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Abstract

Latin American (LATAM) countries.

n=162].

first step in planning cost-effective interventions.

Background: Phenylketonuria (PKU) is an inborn error of metabolism caused by a deficiency of the enzyme phe-

nylalanine hydroxylase. If untreated, the complications of PKU lead to significant neucognitive and neuropsychiatric
impairments, placing a burden on both the individual’s quality of life and on the healthcare system. We conducted a
systematic literature review to characterize the impact of PKU on affected individuals and on healthcare resources in

Methods: Searches of the global medical literature as well as regional and local medical literature up to September
2021. Observational studies on patients with PKU from any LATAM country. Pairs of reviewers independently screened
eligible articles, extracted data from included studies, and assessed their risk of bias.

Results: 79 unique studies (47 cross-sectional studies, 18 case series, 12 case reports, and two cohort studies) with a
total of 4090 patients were eligible. Of these studies, 20 had data available evaluating early-diagnosed PKU patients
for meta-analysis of burden outcomes. Intellectual disability in the pooled studies was 18% [95% Confidence Inter-
val (Cl) 0.04-0.38; 1>=83.7%, p=0.0133; two studies; n=114]. Motor delay was 15% [95% C| 0.04-0.30; 1°=74.5%,
p=0.0083; four studies; n=132]. Speech deficit was 35% [95% Cl 0.08-0.68; I> =93.9%, p < 0.0001; five studies;

Conclusions: There is currently evidence of high clinical burden in PKU patients in LATAM countries. Recognition that
there are many unmet neuropsychological needs and socioeconomic challenges faced in the LATAM countries is the
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Background

Phenylketonuria (PKU) is an inborn error of metabo-
lism caused by a deficiency of the enzyme phenylala-
nine hydroxylase (PAH) which results in elevated levels
of phenylalanine (Phe) and reduced levels of tyrosine
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[1]. The incidence within Latin American (LATAM)
countries is estimated at 1 in 23,000 live births [2]. PKU
presents a spectrum of severity, and there are several dif-
ferent classifications that have been proposed [2]. Sev-
eral different classification schemes to determine clinical
management have been proposed since PAH deficiency
presents a spectrum of severity [1]. Individuals with clas-
sical PKU have a complete enzyme deficiency resulting
in untreated blood Phe levels>1200 pmol/L (an average
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normal Phe level is approximately 60 umol/L), which is
considered the severe form of this disorder [1].

The treatment for PKU is a lifelong dietary restriction
of protein supplemented by a Phe-free amino acid forti-
fied medical food [1], and ongoing monitoring of blood
Phe levels to maintain a target range of 120—-600 pmol/L
for patients>12 years old, and up to 360 pmol/L for
those <12 years old [3]. If left untreated, the disease can
manifest as significant intellectual impairment, neu-
ropsychiatric disorders, and seizures [4] which place a
burden on the individual’s quality of life, their families,
and on the public and private healthcare systems [4].
Even patients diagnosed and treated at an early age face
significant challenges related to adherence with the Phe-
restricted diet.

Latin America comprises of 20 countries that represent
a great diversity not only in terms of geography but also
demographics, economies, languages, ethnicities, and
health care systems [5]. In a recent review from Borrajo
[6], newborn screening (NBS) programs were distinc-
tively implemented in Latin America. While some pro-
grams date back from the 1980’s, other countries are still
implementing regional NBS programs. Additionally, the
number of diseases covered varies significantly across
programs. Spefically concerning PKU, this genetic dis-
order is included in the NBS program for 14 countries
(Cuba, Costa Rica, Chile, Uruguay, Argentina, Mexico,
Brazil, Guatemala, Paraguay, Panama, Ecuador, Peru,
Bolivia and Honduras) [6] with on average 92.3% of new-
borns in those countries screened for PKU. Regarding the
availability of PKU treatment, half of the Latin America
countries have fully subsidized medical foods by the gov-
ernment though the special low-protein foods are not
available in most of the countries [7].

Evaluating the unmet needs and burden of PKU on
affected individuals is important to determine the impact
on the LATAM public and private healthcare system.
Recognition that there are many challenges that the
patient with PKU faces is the first step in planning for
cost-effective intervention scenarios. We therefore con-
ducted a systematic literature review and meta-analysis
to better characterize the impact of PKU in LATAM
countries on selected patient-important outcomes as well
as at the economic (socioeconomic, healthcare utiliza-
tion) level.

Material and methods

Our review followed recommendations for systematic
reviews and meta-analyses of observational studies in
epidemiology (MOOSE) [8]. This systematic review has
been registered in the PROSPERO (International Pro-
spective Register of Systematic Reviews) database under
the number CRD42020211417.
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Eligibility criteria

We included any epidemiological observational study (ie,
cohort, case-control, nested case-control, cross-sectional
studies, case series, case reports, surveys) on patients
with PKU or phenylalanine hydroxylase deficiency
(PAH), regardless of disease severity, including classi-
cal, moderate, and mild forms of this disorder, from any
LATAM country regardless of whether they reported on
any of the pre-defined patient-important outcomes and/
or economic burden outcomes as defined below. We also
included studies on caregivers of PKU patients.

Studies that only reported disease prevalence or inci-
dence as well as non-human studies and subjective
reports of clinical or observational studies such as letters,
editorials and commentaries were excluded.

Pre-defined patient-important outcomes of interest
included:

+ Neurological, neurocognitive and neuropsychiatric
impairments: intellectual disability, mental disorders,
autism spectrum disorder, motor deficits, speech
deficits and language delay, tremor, Attention Deficit
Hyperactivity Disorder (ADHD) and hyperactivity,
mood, depression, anxiety, phobias, irritability and/
or aggressiveness, frustration, social isolation;

+ Executive function deficit: working memory, sus-
tained attention, inhibitory control, processing speed
impairments, impairment in visuomotor coordina-
tion;

+ Other comorbidities such as overweight, osteopenia,
osteoporosis, skin problems, headaches, fatigue and
sleeping disorder;

+ Quality of life measured by non-validated and vali-
dated questionnaires, as defined by the included
studies; and

+ Patient adherence to clinical recommendations,
including frequency of blood testing (ideally biweekly
to monthly with targeted Phe concentrations of
120-360 pmol/L as recommended by the Ameri-
can College of Medical Genetics and Genomics
(ACMG) guidelines [1] and 120-600 pmol/L for
those > 12 years of age by the European guidelines [9]
and dietary management including a Phe-restricted
diet supplemented by Phe-free amino acid fortified
medical foods as well as the use of sapropterin dihy-
drochloride in patients who are responsive to this
pharmacological treatment.

Symptoms of being late-treated for the disease, such
as seizures, microcephaly, generalized rash, and
peculiar-smelling urine, were not investigated as
patient-important outcomes for the purposes of this
review.

Pre-defined economic outcomes of interest included:



Pessoa et al. Orphanet Journal of Rare Diseases (2022) 17:302

+ Socioeconomic impact (eg, school / education level,
work experience and productivity, marital status,
personal independence, living situation, employ-
ment, social status);

« Impact of PKU on caregiver health-related quality
of life; and

« Impact of PKU on the healthcare system (eg, direct
and/or indirect costs, treatment costs, health care
resource use, cost of comedications, hospitaliza-
tions).

Data source and searches

Using Medical Subject Headings (MeSH) based on the
terms “phenylketonuria” and “phenylalanine” (Addi-
tional file 1: Table 1) we performed the search in the
global medical literature using Medical Literature Anal-
ysis and Retrieval System Online (MEDLINE, via Pub-
Med, from 1946 to September 2021), Excerpta Medica
Database (EMBASE, via Elsevier, from 1974 to Septem-
ber 2021), and Web of Science (to September 2021).

In the regional and local medical literature, both
Spanish and English terms were used to search in
Latin American and Caribbean Health Sciences Lit-
erature (LILACS, 1982 to September 2021), Scientific
Electronic Library Online (SciELO, 1997 to Septem-
ber 2021), SciVerse Scopus via Elsevier (to September
2021), the Spanish Bibliographic Index of the Health
Sciences (IBECS, 1983 to September 2021), National
Bibliography in Health Sciences Argentina (BINACIS,
to September 2021), Caribbean Health Sciences Litera-
ture (MedCarib, to September 2021), National Medi-
cal Sciences Information Center of Cuba (CUMED, to
September 2021), Brazilian Bibliography of Dentistry
(BBO, to September 2021), Health Information Loca-
tor (LIS, to September 2021), Regional Database of
Health Technology Assessment Reports of the Ameri-
cas (BRISA/RedTESA, to September 2021), Nursing
Database (BDENF, to September 2021), Index Psychol-
ogy (IndexPsi, to September 2021), and the WHO Insti-
tutional Repository for Information Sharing (WHO
IRIS, to September 2021). The date the search was con-
ducted was September 24, 2021 and no starting date
restrictions, or language restrictions, were imposed.
The search strategy was adapted for each database
to achieve more specificity and sensitivity. Duplicate
records across databases were removed.

We searched the gray literature including the Brazilian
Digital Library of Theses and Dissertations (BDTD). In
addition, reference lists of relevant primary studies were
hand searched and experts in the field were contacted to
obtain additional unpublished data where feasible.
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Selection of studies

Reviewers independently screened all titles and
abstracts identified by the literature search using
online software Covidence (https://www.covidence.
org), obtained full-text articles of all potentially rele-
vant studies, and evaluated them against the eligibility
criteria. Reviewers resolved disagreement by discus-
sion or, if necessary, with third party adjudication. We
also considered studies reported only as abstracts and
we attempted to contact study authors for additional
information where needed. We recorded the selec-
tion process and documented via a PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) flow diagram (Fig. 1).

Data synthesis and statistical analysis

We performed a systematic review of studies with pooled
analysis of proportions [10, 11], using the method of Stu-
art-Ord (inverse double arcsine square root) with their
respective 95% confidence intervals (CI). Only case series
and cross-sectional studies were considered for quantita-
tive analysis; case reports were excluded. To avoid bias
related to the effect of delayed implementation of dietary
management in late treated patients, only early-diag-
nosed patients (ie, diagnosed within first three months of
life) were included. Studies that did not report whether
the treatment was implemented at an early or late age
were excluded from the meta-analysis as well as those
that did not separate data for the early- or late-diagnosed
patients.

Since we expected that there were both clinical and
methodological differences among the included studies,
a random-effects model [12] was used to perform the
pooled analysis of proportions [10, 11]. The meta-analy-
sis was performed with the StatsDirect software, version
2.8.0. (StatsDirect Ltd, Altrincham, Cheshire, UK).

Results

Study selection

Our initial searches identified 3917 citations (n=23854
from electronic searches; n=63 identified through the
gray literature). After removing duplicates from differ-
ent databases, 3081 potentially relevant articles were fur-
ther assessed using title and abstract review. A total of
202 articles were identified for full text assessment. After
screening the full texts, we included 79 studies with 11
further publications (ie, multiple publications of the same
set of patients) (47 cross-sectional studies, 18 case series,
12 case reports, and two retrospective cohort studies)
with a total of 4090 patients [7, 18-17-106]. The reasons
for exclusion are listed in the PRISMA flow diagram
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Records identified through
database searching
(n =3,854)
ProQuest = 1,449
PubMed = 913
Web of Science = 602
LILACS = 252
Scopus = 330
Scielo = 136
IBECS =51
CUMED = 51
BVS =61
BINACS =17
LIS =10
BRISA =6
BBO =4
BDENF =4
EMBASE = 16
IndexPsico = 3
WHO IRIS =3

Identification

Additional records identified
through other sources
(n=63)

Brazilian Digital Library of

Theses and Dissertations (BDTD) = 10

Catalog of Theses and

Dissertations = 8

Digital Library of Theses and

Dissertations of the University of

Sé&o Paulo =1

Public Domain Portal = 42

Mexico National Institute of
Pediatrics website = 2

v

Records after duplicates removed

(n=3,081)
Y
Records screened Records excluded
(n=3,081) (n=2,879)

A

A

Eligibility Full-text articles assessed Full-text articles excluded
for eligibility » (n=112)
(n=202) n =51 non LATAM
n = 39 Europe
v n =7 North America
n =2 Asia
Studies included in n = 2 Euroasia
narrative description n =1 Africa
(n =79 unique studies n = 33 duplicates
with 11 further publications) n = 22 off topic
n = 4 review

n = 47 cross-sectional studies
n = 18 case series

with 11 further publications
n = 12 case reports
n = 2 cohort studies

n =1 editor letter
n = 1 phenylketonuria and
West syndrome

A

A

Studies included in
the meta-analysis
(n =35)

Fig. 1 PRISMA flow diagram

(Fig. 1). When studies were presented in more than one
publication, all applicable references were included.

Six of the included studies were published only as an
abstract [13—19], ten studies as a thesis [20—29], and the
majority (n=>57) were published as full-text in peer-
reviewed journals [14, 28, 30-74]. Seven further studies
[27, 29, 75-79] were published initially as a thesis fol-
lowed by a full-text publication [34, 43, 80—83]. When
information regarding risk of bias or other aspects
related to study criteria were unavailable in the methods,

we attempted to contact study authors for additional
information.

Study characteristics

Sixty-four of the 79 included studies reported at least one
patient-important outcome at individual or population
level, and they are displayed in Table 1 for study char-
acteristics. Regarding study design, 18 were case series
[22, 23, 33, 34, 40-42, 45, 54, 55, 58, 60, 70, 84-87], 47
cross-sectional studies [6, 7, 13—15, 17-21, 24, 26, 29, 30,
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35-39, 43, 46, 47, 53, 56, 59, 61, 62, 67, 68, 71, 73, 75-77,
79-81, 88-91], 13 case reports [34, 44, 48, 51, 63, 64, 69,
74, 84, 87, 92—-94], and two cohort studies [57, 95].

Forty of the included studies were conducted in Brazil
(14, 19-24, 26, 27, 29, 31, 43, 45, 51, 56, 58, 59, 62, 64, 67,
69-73, 75-78, 80, 81, 83, 84, 86, 88, 91, 94, 97, 98], seven
in Argentina [15, 17, 18, 33-38, 46, 47], five in Chile [39-
42, 89], three each in Colombia [48, 54, 74] and Mexico
[55, 85, 93], two each in Ecuador [44, 92], Venezuela
[60, 63] and Uruguay [32, 90], and one in Cuba [68].
One study [87] was a multicenter conducted in Ecuador,
Bolivia, and Paraguay. The case series and cross-sectional
studies sample size ranged from two [32] to 420 patients
[46, 47]. Patients’ ages ranged from a mean of 3.11 [20] to
19.3 [73] years old (Table 1).

The type of patient-important outcomes most fre-
quently reported among the cross-sectional and case
series studies were neurological, neurocognitive and neu-
ropsychiatric impairments (n =33 studies, 50.8%) [21, 22,
24, 27, 30-33, 38-40, 43, 45, 53-55, 59-61, 67, 68, 77,
78, 81, 83-89, 91, 98], followed by overweight (n=11,
16.9%) [23, 26, 40, 56, 68, 71-73, 76, 80, 89, 97], patient
adherence to clinical recommendations (n=10, 15.4%)
[7, 22, 33, 62, 66, 67, 70, 79, 82, 83, 87], executive func-
tion deficit (n=6, 92.3%) [21, 24, 58—61], socioeconomic
impact (n=7, 10.8%) [7, 29, 30, 54, 59, 68, 83, 86], skin
problems (n=4, 6.2%) [54, 55, 68, 96], osteopenia (n=>5,
7.7%) [17-19, 23, 27, 68, 78], followed by impact of PKU
on caregiver health-related quality of life, quality of life
and sleeping disorders (n=2, 3.1%) [30, 59, 67, 86]. The
majority of the cross-sectional, case series, and case
report studies (83.1%, n=64) reported only on patient-
important outcomes at an individual level (Table 1).

Among the 12 case report studies, the majority (83.3%,
n=10) assessed neurological, neurocognitive and neu-
ropsychiatric impairments [44, 48, 63, 64, 74, 90, 92-94],
executive function deficit [34, 44, 64, 90, 92], skin prob-
lems [43, 48, 63, 64], and patient adherence to clinical
recommendations [23, 25, 61]. Six case report studies
[48, 51, 64, 69, 92, 94] evaluated other outcomes such as
vomiting [48, 64, 94], weight-height deficit [64], abdomi-
nal distention [68], persistent respiratory acidosis [68],
gastroesophageal reflux [94], bronchitis [94], megalo-
blastic anemia [69], and maternal phenylketonuria [51]
(Table 1).

Additional file 2: Table 2 describes the 15 studies
evaluating other patient-important or economic burden
outcomes than those pre-specified for this review; all of
these, except for three studies [15, 46, 47, 49], reported
that patients received a Phe-restricted diet and/or a Phe-
free amino acid fortified medical food. Six studies out of
15 did not report whether patients were receiving treat-
ment [15, 25, 46, 47, 52, 65].
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Additional file 3: Table 3 provides additional details
around the specific pre-specified patient-important or
economic burden outcomes reported among the 12 case
report studies. Five out of the 12 studies reported psy-
chosocial outcomes (ie, severe mental retardation and
autism, irritability, aggressiveness and intellectual dete-
rioration) [44, 48, 64, 74, 90]; four on physical outcomes
(ie, psychomotor retardation) [44, 64, 74, 90]; one study
reported on other outcomes (ie, maternal phenylketonu-
ria) [51]; and two studies reported socioeconomic results
(ie, delay in school performance, poor socialization, and
withdrawal from formal schooling) [64, 74].

Risk of bias assesment

Figure 2 and Additional files 4 and 5: Tables 4 and 5
describe the risk of bias assessment. Overall, the included
studies presented a low risk of bias in the majority of
the domains. In the cross-sectional studies (Fig. 2, panel
A), at least one of the following domains of sample size,
statistical significance, statistics methods, or demo-
graphic data were rated as “high risk of bias” in five stud-
ies (12.8%) [7, 38, 39, 43, 96]. In the case series studies
(Fig. 2, panel B), three domains (ie, clear description of
both patient’s history and post-intervention clinical con-
dition, and description of a takeaway lesson) were rated
as “high risk of bias” in three studies (25.0%) [32, 58, 86].

Meta-analysis results

The results were pooled from case series and cross-sec-
tional studies that reported data only on early-diagnosed
patients to avoid bias related to the effects of delayed
implementation of dietary management in late-diagnosed
patients. Studies that did not provide quantitative data on
outcome of interest in papers were also excluded from
analysis as well as studies that did not report whether the
treatment was implemented at an early or late age. There-
fore, out of 67 included studies [14, 16, 19-29, 31-34,
39-45, 48-50, 52-57, 59-70, 72-86, 88—101], 20 studies
[22, 29, 31, 39-42, 52, 55, 59, 60, 62, 66, 67, 76, 77, 77,
78, 80, 83, 96, 98] qualified for the quantitative analysis
described below. None of the included studies evaluat-
ing early-diagnosed PKU patients reported symptoms
including headache and fatigue, quality of life, or the
impact of PKU on the healthcare system.

Neurological, neurocognitive, and neuropsychiatric
impairments

Attention  deficit hyperactivity disorder (ADHD)
and hyperactivity 'The pooled proportion of ADHD and
hyperactivity was 40% [95% CI 0.21 to 0.61; I*=89.2%,
p<0.0001] from eight studies [29, 31, 39, 53, 59, 60, 78, 83,
98] with a total of 222 patients (Fig. 3A). There was signifi-
cant statistical heterogeneity in the analyses.
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Autism, intellectual disability, irritability and aggres-
siveness A single study [49] evaluated early-diagnosed
PKU patients who were reported to have autism. Out of
78 patients assessed, two were diagnosed with autistic
behaviour.

The pooled proportion of intellectual disability was
18% [95% CI 0.04-0.38; 1*=83.7%, p=0.0133] from
two studies [67, 77, 81] including a total of 114 patients

(Fig. 3B). There was significant statistical heterogeneity in
the analyses.

The pooled proportion of irritability and aggressive-
ness was 44% [95% CI 0.12-0.80; I =96.2%, p < 0.0001]
from five studies [22, 29, 39, 59, 60, 83] with a total of
200 patients (Fig. 3C). There was significant statistical
heterogeneity in the analyses.
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Mental disorders 'The pooled proportion of mental dis-
order was 16% [95% CI 0.01-0.42; I =89.7%, p < 0.0001]
from three studies [29, 39, 42, 83] with a total of 115
patients (Fig. 3 D). A study [42] that reported slight
retardation was also considered in this analysis. There
was significant statistical heterogeneity in the analyses.

Motor delay 'The pooled proportion of motor delay
was 15% [95% CI 0.04—0.30; 1*>=74.5%, p=0.0083]
from four studies [22, 27, 41, 53, 98] with a total of 132
patients (Fig. 3E). There was significant statistical heter-
ogeneity in the analyses. Any report of motor delay such
as low motor development, neuromotor restriction [22],
and deficit for gross motor area [27, 98] was considered.

Speech and language deficits The pooled proportion
of speech and language deficits was 35% [95% CI 0.08—
0.68; 1>=93.9%, p <0.0001] from five studies [22, 27, 39,
53, 60, 98] with a total of 162 patients (Fig. 3F). There
was significant statistical heterogeneity in the analyses.
Additional reports of speech delay included speech defi-
cits such as “only emits a word” [32], alterations in lan-
guage [53], and mild to moderate speech disorder [27,
98] were reported.

Other comorbidities

Obesity and overweight The pooled proportion of obe-
sity was 12% [95% CI 0.09-0.15; I*=0%, p=0.6129] from
three studies [40, 71, 76, 80] with a total of 379 patients
(Fig. 4, panel A). There was no significant statistical het-
erogeneity in the analyses.

The pooled proportion of overweight was 11% [95% CI
0.07-0.16; 1>=47.2%, p=0.1504] from three studies [40,
71, 76, 80] with a total of 379 patients (Fig. 4B). There was
no significant statistical heterogeneity in the analyses.

Osteopenia Only one study [43, 78] evaluating early-
diagnosed PKU patients reported on osteopenia. Out of
31 patients, three were diagnosed with osteopenia.

Skin alterations The pooled proportion of skin alter-
ations was 34% [95% CI 4.9E-3 to 0.85; I>=285.7%,
p=0.0081] from two studies [55, 96] with a total of 40
patients (Fig. 4 C). Both included studies reporting light-
ening of the skin. There was significant statistical hetero-
geneity in the analyses.

Sleeping disorders The pooled proportion of sleep-
ing disorders was 71% [95% CI 0.13-0.99; I*=86.2%,
p=0.007] from two studies [59, 60] with a total of 22
patients (Fig. 4D). There was significant statistical hetero-
geneity in the analyses.
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Patient adherence to clinical recommendations after treat-
ment The pooled proportion of patient adherence to
clinical recommendation was 53% [95% CI 0.38 to 0.67;
12=83.7%, p <0.0001] from five studies [22, 29, 62, 66, 67,
83] with a total of 260 patients (Fig. 4E). There was signifi-
cant statistical heterogeneity in the analyses.

Socioeconomic impact The pooled proportion of socio-
economic impact was 37% [95% CI 0.07-0.75; 12 =88.5%,
p=0.0032] from two studies [29, 59, 83] with a total of
73 patients (Fig. 5). There was significant statistical het-
erogeneity in the analyses. The included studies reported
the following socioeconomic impact: poor school perfor-
mance [18], and special education [29, 83].

Impact of phenylketonuria on caregiver health-related
quality of life  The pooled proportion of impact of PKU
on caregiver health-related quality of life (ie, did not
acquire toilet training [32, 86]) was 42% [95% CI 0.09—
0.80; I?=0%, p=0.7519] from two studies [32, 86] with
a total of five patients. There was no significant statistical
heterogeneity in the analyses.

Descriptive analysis of single studies reporting

the outcomes of interest

Four studies [24, 58, 59, 61] reported executive func-
tion outcomes with 41% being classified as below aver-
age in the assessment of receptive vocabulary using
the Peabody Image Vocabulary Test [59]. Malloy-
Diniz et al. [61] reported that PKU children with high
blood Phe levels (ie, mean Phe levels between 360
and 600 pmol/L) performed significantly worse than
both the PKU children with low blood Phe levels and
the control children on tasks that assess executive
functioning. Morao et al. [24] found that the patients
also showed a loss in the score of the Children Gam-
bling Task. Laménica et al. [58] reported that out of 10
patients, two of them presented outside the normality
standards in the development scales. The skills were
related to performance in motor, linguistic and cogni-
tive activities. Furthermore, Poloni et al. [7] reported
that most LATAM countries did not have low-protein
foods, including Phe-free amino acid fortified, and no
alternative treatments available. Also, they found that
low purchasing power, limited/insufficient availability
of low-protein foods, poor adherence, and lack of tech-
nical resources to manage the diet were major barriers
to treatment. And last, Martins et al. [30] reported that
half of the parents and caregivers who completed the
survey had financial burden related to PKU manage-
ment, some had to stop working to care for the PKU
patient, and others had to hire a caregiver to assist
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Fig. 4 Proportional meta-analysis of other outcomes in early-diagnosed PKU patients. (A) Obesity. (B) Overweight. (C) Skin alterations. (D) Sleeping

disorders. (E) Patient adherence to clinical recommendations

the PKU patient. With regards to patient’s complaints,
irritability was the most reported affected symtom
accounting for 78% of the patients, followed by anxiety
(67%), and lack of concentration (58%). Despite these
findings, 70% of the patients have never undergone a
cognitive and/or executive function assessment, and
limitation on social activities, impact on professional
life, and the effect on self-esteem were also listed as
barriers to receive appropriate assessments.

Discussion
Main findings
PKU is a genetic inborn error in the metabolism of Phe.
The pathogenic variants that cause PKU are present in
high frequency in some LATAM countries such as Brazil
and Chile [102].

Based on pooled data from 21 case series and cross-
sectional studies [19, 22-24, 26, 29, 31-33, 39, 40, 42, 44,
52, 56, 59, 60, 67, 70, 71, 78, 80-82, 84—86, 88, 96-98]
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including 1224 patients, we found evidence demonstrat-
ing the impact of PKU on affected individuals in LATAM,
with pooled proportions of burden ranging from 9% with
osteopenia to 53% with speech and language deficits.
Furthermore, only 53% of patients were adherent to clini-
cal recommendations with 37% of patients experiencing
socioeconomic impact of PKU. These are higher rates as
compared to what we were expecting given that there is
the ability to effectively diagnose and treat PKU.Query

Strengths and limitations

Strengths of our review include a comprehensive search;
assessment of eligibility, risk of bias and data abstraction
independently and in duplicate; and an assessment of
risk of bias that included a sensitivity analysis addressing
homogeneity of study designs.

The primary limitation of our study is the highly het-
erogeneous nature of study samples in all studied clini-
cal burden outcomes, except for the outcomes of obesity
(Fig. 4, Panel A), osteopenia, and impact of PKU on
caregiver health-related quality of life. Sources of this
heterogeneity include both clinical and methodologi-
cal diversities. The studies differed considerably in their
mean age of patient selection, phenotype, modalities of
implementation of the treatment (eg, newborn screening,
access to treatment, lack of knowledgeable caregivers),
and study designs (ie, case series and cross-sectional).

Furthermore, out of the 79 studies that met selection
criteria, we were only able to include data in the meta-
analysis from 21 of them (26.6%). The majority of the
studies provided data on only one pre-specified outcome
of interest, resulting in small sample sizes for many of
the pooled analyses. In addition, there were studies that
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reported on late diagnosis patients and they were not
included in the meta-analysis.

Relation to prior research

One systematic review [103] identified in the litera-
ture corroborates our findings showing that even with
dietary treatment, long-term physical growth (ie, body
weight, height/recumbent length, and body mass index)
are not attained in PKU. Another systematic review
[104] showed that bone mineral density was lower in
PKU patients compared with a control group. With
regards to the latter outcome, four studies [105-109]
reported a prevalence of osteopenia and osteoporosis
ranging from 5 to 14%, which encompass our findings.
Although we did not evaluate anthropometric variables
in our review, we found a reasonable high prevalence of
overweight individuals (11%) and of obesity (12%).

Furthermore, a frequent prevalence of being over-
weight was described in another systematic review
[110] ranging from 7.8 to 32.6% in children and adoles-
cents with PKU, which is also consistent with our find-
ings (23%).

A very high prevalence of ADHD and hyperactiv-
ity (40%) and a moderate rate of intellectual disability
(19%) were found in our review, which is consistent
with others systematic reviews [111, 112] indicating
that they are more common in both children and adults
with PKU, despite being early diagnosed.

One study [113] conducted in the United States (US)
showed that compared to the general population, PKU
was associated with a significantly higher prevalence for
intellectual disability, autism spectrum disorder, Tou-
rette/tic disorders, eating disorders and behavior/con-
duct disorder in adult population. Of note, increased
prevalence of these comorbidities persisted even when
the sample was restricted to younger adults (aged
20-38 years), a subgroup with high probality of being
diagnosed at birth and had the opportunity for continuos
treatment throughout life. In parallel, a German study
[114] not only corroborated that adults PKU patients
suffered with neurospycholigical disease burden, but
also revealed that this population presented additional
comorbidities such as cardiometabolic risk factors.
Also, these authors reported a higher intake of prescrip-
tions for gastrointestinal agents, analgesics, antipyretics,
statins, and antidepressants. Despite the methodologi-
cal differences (both studies evaluated adult populations
from a single country and were based on data retrieved
from their respective healthcare systems), both stud-
ies are in line wth our findings that PKU potentially
increases the neuropsychological comorbidities.
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Conclusions

LATAM PKU patients presented with a high prevalence
of clinical complications, regardless of whether there is
the possibility of residual confounding due to publication
bias and the high heterogeneity in the analysis. Although
it is widely accepted that PKU treatment is needed for
life, the current approach in LATAM is primarily by
using dietary management, which does not seem sulffi-
cient to avoid the disease burden outcomes investigated
in this research. Furthermore, this review showed that
there is a high degree of poor adherence to clinical rec-
ommendations. This study also highlights the need to
address well-conducted burden of illness studies in PKU
patients in LATAM to further elucidate the full spec-
trum of complications seen in this disease, to inform the
healthcare providers taking care of these patients as well
as the public health authorities on the ongoing and sig-
nificant complications of this genetic disorder. [115-118]
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tral register of controlled trials; LILACS: Latin American and Caribbean Health
Sciences Literature; SciELO: Scientific electronic library online; IBECS: Spanish
bibliographic index of the health sciences; BINACIS: National bibliography in
health sciences Argentina; MedCarib: Caribbean health sciences literature;
CUMED: National Medical Sciences Information Center of Cuba; BBO: Brazilian
bibliography of dentistry; ANVISA: National health surveillance agency; BDTD:
Brazilian digital library of theses and dissertations; BMI: Body mass index; JBI:
Joanna Briggs Institute; Cl: Confidence interval; PROSPERO: (International
Prospective Register of Systematic Reviews).
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