriers to treatment.

After the first Portuguese and Spanish versions of the questionnaire were finished,
a pilot study was performed with 6 PKU experts (3 Portuguese and 3 Spanish speakers)
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to identify possible flaws or misinterpretations of the questions. Only minor adaptations
were made, and the final version was then shared on an online platform.

To disseminate the survey, practitioners of IEM were searched for (through public
archives of the Sociedad Latinoamericana de Errores Innatos del Metabolismo y Pesquisa
Neonatal in all Latin American countries, and were found in 14 of them. The coordinator
team designated 1 responsible person in each country to distribute the survey to other
centers nationally. The aim was to distribute the survey to as many centers as possible
in each country. The only exception was Brazil, the largest country with the most PKU
treatment centers (>20); to avoid overrepresentation, we chose 1 center from each region of
the country. The invitation and distribution of the survey was performed by e-mail from
July to November 2020. The final version of the questionnaire is available by request.

2.2. Ethical Aspects

The study was approved by the Research Ethics Committee of Hospital de Clinicas de
Porto Alegre, Brazil (CAAE 36401120.6.0000.5327), and the survey was initiated only after
the participants agreed with the online informed consent form.

3. Results
3.1. Participants

Out of the 14 contacted country representatives, 13 were following patients with PKU,
and all of them agreed to participate in the study. In total, 22 treatment centers were
enrolled from the following countries: Brazil (n = 5), Argentina (n = 4), Colombia (1 = 2),
Venezuela (n = 2), Costa Rica (1 = 1), Chile (n = 1), Mexico (n = 1), Paraguay (n = 1), Peru
(n = 1), Dominican Republic (n = 1), Panama (n = 1), Uruguay (n = 1), and Cuba (n = 1).

The respondents were mostly female (91%), were aged >45 years (61%), and had
worked with PKU for over 10 years (70%). Physicians represented 59% of the respondents,
with the remaining respondents being dietitians. Regarding professional training, 45%
(n =10/22) stated that they had a specialization course in the field, 41% (n = 9/22) had only
short-term courses, and 9% (n = 2) had no formal training. The number of patients with
PKU who were followed up by the professionals varied considerably: 18.2% (n = 4/22)
had <10 patients, 18.2% (n = 4/22) had 10-25 patients, 18.2% (n = 4/22) had 26-50 patients,
13.6% (n = 3/22) had 51-75 patients, and 32% (n = 7/22) had >75 patients.

3.2. Newborn Screening and Phenylalanine (Phe) Monitoring

Regarding NBS, all countries but one (Dominican Republic) had a national NBS pro-
gram, the most recent one being in Colombia (2019). When inquired on the Phe cutoff level
used to start dietary treatment, 13/22 centers (59%) responded >360 umol/L (>6 mg/dL),
5/22 (23%) responded >600 umol/L (>10 mg/dL), 2/22 (9%) responded <360 umol/L
(<6 mg/dL), and 1 (4.5%) responded >480 umol/L (>8 mg/dL). In most centers (19/22),
blood Phe was measured in dried blood spots. The most used method to analyze blood
Phe was the fluorometric assay (12/22), followed by tandem mass spectrometry (5/22).
Figure 1 shows the recommended frequency of Phe and tyrosine (Tyr) monitoring in the
studied centers.
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Figure 1. Frequencies of blood phenylalanine (Phe, a) and tyrosine (Tyr, b) monitoring for each age group as adopted by the
Latin American centers included in the study (n = 22). Numbers within columns represent relative percentages.

3.3. Treatment Targets and Dietary Practices

Figure 2 shows Phe target levels at different ages in the studied centers. Dietary guid-
ance was most frequently performed through the simplified method of high/medium/low
Phe content of foods (10/22), followed by individualized meal plans (8/22), and protein
counting (3/22). A 24 h dietary recall (or similar) was performed at every appointment in
most centers (17/22). Total protein prescriptions are described in Figure 3.

All but two respondents reported that the maintenance of partial breastfeeding was
encouraged in classical PKU patients. Most respondents (80%) said that they instructed
mothers to offer the protein substitute right before breastfeeding to control Phe intake.

Regarding nutritional monitoring, all centers reported weight and height measure-
ments at every appointment, and 19/22 always assessed head circumference. The evalua-
tion of body composition was less frequent; 12/22 (54%) did not assess skinfolds and none
performed bioelectrical impedance analyses on a regular basis. The blood tests that were
performed at least once a year were: a complete blood count (95%), fasting glucose (91%),
total protein (91%), creatinine (91%), urea (77%), lipoproteins and triglycerides (77%), albu-
min (73%), vitamins B12 and D (60%), and ferritin (60%). A complete amino acid profile
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was requested in 10/22 centers (45%), and only 1 center evaluated essential fatty acids on a
regular basis. Bone densitometry was routinely performed in 11/22 centers (50%).

Phe target
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Figure 2. Target Phe levels during treatment in different age groups, as adopted by the studied centers (1 = 22). Phe: phenylalanine.
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Figure 3. Total protein (natural + protein substitute) prescriptions, in different age groups, in the studied centers (n = 22)

Some centers did not fully answer this question; therefore, the sample size varies in different age groups.

3.4. Nutritional Resources

Out of the 13 included countries, 9 reported having national guidelines for PKU
management, and 12/22 (54%) centers had local management protocols. The theoretical
background most commonly used by the respondents was: international guidelines (61%),
scientific papers (56%), and national guidelines (48%). Regarding dietary resources, only
18% of the centers (4/22) reported having an adequate regional database of the Phe content
of foods, and 33% stated that only an incomplete database was available. The remaining
(49%) centers utilized a variety of international databases or considered only the protein
content of foods for guiding the diet. Food recalls were usually calculated manually (48%)
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Limited access to protein substitute

Limited access to low-protein foods

Taste of protein substitute
Lack of laboratory tests

Lack of technical resources™*

Lack of financial resources

or through a customized spreadsheet developed by the center (3%). Only 3/22 centers
reported having specialized nutrition software.

Except for one country, none of the participant countries had the Phe content available
on food labels. Regarding protein substitutes, 11/13 countries had only unflavored pow-
dered amino acid formulas; only 1 country (Argentina) had several options, such as gels
and tablets, available. In 10/13 countries, the protein substitute was fully subsidized by
the government. Specific low-protein foods for PKU were not available in 8/13 countries;
even when these were available, 58% of the centers stated that they were not affordable.
These products were subsidized by the government in only 2/13 countries.

3.5. Alternative Treatments and Challenges

Six countries had no alternative treatments available. Among those that had them,
sapropterin (BH4) was the most frequent (six countries—Argentina, Brazil, Costa Rica,
Dominican Republic and Mexico; approximately 60 patients in total); large neutral amino
acids (LNAA) were available in two countries (Argentina and Peru), and glycomacropep-
tide (GMP) was available in one country (Argentina). Argentina was the only country that
had all three options available, also with the most patients using them (>20 patients on
BH4 and GMP and nearly 10 patients on LNAA).

Participants were asked to provide a score from 0 to 100 on how much they believed
each category had contributed to hampering therapeutic success. Median scores are
depicted in Figure 4. In addition to the aspects shown in Figure 4, other cited barriers to
treatment were: low accessibility due to geographic location, limited access to alternative
treatments, high cost of treatments, and long periods of time for samples to arrive at
the laboratory.

Late diagnosis

Educational level*

Poor adherence

o
-—
o
N
o
W
o
IS
o
]
o
D
o

70

Figure 4. Barriers to treatment most commonly perceived by the respondents (1 = 22). Values represent the median scores

assigned by the respondents. * Educational level of patients and caregivers; ** Technical resources required or desirable to

manage the diet, such as a local database of the Phe content of foods and specialized nutrition software.

4. Discussion

This study reports a broad and unprecedented characterization of the current state
of diagnosis and management of PKU across Latin America. Data on NBS, laboratory
tests, professional training, treatment targets, dietary practices, and resources, among
other aspects, were compiled from 13 different countries and 22 treatment centers. These
countries represent 87% of the Latin American population. Respondents were physicians
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and dietitians, most of whom were experienced in PKU treatments and were following a
variable amount of PKU patients of all ages.

NBS for PKU began mostly after the 1990s in Latin America, nearly 30 years after
the USA and some European countries had initiated their screening programs [1,2]. Nev-
ertheless, most Latin American countries currently have wide-coverage national NBS
programs for PKU and multidisciplinary reference centers for the follow-up of these pa-
tients, as shown in our study. Although the need for NBS and early treatment of PKU
was generally agreed upon, other practices were not. Whereas both American and Euro-
pean guidelines [13,14] recommend that treatment should be started when Phe levels are
>360 umol/L, 35% (n = 8) of the centers in our sample employed different cutoffs, with
most of them (n = 6) using higher levels. Higher cutoffs could miss mild PKU patients and
raise concern due to the detrimental effect of high Phe levels in early life. A meta-analysis
showed that each 100 pmol/L increase in Phe in early life predicted a 1.3- to 3.9-point
decrease in intelligence quotient (IQ) over a Phe range of 394 to 750 umol/L [15]. However,
the exact cutoff at which treatment should begin is still debatable. There is a consensus that
individuals with Phe levels >600 umol/L should be treated, but the evidence regarding
the initiation of treatment with blood Phe concentrations between 360 and 600 umol/L is
inconsistent. Given the risk of neurocognitive consequences, most guidelines recommend
initiating treatment when blood Phe concentrations are >360 umol/L [8,13,14].

The frequency of Phe and Tyr monitoring was highly heterogeneous among centers.
The highest agreement (65%) found was in respect to measuring Phe once a week or more
in infants younger than 1 year of age (Figure 1), which is in line with both American
and European recommendations [13,14,16]. An even greater disagreement was observed
for Tyr measurements, in all age groups. This probably reflects the lower availability of
Tyr analyses in several centers: more than 20% of them rarely or never measured Tyr,
regardless of the patient’s age group or condition. Tyr monitoring is critical in PKU, since
this amino acid cannot be synthetized properly due to the metabolic blockage, and a
decreased availability of Tyr in the brain likely contributes to the cognitive impairment
found in untreated patients [17]. American Genetic Metabolic Dietitians International
(GMDI) guidelines recommend that Tyr measurements be performed as frequently as Phe
measurements [16].

A similar heterogeneity was observed for Phe target values throughout life (Figure 2).
The highest agreement (69%) was for children aged 2-12 years, where the Phe target was
120-360 umol/L; this was in agreement with both international guidelines [13,14]. For
infants younger than 1 year of age, most (61%) centers aimed for Phe levels to be between
120 and 240 umol/L, a goal that differed from the American and European guidelines,
which recommend a Phe target of 120-360 pmol/L [13,14]. Chilean guidelines support the
120-240 pmol/L target at this age, since in this period many factors interfere with the Phe
level, such as growth, teething, infections, and frequent vaccinations [8]. The age group
with the highest heterogeneity was >12 years, with 11 different targets reported. Eight
(35%) centers agreed with the American target (120-360 umol/L), and two (9%) agreed
with the European values (120-600 pmol/L). A trend towards more restrictive targets was
observed in all age groups and in pregnant patients. However, the theoretical basis for
some of the reported targets was not clear; in some cases they were unique and diverged
within the same country, even when national guidelines were available.

Greater consistency was found in dietary practices. The simplified method was the
most frequently used approach to manage dietary intake (in 48% of the centers). The
simplified diet approach has been shown to be easier to follow, encourages healthy food
choices, and can improve the quality of life and adherence of patients with PKU [18,19].
Breastfeeding was encouraged in most centers, reflecting its clear evidence-based benefits
in PKU [20,21]. Regarding nutritional monitoring, basic measurements such as weight,
height, head circumference, and food recalls were performed in most centers at all ap-
pointments, meeting international recommendations [13,14]. Blood tests for nutritional
monitoring were usually performed on a regular basis. It is noteworthy, however, that
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pivotal examinations such as amino acid profiles and bone densitometry were not regularly
performed in most centers (56%). These assessments are required in the follow-up of pa-
tients with PKU who are being treated, since they are at risk of amino acid deficiencies and
osteopenia [13,14,17,22]. A likely explanation for this is that these two technologies are less
available due to their high costs and need for specialized facilities. There are substantial
differences in the availability of technologies across Latin American countries [5]. The total
protein prescriptions showed some heterogeneity among centers (Figure 3). However, the
well-established recommendation that a higher protein intake is necessary for patients with
PKU [23] has been mostly followed.

Nutritional resources to support patients, families, and professionals were scarce. Al-
though most countries had national guidelines, most respondents reached for international
guidelines (61%) as theoretical background. This might be due to outdated or incomplete
local guidelines. While most professionals used Phe intake for managing the diet, most of
them (78%) did not have a suitable regional database of the Phe content of foods and had
to rely on international databases. However, nutrient contents of foods can vary due to
environmental factors, production, and processing, and might differ between countries [24].
Health professionals also face difficulties calculating the diets: only four (17%) centers had
specialized nutrition software.

For patients, unflavored powdered amino acid formulas were the only protein substi-
tute available in most countries. Specific low-protein foods for PKU were unavailable in
61% of the countries. Even when available, they were usually not affordable, since these
were rarely subsidized by the government. Specially designed low-protein products are
important for satiety and diet variety [25], and were also proven valuable in improving
metabolic control and growth in patients with PKU [26]. However, they inflict a significant
financial burden to the PKU diet: in an American study, low-protein foods represented the
highest annual out-of-pocket costs (child = US$1651.00; adult = US$967.00) when compared
to other categories of care [6]. Considering the gross national income per capita in 2019 [27],
this would be equivalent to 20% of the income of a Latin American citizen. The average
expenditure on food of a Brazilian citizen, for instance, is USD 866.00 per year. Therefore,
it is completely unreasonable to expect that Latin American patients with PKU would be
able to afford low-protein foods without subsidy.

Alternative therapies are also a reality for a few in Latin America. BH4 was the most
common therapy, available in 7/13 countries. However, even when approved, this therapy
was only used in a few patients. LNAA and GMP were even rarer, despite several products
being available in Europe and the USA for years [28]. Alternative treatments are highly
relevant in PKU since most patients struggle to follow the restrictive diet and to take the
protein substitute [29,30]. As a consequence of suboptimal metabolic control and restrictive
dietary management, psychiatric illness is common in adult PKU patients. The advent of
new treatments that do not require such a restricted diet might improve metabolic control,
mental health, and cognitive functioning in these patients [31].

Finally, we asked the respondents to score the topics they considered the greatest
barriers to the adequate treatment of PKU in their realities. The answers largely reflected
the major gaps found throughout the study: lack of nutritional resources for patients and
professionals and the high cost of therapies. One of the highest assigned scores was for
“poor adherence”, which may also be an outcome of the difficulties mentioned above.
Another barrier cited by the respondents was low accessibility due to geographic location.
In Latin America, most of the sophisticated technologies that are required for the follow-up
of patients with IEM are geographically concentrated in larger and wealthier urban areas,
contributing to health inequalities in this population [5].

5. Conclusions

In conclusion, here we have reported the first compilation of the status of PKU care
in Latin America. Despite most countries having national NBS programs and guidelines,
we found a highly heterogeneous scenario considering practices across countries and
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even within the same country. The struggles, however, were similar. Most countries
experienced a lack of resources for both patients and health care professionals, which
may be impairing treatment outcomes. Together, these results indicate an urgent need
for a comprehensive Latin American guideline that must be able to integrate the latest
evidence-based recommendations with the challenges and possibilities faced by Latin
American countries.
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