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Abstract

Background: Phenylketonuria (PKU), which is characterized by a deficiency of phenylalanine hydroxylase activity, is
an autosomal recessive disorder of phenylalanine (Phe) metabolism. Newborn screening is the main population-
based public health screening program that allows successful identification and treatment of PKU with low-Phe
diet. The aim of this study was to evaluate the epidemiology of PKU screening in Iranian newborns.

Methods: The present study was designed based on MOOSE protocol and reporting was done in accordance with
the PRISMA guidelines. The protocol of this systematic review was published in PROSPERO before it was performed
(CRD42020162626). A comprehensive search was done in 10/10/2019 to find related literature on international
online databases Web of Science, Scopus, EMBASE, Science Direct, PubMed/Medline, EBSCO, CINAHL, Cochrane
Library, national online databases and the Google Scholar search engine. Heterogeneity among studies was
assessed by 1> index and Q test. All meta-analyses were performed using Comprehensive Meta-Analysis Software
ver. 2. P<0.05 was considered significant.

Result: Finally, 18 studies with 3,339,327 Iranian neonates were included. The prevalence of suspected
hyperphenylalaninemia (HPA) was estimated to be 45.6/100,000 (95% Cl: 23.9-87.1). The prevalence of suspected
HPA in girls and boys infants in Iran was estimated to be 38.0/100,000 (95% Cl: 15.1-95.5) and 43.3/100,000 (95% Cl:
16.2-116.2), respectively. The prevalence of PKU was estimated to be 16.5/100,000 (95% Cl: 12.9-21.2). The
prevalence of PKU in girls and boys infants was estimated to be 13.3/100,000 (95% Cl: 7.5-15.8) and 10.9/100,000
(95% CI: 7.5-15.8), respectively. The prevalence of mild to moderate HPA was estimated 9.7/100,000 (95% Cl: 5.1
18.4) and the prevalence of classical PKU was estimated 4.4/100,000 (95% Cl: 2.5-7.8). Sensitivity analysis for all
meta-analysis with the omission of one study showed that overall estimation is still robust.

Conclusion: The results of this meta-analysis showed that PKU is prevalent in Iranian neonates. It should be
considered that for PKU there is a highly effective dietary treatment which can prevent the clinical symptoms of
PKU if initiated early after detection by newborn screening.

Keywords: Phenylketonuria, Iran, Newborn, Meta-analysis

* Correspondence: milad98azami@gmail.com
°School of Medicine, llam University of Medical Sciences, llam, Iran
Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-020-02230-6&domain=pdf
https://orcid.org/0000-0002-4509-5520
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:milad98azami@gmail.com

Shokri et al. BMC Pediatrics (2020) 20:352

Background

Phenylketonuria (PKU), which is characterized by a defi-
ciency of phenylalanine hydroxylase (PAH) activity, is an
autosomal recessive disorder of phenylalanine (Phe) me-
tabolism [1]. If left untreated, high blood Phe concentra-
tions pass through the blood brain barrier and cause
harmful effects on the growth and function of brain [2].

The main treatment for PKU is low Phe diet. It is rec-
ommended that treatment be started as soon as possible
and continue throughout life. Although a restricted diet
is beneficial for PKU patients, long-term adherence to
diet is a difficult challenge, especially for teenagers and
those preparing for pregnancy [3].

If urine tyrosine and tetrahydrobiopterin levels are
normal and Phe levels are above 20 mg/dl, between 10
and 20 mg/dl, and between 2 and 10 mg/dl, newborns
are diagnosed with severe or classical PKU, mild PKU
and hyperphenylalaninemia (HPA), respectively [4].

Nowadays, clinical manifestations of classical PKU are
rarely reported in developed countries, where newborn
screening (NBS) is common. NBS is the main
population-based public health screening program that
allows successful identification and treatment of PKU
with low-Phe diet. Early dietary treatment leads to nor-
mal results for patients with this disorder [5]. The first
NBS program appeared in the United States in the early
1960s [6] and then spread to most developed countries
[7]. PKU can be easily detected in heel prick test 24 h
after birth using novel diagnostic methods [8]. There are
various methods for detecting PKU in dried blood
spot (DBS) sampling, such as fluorometric and colori-
metric methods [9], enzymatic method [10, 11], high-
performance liquid chromatographic (HPLC) [10], and
new methods such as Tandem Mass Spectrometry
[12, 13].

Numerous studies have shown that the prevalence of
PKU is inconsistent in different Iranian studies and is
still a challenging issue [14-31]. Meta-analysis is a statis-
tical method for combining the data of multiple studies
with the same goal. When the effect size is consistent
between studies, meta-analysis can be used to identify
this common effect. Finally, meta-analysis results can
provide a more accurate estimate of the impact of treat-
ment or risk factors for disease or other outcomes by
combining individual studies [32-34]. The aim of this
study was to evaluate the epidemiology of PKU screen-
ing in Iranian newborns.

Method

Study protocol

The present study was designed based on Meta-analyses
Of Observational Studies in Epidemiology (MOQOSE)
protocol [35] and reporting was done in accordance with
the Preferred Reporting Items for Systematic Reviews
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and Meta-analysis (PRISMA) guidelines [34]. Given the
type of study, the approval of the Ethics Committee was
not required. All study phases were performed inde-
pendently by two authors. In cases where there were dis-
agreements, they were resolved through group
discussion. The protocol of this systematic review was
published in PROSPERO before it was performed
(CRD42020162626). Available from: https://www.crd.
york.ac.uk/prospero/display_record.php?RecordID=
162626.

Search strategy

A comprehensive search was done in 10/10/2019 to find
related literature on international online databases Web
of Science, Scopus, EMBASE, Science Direct, PubMed/
Medline, EBSCO, CINAHL, Cochrane Library (Cochrane
Database of Systematic Reviews - CDSR), and national
online databases Barakat Knowledge Network System
(http://health.barakatkns.com), Magiran (http://www.
magiran.com/), Regional Information Center for Science
and Technology (RICST) (http://en.ricest.ac.ir/), Scien-
tific Information Database (SID) (http://www.sid.ir/),
Civilica (https://www.civilica.com/), Iranian Research In-
stitute for Information Science and Technology (IranDoc
((https://irandoc.ac.ir), Iranian National Library (http://
www.nlai.ir/) and the Google Scholar search engine. The
search was carried out without limitation in time and
language. Keywords were: “Metabolism, Inborn Errors”
[Mesh], “Metabolic Diseases” [Mesh], “Amino Acid Me-
tabolism, Inborn Errors” [Mesh], “Phenylketonurias”
[Mesh] and “Iran” [Mesh].

The keywords were combined using boolean operator
“AND” and “OR”. An example of a combined search in
the Pubmed database was as follows: ((((“Metabolism,
Inborn Errors” [Mesh]) OR “Metabolic Diseases”
[Mesh]) OR “Amino Acid Metabolism, Inborn Errors”
[Mesh]) OR “Phenylketonurias” [Mesh]) AND “Iran”
[Mesh].

Search keywords were regulated based on minor speci-
fications and differences in the syntax rules of each data-
base. Reference lists of all retrieved articles were
manually reviewed to identify all potential studies.

Inclusion and exclusion criteria

PICO (Patient, Population, or Problem; Intervention,
Prognostic Factor, or Exposure; Comparison or Inter-
vention (if appropriate); Outcome) [36] for inclusion and
exclusion criteria were determined as follows: Inclusion
criteria were all epidemiological studies about the preva-
lence of PKU that have been peer-reviewed at least in
the form of abstract. Exclusion criteria were: 1) duplicate
studies; 2) sample size other than infants (over 28 days
of age); 3) non-random sample size; 4) non-Iranian stud-
ies; 5) being irrelevant; 6) sample size smaller than 200
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participants; 7) participants with certain diseases (e.g.
mental retardation and etc); 8) unknown diagnostic
intervention; 9) poor quality qualitative evaluation; 10),
case reports, review articles, and letters to the editor
without quantitative data.

Study selection

The title and abstract of all identified documentations
were screened. Then, we evaluated the full text of the ar-
ticles according to the inclusion and exclusion criteria.
Finally, the raised disagreements were discussed and re-
solved in the presence of all authors.

Definitions

Suspected cases of HPA were defined as Phe serum
levels in primary NBS (in some sources 2 mg/dl and in
some 4 mg/dl), and PKU was diagnosed in suspected
cases of HPA after confirmatory tests. In this study,
PKU it relates to all degrees of HPA, and PKU was clas-
sified into two categories: 1. Phe concentrations between
(2 or 4) and 20 were considered as mild to moderate
HPA, and 2. Phe concentrations above 20 were consid-
ered as classical PKU [4].

Data extraction

Data extracted by the authors included first author’s
name, email of the corresponding author or the first au-
thor, year of publication, region/province, year of study,
sample size (total, boys and girls), data collection
method, diagnostic criteria, prevalence for each variable
(suspected HPA, PKU, and types of PKU), and finally
the extracted data were entered into Excel software (XP
professional edition; Microsoft, Redmond, Washington,
USA).

For duplicate publications, we contacted the corre-
sponding author or the first author to clarify the original
publication, and if we did not receive a response, we se-
lected the study with the largest number of participants
for overlapping cases. We also contacted the corre-
sponding author when the article data was incomplete
or ambiguous and resolved the problem.

Quality evaluation

As all studies eventually included the prevalence, so the
quality of the studies was evaluated using a checklist for
cross-sectional/prevalence studies by the modified
Newcastle-Ottawa Scale (NOS) [37]. The quality of arti-
cles was classified into three categories of low, medium
and high. Scoring was considered 0-5, 6-7, and 8-9, re-
spectively, and studies with poor quality excluded.

Statistical analysis
Heterogeneity among studies was assessed by I and Q
tests. Interpretation of heterogeneity based on I* Index
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is as follows: less than 25% (low heterogeneity), 25—-49%
(moderate heterogeneity) and 50-75% (considerable het-
erogeneity), and greater than 75% (high heterogeneity),
and P-value less than 0.10 is statistically significant [38,
39]. In cases of low heterogeneity, the fixed effects
model was used, and in other cases, the random effects
model was used for data integration. Girls-boys Odds
Ratio (OR) was used to indicate the effect of gender on
suspected HPA and PKU, using HPA and PKU positive
cases in both genders and the total sample size. To ex-
plore the cause of heterogeneity, subgroup analysis was
done based on the region and the province of study, and
sensitivity analysis was used to measure the overall esti-
mation power by omitting one study at a time. Mixed-
effects meta-regression was used to investigate the asso-
ciation between continuous variables such as the effect
of time of study on prevalence. Publication bias was
assessed by a visual survey of the funnel plot for skewed
distribution, and using the Begg and Egger’s tests [40,
41]. All meta-analyses were performed using Compre-
hensive Meta-Analysis Software (CMA) ver. 2. P<0.05
was considered significant in all tests.

Results

Search results and the features of studies included the
meta-analysis

Figure 1 shows the flowchart of the selection of studies.
Systematic search on databases and references identified
2126 related papers. Subsequently, 421 duplicate articles
and 1672 unrelated articles were removed by reviewing
the title and abstract. Then, 56 studies were excluded
after reviewing the full-text since they did not meet the
eligibility criteria. Finally, 18 studies with 3,339,327 Iran-
ian neonates were included (Fig. 1).

Studies by Abbaskhanian A. et al. [16], Motamedi N.
et al. [18], and Ganji F. et al. [28] were considered as
more than one study each since they reported informa-
tion in more than one population. All studies had appro-
priate quality to enter the meta-analysis (Table 1).

Prevalence of suspected hyperphenylalaninemia
Heterogeneity was high for these studies (I* =98.41%;
P <0.001). The prevalence of suspected HPA in 873,174
Iranian neonates was estimated to be 45.6/100,000 (95%
CIL: 23.9-87.1) (Fig. 2 a). The lowest prevalence was re-
lated to the study of Soori in 2016-2017 (8.8/100,000)
and the highest prevalence was related to the study of
Abbaskhanian in 2017 (600.1/100,000).

Prevalence of suspected hyperphenylalaninemia based on
gender

The prevalence of suspected HPA in 285,331 girls in-
fants and 297,347 boys infants in Iran was estimated to
be 38.0/100,000 (95% CI: 15.1-95.5) and 43.3/100,000
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Fig. 1 PRISMA flowchart

Causes of Excluded
Studies

Records excluded due to irrelevancy
(n=1628)

Full-text articles excluded (n=56),
with reasons:

Sample size other than infants
(over 28 days of age) (N=10); non-
random sample size (N=14); non-
Iranian studies (N=13);
participants with certain diseases
(e.g. mental retardation and etc)
(N=15);  unknown diagnostic
intervention (N=1); Cytological
studies, animal studies, review
articles, letter to the editor
without quantitative
comments (N=3)

and

(95% CI: 16.2-116.2), respectively (Fig. 2 b-c). The girls-
boys OR of suspected HPA was not significant (OR =
0.90 (95% CI: 0.75-1.08; P = 0.259) (Fig. 2-d).

Subgroup analysis of the prevalence of suspected
hyperphenylalaninemia

Subgroup analysis of the prevalence of suspected HPA
based on five geographical regions and provinces in Iran
showed significant differences with P<0.007 and P<
0.001, respectively, but it was not significant in terms of
the quality of studies (P = 0.241) (Fig. 3).

Prevalence of phenylketonuria

Heterogeneity was high for the studies (I* = 82.56%; P <
0.001). The prevalence of PKU in 3,000,917 Iranian neo-
nates was estimated to be 16.5/100,000 (95% CI: 12.9—
21.2). The lowest and highest prevalence was related to
the studies of Abbaskhanian et al. (2.3/100,000) and
Badiee et al. (144.3/100,000) (Fig. 4), respectively.

Prevalence of phenylketonuria based on gender

The prevalence of PKU in 285,331 girls and 297,347 boys
infants was estimated to be 13.3/100,000 (95% CI: 9.3-
19.0) and 10.9/100,000 (95% CI: 7.5-15.8), respectively.
The girls-boys OR of PKU prevalence was not significant
(OR =1.58 (95% CI: 0.66-2.02, P = 0.606) (Fig. 5).

Subgroup analysis of phenylketonuria prevalence
The prevalence of PKU in West, East, North, South and
Center of Iran was estimated to be 19.4/100,000 (95%
CL 15.1-24.9), 31.9/100,000 (95% CI: 9.0-113.3), 7.9/
100,000 (95% CI: 4.7-13.1), 17.2/100,000 (95% CI: 13.6—
21.8) and 21.3/100,000 (95% CI: 10.2—44.6), respectively,
and the differences in subgroup analysis were significant
(P <0.001). In subgroup analysis based on province, the
lowest and highest prevalence of PKU was in Golestan
(5.4/100,000) and Isfahan (58.4/100,000) provinces, re-
spectively and the difference was significant (P < 0.001).
In subgroup analysis based on the quality of studies,
the prevalence of PKU in medium and high-quality stud-
ies was estimated to be 22.2/100,000 (95% CI: 15.6-31.5)
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-
Study name Statistics for each study Event rate and 95% CI
Event Lower  Upper Relative
rate limit limit  Z-Value p-Value weight
Habib A, 2010 0.000171 0.000120 0.000245 -47.497  0.000 6.62
Abbaskhanian A, 2017 (2 0.006001 0.005308 0.006783 -81.193  0.000 E 6.74
Abbaskhanian A, 2017 (3 0.001444 0.001135 0.001838  -53.083  0.000 | | 6.69
Abbaskhanian A, 2017 (4) 0.002025 0.001651 0.002483 -59.412  0.000 [ ] 6.71
Abbaskhanian A, 2017 (5 0.000428 0.000273 0.000670  -33.803  0.000 6.54
Abbaskhanian A, 2017 (6 0.000248 0.000137 0.000448  -27.530  0.000 6.39
Abbaskhanian A, 2017 (7) 0.000158 0.000075 0.000331  -23.159  0.000 6.21
Abbaskhanian A, 2017 (8§ 0.000109 0.000045 0.000261  -20.407  0.000 6.01
Abbaskhanian A, 2017 (9) 0.000127 0.000057 0.000283 21972  0.000 6.12
Abbaskhanian A, 2017 (10) 0.000105 0.000044 0.000253  -20.476  0.000 6.01
Nasiri Sh, 2013 0.001172 0.000824 0.001666 -37.549  0.000 | ] 6.62
Saadatinasab Z, 2015 0.001827 0.001403 0.002379  -46.703  0.000 [ ] 6.68
Karamifar H, 2010 0.000117 0.000061 0.000225 -27.160  0.000 6.32
Soori M, 2018 0.000088 0.000005 0.001400  -6.606  0.000 3.02
Mahmoodi M, 2013 0.000432 0.000306 0.000611  -43.807  0.000 6.63
Rezabigidavarani E, 2018 0.001097 0.000887 0.001357 -62.786  0.000 [ ] 6.70
0.000456 0.000239 0.000871 23275  0.000 [
Heterogeneity: I= 98.41; P<0.001 0.9 0:01 9:01
Meta Analysis
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit  Z-Value p-Value weight
Habib A, 2010 0.000184 0.000113 0.000300 -34.405 0.000 11.04
Abbaskhanian A, 2017 (2) 0.005395 0.004485 0.006489 -55.061 0.000 11.35
Abbaskhanian A, 2017 (3 0.001377 0.000969 0.001958 -36.645 0.000 . 11.21
Abbaskhanian A, 2017 (4) 0.002041 0.001524 0.002732 -41.497 0.000 .' 11.27
Abbaskhanian A, 2017 (5 0.000606 0.000352 0.001044 -26.701 0.000 10.96
Abbaskhanian A, 2017 (6) 0.000236 0.000098 0.000567 -18.670 0.000 10.33
Abbaskhanian A, 2017 (7) 0.000092 0.000023 0.000368 -13.141 0.000 9.06
Abbaskhanian A, 2017 (8 0.000044 0.000006 0.000312 -10.032 0.000 7.52
Abbaskhanian A, 2017 (9 0.000044 0.000006 0.000313 -10.029 0.000 7.52
Abbaskhanian A, 2017 (10) 0.000129 0.000042 0.000401 -15.505 0.000 9.73
0.000380 0.000151 0.000955 -16.741 0.000 ’
Heterogeneity: I’= 97.16; P<0.001 0.00 0.01 0.01
Study name Statistics for each study Event rate and 95% CI
Event Lower  Upper Relative
rate limit limit Z-Value p-Value weight
Habib A, 2010 0.000159 0.000094 0.000268 -32.728 0.000 10.34
Abbaskhanian A, 2017 (2) 0.006584 0.005588 0.007756 -59.582 0.000 -.— 10.62
Abbaskhanian A, 2017 (3) 0.001509 0.001084 0.002101 -38.395 0.000 . 10.52
Abbaskhanian A, 2017 (4)  0.002009 0.001510 0.002673 -42.517 0.000 .' 10.55
Abbaskhanian A, 2017 (5  0.000261 0.000117 0.000581 -20.206 0.000 9.95
Abbaskhanian A, 2017 (6) 0.000257 0.000115 0.000571  -20.248 0.000 9.95
Abbaskhanian A, 2017 (7) 0.000221 0.000092 0.000531 -18.820 0.000 9.82
Abbaskhanian A, 2017 (8) 0.000172 0.000065 0.000458 -17.334 0.000 9.63
Abbaskhanian A, 2017 (9) 0.000204 0.000085 0.000489 -19.002 0.000 9.82
Abbaskhanian A, 2017 (10) 0.000082 0.000021 0.000330 -13.298 0.000 8.80
0.000434 0.000162 0.001162 -15.399 0.000 ’
Heterogeneity: )= 97.88; P<0.001 0.00 0.01 0.01
Meta Analysis
Study name Statistics for each study 0dds ratio and 95% Gl
Odds Lower Upper Relative
ratio  limit limit  Z-Value p-Value weight
Habib A, 2010 1157 0565 2.370 0.398 0.691 6.21
Abbaskhanian A, 2017 (2) 0819 0638 1.049  -1.580 0.114 51.80
Abbaskhanian A, 2017 (3 0913 0563 1481 -0.370 0.712 13.66
Abbaskhanian A, 2017 (4) 1016 0675 1.529 0.075 0.940 19.09
Abbaskhanian A, 2017 (5) 2322 0882 6.109 1.706 0.088 — 342
Abbaskhanian A, 2017 (6) 0920 0281 3.015 -0.137 0.891 —— 221
Abbaskhanian A, 2017 (7) 0417 0081 2148  -1.046 0.296 1.19
Abbaskhanian A, 2017 (8) 0256 0029 2288  -1.220 0.223 0.67
Abbaskhanian A, 2017 (9 0217 0025 1.853 -1.397  0.162 069
Abbaskhanian A, 2017 (10) 1570 0262 9.397 0.494 0.621 1.00
0902 0755 1.079 -1.128 0.259 ‘
Heterogeneity: I’= 2.51; P=0.416 .01 o1 ! 0 100
Vieta Analysis
Fig. 2 Prevalence of suspected hyperphenylalaninemia in all (a), girls (b), and boys (c) and girls to boys odds ratio (d) in national neonate
screening program in Iran
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P
Study name within ical regions Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Nasiri Sh, 2013 East 0.001172 0.000824 0.001666 -37.549 0.000 = 46.44
Saadatinasab Z, 2015 East 0.001827 0.001403 0.002379 -46.703 0.000 * 53.56
0.001487 0.000963 0.002294  -29.344 0.000 ’
Abbaskhanian A, 2017 (2) North 0.006001 0.005308 0.006783 -81.193 0.000 —— 10.45
Abbaskhanian A, 2017 (3) North 0.001444 0.001135 0.001838 -563.083 0.000 - 10.39
Abbaskhanian A, 2017 (4) North 0.002025 0.001651 0.002483 -59.412 0.000 - 10.41
Abbaskhanian A, 2017 (5) North 0.000428 0.000273 0.000670  -33.803 0.000 - 10.19
Abbaskhanian A, 2017 (6) North 0.000248 0.000137 0.000448 -27.530 0.000 - 9.99
Abbaskhanian A, 2017 (7) North 0.000158 0.000075 0.000331 -23.159 0.000 o 9.73
Abbaskhanian A, 2017 (8) North 0.000109 0.000045 0.000261 -20.407 0.000 - 9.46
Abbaskhanian A, 2017 (9) North 0.000127 0.000057 0.000283 -21.972 0.000 - 9.62
Abbaskhanian A, 2017 (10) North 0.000105 0.000044 0.000253 -20.476 0.000 - 9.46
Mahmoodi M, 2013 North 0.000432 0.000306 0.000611 -43.807 0.000 - 10.30
0.000443 0.000186 0.001056 -17.422 0.000 ’
Habib A, 2010 South 0.000171 0.000120 0.000245 -47.497 0.000 | ] 33.67
Karamifar H, 2010 South 0.000117 0.000061 0.000225 -27.160 0.000 o 32.25
Rezabigidavarani E, 2018 South 0.001097 0.000887 0.001357 -62.786 0.000 - 34.08
0.000285 0.000063 0.001293  -10.579 0.000
Soori M, 2018 West 0.000088 0.000005 0.001400 -6.606 0.000 100.00
0.000088 0.000005 0.001400 -6.606 0.000
Test for subgroup differences: Q=12.175, df(Q)=3, P= 0.007 0.00 o.01 .01
Study name Subgroup within provinces Statistics for each study Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Habib A, 2010 Fars 0.000171 0.000120 0.000245 -47.497 0.000 76.76
Karamifar H, 2010 Fars 0.000117 0.000061 0.000225 -27.160 0.000 23.24
0.000157 0.000114 0.000215 -54.403 0.000 h
Mahmoodi M, 2013 Golestan 0.000432 0.000306 0.000611 -43.807 0.000 100.00
0.000432 0.000306 0.000611 -43.807 0.000
Soori M, 2018 Hamadan 0.000088 0.000005 0.001400 -6.606 0.000 100.00
0.000088 0.000005 0.001400 06 0.000
Rezabigidavarani E, 2018 Kerman 0.001097 0.000887 0.001357 -62.786 0.000 . 100.00
0.001097 0.000887 0.001357 -62.786 0.000 .
Abbaskhanian A, 2017 (2) Mazandaran 0.006001 0.005308 0.006783 -81.193 0.000 —— 11.67
Abbaskhanian A, 2017 (3) Mazandaran 0.001444 0.001135 0.001838 -53.083 0.000 - 11.60
Abbaskhanian A, 2017 (4) Mazandaran 0.002025 0.001651 0.002483 -59.412 0.000 — 11.63
Abbaskhanian A, 2017 (5) Mazandaran 0.000428 0.000273 0.000670 -33.803 0.000 - 11.37
Abbaskhanian A, 2017 (6) Mazandaran 0.000248 0.000137 0.000448 -27.530 0.000 d 11.14
Abbaskhanian A, 2017 (7) Mazandaran 0.000158 0.000075 0.000331 -23.159 0.000 - 10.84
Abbaskhanian A, 2017 (8) Mazandaran 0.000109 0.000045 0.000261 -20.407 0.000 . 10.53
Abbaskhanian A, 2017 (9) Mazandaran 0.000127 0.000057 0.000283 -21.972 0.000 - 10.71
Abbaskhanian A, 2017 (10) Mazandaran 0.000105 0.000044 0.000253 -20.476 0.000 o 10.53
0.000446 0.000182 0.001093 -16.839 0.000 ’
Nasiri Sh, 2013 South Khorasan 0.001172 0.000824 0.001666 -37.549 0.000 - 46.44
Saadatinasab Z, 2015 South Khorasan 0.001827 0.001403 0.002379 -46.703 0.000 = 53.56
0.001487 0.000963 0.002294 -29.344 0.000 -
Test for subgroup differences: Q=122.874, df(Q)=5, P< 0.001 0:00 o0 001
Study name Subgroup within quality of studies Statistics for each study Event rate and 95% ClI
Event Lower  Upper Relative
rate limit limit ~ Z-Value p-Value weight
Habib A, 2010 High 0.000171  0.000120 0.000245 -47.497 0.000 8.54
Abbaskhanian A, 2017 (2 High 0.006001 0.005308 0.006783 -81.193 0.000 8.67
Abbaskhanian A, 2017 (3) High 0.001444 0.001135 0.001838 -53.083 0.000 8.62
Abbaskhanian A, 2017 (4) High 0.002025 0.001651 0.002483 -59.412 0.000 8.64
Abbaskhanian A, 2017 (5) High 0.000428 0.000273 0.000670 -33.803 0.000 8.46
Abbaskhanian A, 2017 (6) High 0.000248 0.000137 0.000448 -27.530 0.000 8.31
Abbaskhanian A, 2017 (7) High 0.000158 0.000075 0.000331 -23.159 0.000 8.11
Abbaskhanian A, 2017 ( High 0.000109 0.000045 0.000261 -20.407 0.000 7.90
Abbaskhanian A, 2017 ( High 0.000127 0.000057 0.000283 -21.972 0.000 8.02
Abbaskhanian A, 2017 (10) High 0.000105 0.000044 0.000253 -20.476 0.000 7.90
Saadatinasab Z, 2015 High 0.001827 0.001403 0.002379 -46.703 0.000 8.61
Karamifar H, 2010 High 0.000117  0.000061 0.000225 -27.160 0.000 8.23
0.000414  0.000183  0.000937 -18.667 0.000
Nasiri Sh, 2013 Moderate 0.001172  0.000824 0.001666 -37.549 0.000 31.17
Soori M, 2018 Moderate 0.000088 0.000005 0.001400 -6.606 0.000 4.02
Mahmoodi M, 2013 Moderate 0.000432 0.000306 0.000611 -43.807 0.000 31.28
Rezabigidavarani E, 2018 Moderate 0.001097 0.000887 0.001357 -62.786 0.000 33.53
0.000756 0.000419 0.001365 -23.830 0.000
Test for subgroup differences: Q=1.374, df(Q)=1, P= 0.241 0.00 0.50 1.00
Meta Analysis
Fig. 3 Subgroup analysis of suspected hyperphenylalaninemia prevalence based on geographical regions (a), provinces (b) and the quality of
studies (c) in national neonate screening program in Iran
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g
Study name Statistics for each study Event rate and 95% ClI
Event Lower Upper Relative
rate limit limit Z-Value p-Value weight
Senemar S, 2009 0.000213 0.000128 0.000353 -32.742 0.000 3.37
Habib A, 2010 0.000160 0.000110 0.000231 -46.252 0.000 3.60
Abbaskhanian A, 2017 (2 0.000047 0.000012 0.000189 -14.085 0.000 1.77
Abbaskhanian A, 2017 (3 0.000044 0.000011 0.000175 -14.194 0.000 b
Abbaskhanian A, 2017 (4 0.000154 0.000073 0.000323 -23.223 0.000 291
Abbaskhanian A, 2017 (5 0.000068 0.000022 0.000209 -16.632 0.000 2.16
Abbaskhanian A, 2017 (6) 0.000023 0.000003 0.000160 -10.700 0.000 1.14
Abbaskhanian A, 2017 (7) 0.000045 0.000011 0.000180 -14.151 0.000 b
Abbaskhanian A, 2017 (8) 0.000065 0.000021 0.000202 -16.692 0.000 2.16
Abbaskhanian A, 2017 (9) 0.000085 0.000032 0.000226 -18.752 0.000 244
Abbaskhanian A, 2017 (10 0.000063 0.000020 0.000196 -16.746 0.000 2.16
Ordoocei M, 2015 0.000181 0.000068 0.000481 -17.235 0.000 244
Motamedi N, 2017 (1) 0.000120 0.000045 0.000320 -18.052 0.000 244
Motamedi N, 2017 (2 0.000148 0.000061 0.000354 -19.724 0.000 2.64
Motamedi N, 2017 (3 0.000206 0.000098 0.000431 -22.458 0.000 291
Motamedi N, 2017 (4) 0.000139 0.000058 0.000334 -10.857 0.000 264
Motamedi N, 2017 (5 0.000171 0.000077 0.000381 -21.239 0.000 279
Motamedi N, 2017 (6) 0.000279 0.000150 0.000519 -25.873 0.000 3.15
Motamedi N, 2017 (7) 0.000161 0.000073 0.000359 -21.385 0.000 279
Motamedi N, 2017 (8 0.000105 0.000040 0.000281 -18.314 0.000 244
Motamedi N, 2017 (9) 0.000381 0.000230 0.000632 -30.485 0.000 3.37
Motamedi N, 2017 (10 0.000130 0.000054 0.000311 -20.014 0.000 2.64
Motamedi N, 2017 (11) 0.000191 0.000091 0.000401 -22.649 0.000 291
Ajami A, 2013 0.000584 0.000436 0.000783 -49.923 0.000 Q02
Nasiri Sh, 2013 0.000869 0.000578 0.001308 -33.781 0.000 - 3.54
Modares Sadrani N, 2013 0.000294 0.000171 0.000506 -29.316 0.000 3.30
Morovatdar N, 2015 0.000058 0.000022 0.000154 -19.520 0.000 244
Saadatinasab Z, 2015 0.000100 0.000032 0.000309 -15.958 0.000 2.16
Badiee M, 2014 0.001443 0.000884 0.002353 -26.141 0.000 .- 3.40
Karamifar H, 2010 0.000104 0.000052 0.000208 -25.940 0.000 3.00
Soori M, 2018 0.000088 0.000005 0.001400 -6.606 0.000 0.67
Heydari A, 2016 0.000237 0.000213 0.000265 -149.734 0.000 3.89
Ganji F, 2018 (1) 0.000077 0.000011 0.000545 -9.474 0.000 1.14
Ganji F, 2018 (2 0.000204 0.000077 0.000543 -16.993 0.000 244
Ganji F, 2018 (3 0.000152 0.000049 0.000471 -15.228 0.000 2.16
Ganji F, 2018 (4) 0.000144 0.000046 0.000445 -15.325 0.000 2.16
Mahmoodi M, 2013 0.000054 0.000020 0.000144 -19.650 0.000 244
Behineh M, 2015 0.000313 0.000078 0.001249 -11.412 0.000 1.77
Rezabigidavarani E, 2018 0.000194 0.000117 0.000321 -33.108 0.000 3.37
0.000165 0.000129 0.000212 -68.581 0.000 I
Heterogeneity: I>= 82.56; P<0.001 0.00 0.01 0.01
Meta Analysis
Fig. 4 Prevalence of phenylketonuria in national neonate screening program in Iran

and 10.1/100,000 (95% CI: 7.1-14.5), respectively, and
the differences in subgroup analysis were significant
(P =0.002) (Fig. 6).

The prevalence of different types of phenylketonuria

The prevalence of PKU types was investigated in 16
studies with a sample size of 714,845 Iranian neonates.
The prevalence of mild to moderate HPA was estimated
9.7/100,000 (95% CI: 5.1-18.4) and the prevalence of clas-
sical PKU was estimated 4.4/100,000 (95% CI: 2.5-7.8)

(Fig. 7). In other words, the prevalence of mild to moderate
HPA and the prevalence of classical PKU among PKU pa-
tients were 71.15% (95% CI: 61.88—78.93) and 28.85% (95%
CI: 21.07-38.12), respectively (Supplementary Figure 1).

Meta-regression

Meta-regression for the prevalence of suspected HPA,
PKU, classical PKU and mild to moderate HPA based on
the year of study was (meta-regression coefficient: -
0.132, 95% CI -0.346 to 0.081, P=0.226), (meta-
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A

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper Relative

rate limit limit Z-Value p-Value weight
Habib A, 2010 0.000172 0.000104 0.000286 -33.562 0.000 50.00
Abbaskhanian A, 2017 (2) 0.000096 0.000024 0.000385 -13.077 0.000 6.67
Abbaskhanian A, 2017 (3) 0.000022 0.000001 0.000355 -7.576 0.000 1.67
Abbaskhanian A, 2017 (4) 0.000227 0.000094 0.000545 -18.762 0.000 16.67
Abbaskhanian A, 2017 (5 0.000140 0.000045 0.000434 -15.370 0.000 10.00
Abbaskhanian A, 2017 (6) 0.000047 0.000007 0.000335 -9.960 0.000 3.33
Abbaskhanian A, 2017 (7) 0.000046 0.000006 0.000327 -9.986 0.000 3.33
Abbaskhanian A, 2017 (8) 0.000022 0.000001 0.000351 -7.584 0.000 1.67
Abbaskhanian A, 2017 (9) 0.000044 0.000006 0.000313 -10.029 0.000 3.33
Abbaskhanian A, 2017 (10)0.000043 0.000006 0.000306 -10.051 0.000 3.33

0.000133 0.000093 0.000190 -48.893 0.000 .
0.00 0.01 0.01

Heterogeneity: I’= 14.65; P=0.308
Meta Analysis
Study name Statistics for each study Event rate and 95% CI

Event Lower Upper Relative

rate limit limit Z-Value p-Value weight

Habib A, 2010 0.000147 0.000086 0.000254 -31.804 0.000 47.27
Abbaskhanian A, 2017 (2) 0.000023 0.000001 0.000370 -7.546 0.000 1.82
Abbaskhanian A, 2017 (3) 0.000086 0.000022 0.000345 -13.234 0.000 7.27
Abbaskhanian A, 2017 (4) 0.000085 0.000021 0.000342 -13.246 0.000 7.27
Abbaskhanian A, 2017 (5 0.000022 0.000001 0.000348 -7.591 0.000 1.82
Abbaskhanian A, 2017 (6) 0.000021 0.000001 0.000342 -7.603 0.000 1.82
Abbaskhanian A, 2017 (7) 0.000044 0.000006 0.000314 -10.027 0.000 3.64
Abbaskhanian A, 2017 (8) 0.000129 0.000042 0.000400 -15.511 0.000 10.91
Abbaskhanian A, 2017 (9) 0.000122 0.000039 0.000379 -15.604 0.000 10.91
Abbaskhanian A, 2017 (10)0.000082 0.000021 0.000330 -13.298 0.000 7.27

0.000109 0.000075 0.000158 -47.850 0.000

Heterogeneity: I>= 0; P=0.706 0.00 0.01 0.01
Meta Analvsis
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit Z-Value p-Value weight
Habib A, 2010 1168 0556 2454 0409  0.682 —- 56.19
Abbaskhanian A, 2017 (2) 5.196 0.249 108.227 1.064 0.287 3.36
Abbaskhanian A, 2017 (3) 0.206 0.010 4.294 -1.019 0.308 3.36
Abbaskhanian A, 2017 (4) 2.653 0515 13673 1.166 0.244 11.53
Abbaskhanian A, 2017 (5) 7.499 0.387 145.188 1.333 0.183 3.53
Abbaskhanian A, 2017 (6) 3.313 0.135 81.325 0.733 0.463 3.03
Abbaskhanian A, 2017 (7) 1.042 0.065 16.661 0.029 0.977 4.03
Abbaskhanian A, 2017 (8) 0.146 0.008 2.828 -1.272 0.203 3.53
Abbaskhanian A, 2017 (9) 0.361 0.038 3.470 -0.883 0.377 6.05
Abbaskhanian A, 2017 (10) 0.523 0.047 5771 -0.529 0.597 5.38
1158 0663 2020 0516 0606 <>
Heterogeneity: I’= 0; P=0.492 001 0:4 it 10 100,
Meta Analysis

Fig. 5 Prevalence of phenylketonuria in girls (@) and boys (b) and girls to boys odds ratio (d) in national neonate screening program in Iran
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Fig. 6 Subgroup analysis of phenylketonuria prevalence based on geographical regions (a), provinces (b) and the quality of studies (c) in national
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Study name Statistics for each study Event rate and 95% CI

Event Lower Upper Relative

rate limit limit Z-Value p-Value weight
Senemar S, 2009 0.000184 0.000107 0.000318  -30.997 0.000 7.79
Abbaskhanian A, 2017 (2  0.000024 0.000003 0.000168  -10.653 0.000 4.65
Abbaskhanian A, 2017 (3) 0.000044 0.000011 0.000175 -14.194 0.000 5.95
Abbaskhanian A, 2017 (4) 0.000132 0.000059 0.000294 -21.878 0.000 i7.31
Abbaskhanian A, 2017 (5  0.000045 0.000011 0.000180 -14.153 0.000 5.95
Abbaskhanian A, 2017 (6) 0.000023 0.000003 0.000160 -10.700 0.000 4.65
Abbaskhanian A, 2017 (7)) 0.000023 0.000003 0.000160 -10.700 0.000 4.65
Abbaskhanian A, 2017 (8  0.000065 0.000021 0.000202 -16.692 0.000 6.56
Abbaskhanian A, 2017 (9  0.000064 0.000020 0.000197  -16.738 0.000 6.56
Abbaskhanian A, 2017 (100 0.000042 0.000011 0.000169  -14.247 0.000 5.95
Ordooei M, 2015 0.000136 0.000044 0.000420  -15.425 0.000 6.56
Ajami A, 2013 0.000429 0.000305 0.000603 -44.537 0.000 8.07
Modares Sadrani N, 2013 0.000113 0.000047 0.000272  -20.319 0.000 715
Badiee M, 2014 0.001352 0.000816 0.002242  -25.562 0.000 .— 7.85
Karamifar H, 2010 0.000065 0.000027 0.000156  -21.559 0.000 715
Soori M, 2018 0.000088 0.000005 0.001400 -6.606 0.000 3.23
0.000097 0.000051 0.000184 -28.328 0.000

Heterogeneity: I>= 87.9; P<0.001 0:00 0.01 0:04
Meta Analysis
Study name Statistics for each study Event rate and 95% CI

Event Lower Upper Relative

rate limit limit Z-Value p-Value weight
Senemar S, 2009 0.000028 0.000007 0.000113 -14.806 0.000 8.02
Abbaskhanian A, 2017 (2  0.000024 0.000003 0.000168 -10.653 0.000 5.43
Abbaskhanian A, 2017 (3)  0.000011 0.000001 0.000175 -8.077 0.000 3.29
Abbaskhanian A, 2017 (4)  0.000022 0.000003 0.000156  -10.724 0.000 543
Abbaskhanian A, 2017 (5  0.000023 0.000003 0.000160  -10.701 0.000 543
Abbaskhanian A, 2017 (6)  0.000011 0.000001 0.000180 -8.056 0.000 3.29
Abbaskhanian A, 2017 (7)  0.000023 0.000003 0.000160 -10.700 0.000 5.43
Abbaskhanian A, 2017 (8  0.000011 0.000001 0.000174 -8.082 0.000 3.29
Abbaskhanian A, 2017 (9  0.000021 0.000003 0.000150 -10.762 0.000 5.43
Abbaskhanian A, 2017 (10 0.000021 0.000003 0.000150 -10.767 0.000 5.43
Ordooei M, 2015 0.000045 0.000006 0.000321  -10.004 0.000 5.43
Ajami A, 2013 0.000156 0.000089 0.000274  -30.366 0.000 13.34
Modares Sadrani N, 2013 0.000181 0.000090 0.000362  -24.372 0.000 12.51
Badiee M, 2014 0.000090 0.000013 0.000640 -9.313 0.000 543
Karamifar H, 2010 0.000039 0.000013 0.000121  -17.584 0.000 9.54
Soori M, 2018 0.000088 0.000005 0.001400 -6.606 0.000 3.29

0.000044 0.000025 0.000078  -34.643 0.000
Heterogeneity: I>= 50.80; P0.010 0.00 0:01 0.01
Meta Analysis
Fig. 7 Prevalence of mild to moderate hyperphenylalaninemia (a) classic phenylketonuria (b) in national neonate screening program in Iran

regression coefficient: 0.008, 95% CI - 0.076 to 0.92, P=  Sensitivity analysis and publication bias

0.851), (meta-regression coefficient: 0.101, 95% CI -  Sensitivity analysis for prevalence of suspected HPA,
0.213 to 0.416, P=0.528) and (meta-regression coeffi- PKU, classical PKU, and mild to moderate HPA with the
cient: 0.020, 95% CI —0.212 to 0.416, P = 0.253), respect-  omission of one study showed that overall estimation is

ively (Supplementary Figure 2).

still robust (Supplementary Figures 3, 4, 5). Egger’s and
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Begg’s tests for HPA prevalence (P =0.137 and P < 0.001,
respectively), overall PKU prevalence (P =0.005 and P =
0.009), classical PKU (P < 0.001 and P =0.002) and mild
to moderate PKU (P =0.710 and P < 0.001) were signifi-
cant (Supplementary Figure 6).

Discussion

The present study is the first comprehensive systematic
review and meta-analysis on PKU screening in Iranian
newborns. The prevalence of PKU in Iranian neonates
was estimated to be 16.5/100,000. NBS is an important
form of prevention in newborns with congenital meta-
bolic diseases. This activity is very useful for detecting
errors in many birth-related errors. It should be noted
that many types of congenital disorders can be success-
fully treated if early diagnosis is achieved. If specific bio-
chemical supplements are taken at an early stage, many
metabolic disorders will be stopped from progressing
and causing permanent damage to patients. The NBS is
managed under the national public health policies.
Metabolic disorders of the nervous system vary clinically
and pathologically. Mental retardation and epilepsy syn-
drome are prominent in these disorders [42, 43].

The first pilot study to assess HPA in neonates in Iran
began in 1982 [44] and the first National Neonate Screen-
ing Program (NNSP) in Iran started in Fars province in
2004 [45] and continued in Mazandaran province in 2007
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[16]. Based on law, all Iranian infants should be screened
for three diseases, including hypothyroidism, PKU, and
glucose 6-phosphate dehydrogenase deficiency.

The published evidence confirms that the global NBS for
PKU meets all accepted screening criteria and justifies the
cost and infrastructure needed to collect and test dried
blood spots [46]. Screening in infants is considered a na-
tional duty even in countries where there is no PKU popu-
lation. Because of high migration in countries, detection of
PKU has remained probable. Neonatal screening requires:
1) a solid infrastructure in which blood is collected from all
neonates to ensure timely treatment; 2) a well-equipped la-
boratory that can effectively administer blood spot. Low-
income countries may consider using NBS laboratory facil-
ities of other countries [47, 48].

In the present study, the prevalence of suspected HPA
(45.6/100,000) was much higher than the prevalence of
PKU. Differential diagnosis of HPA includes high intake
of natural protein, liver disease, tetrahydrobiopterin
(BH4) deficiency, and being premature [49, 50].

The prevalence of PKU varies across ethnic groups
and geographical regions around the world [51]. The
prevalence of PKU has been reported to range from
less than 1/220,000 to 1/4500. Table 2 summarizes
the prevalence of PKU in different populations. In the
present study, due to ethnic differences in different
geographical regions of Iran, the prevalence of PKU

Table 2 Summarizes the prevalence of PKU in different populations

Regions

Countries

Incidence of PKU®

Asian populations

European populations

South America

North America

Turkey, 1986 (53)

1: 4500

Saudi Arabia, 2017 [8] 1: 14245
United Arab of Emirates, 2000 (54) 1: 20050
United Arab of Emirates, 2014 (55) 1: 14544
Irag, 2015 (56) 1.2: 10000
Thailand 2009 and 2015 (13, 57) < 1:220,000
Mexico, 2012 (58) 1:161,748
Japan, 2017 (59) 1:143,000
Ireland, 1978 (60) 1in 4500
Sweden, before and after 1990 [52] 1:18,300 to 1:14,200
Germany, 2002 and 2014 (61) 1:10,339
Greece, 2016 (62) 1: 10000
Bulgaria, 2016 (62) 1: 18000
Poland, 2016 (62) 1: 7000
Spain, 2016 (62) 1: 7400
ltaly, 2016 (62) 1: 11500
Brazil, 2014 (63) 1:8690
United States (Caucasians) (64) 1in 10,000
Canada, 1986 (65) 1in 22,000

? Phenylketonuria
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was significantly different in five different regions of
Iran.

In the present study, prevalence of mild to moderate
HPA and prevalence of classical PKU among PKU pa-
tients were 71.15 and 28.85%, respectively, indicating
that the majority of patients with PKU suffer from mild
to moderate HPA in Iran. This can play a key role in the
initiation and non-initiation of PKU treatment and man-
agement of these patients. That’s because untreated Phe
concentration determines the management of people
with PKU. If blood Phe concentrations are below
360 pmol/l, no intervention is required. If Phe blood
concentration is between 360 pmol/l and 600 umol/],
treatment up to the age of 12 is recommended and life-
long treatment is recommended if the concentration is
above 600 umol/l. For women trying to get pregnant
(maternal PKU), untreated Phe blood concentration
drops to more than 360 pmol/l. On the other hand,
management of PKU is associated with a severe financial
burden on patients’ families, which may lead to inad-
equate treatment or a change in blood Phe concentra-
tion [2, 3].

The trend of changes in the prevalence of suspected
HPA, PKU, classical PKU and mild to moderate HPA
did not change significantly over time. PKU as an
autosomal-recessive disorder is not only related to con-
sanguineous marriage and also occurs in regions with a
low incidence of consanguineous marriage e.g. Europe
[52]. In Iran, three main areas of prevention and control
of hereditary metabolic diseases for PKU include NSB
for this disease, selected one-stop clinics and pre-
marriage screening program. Therefore, one can say that
Iran’s national programs regarding pre-marriage genetic
counseling have not been effective in reducing PKU.

This study has several strengths: 1) A comprehensive
search strategy was used in this study to maximize the
possibility of identifying all relevant literature and even
gray literature; 2) All research steps were conducted in-
dependently by two researchers, and disagreements were
resolved by group discussion, 3) To obtain additional in-
formation and to make decisions about duplicate publi-
cation, we contacted the authors of the studies, 4) In
cases where heterogeneity was significant, the random
effects model was used to integrate data to provide a
conservative estimate and on the other hand, subgroup
analysis and meta-regression model were used to find
the cause of heterogeneity and publication bias, and 5)
We excluded studies on certain patients such as men-
tally retarded patients or studies with non-random sam-
ple and the resulting estimate can be generalized to the
total population.

The limitations of the present study include the
limitation of Iranian databases in combined search. In
addition, there was a high heterogeneity among
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studies that investigated the prevalence of suspected
HPA and PKU, and based on the available data, we
were only able to do subgroup analysis based on geo-
graphical regions and provinces, which was signifi-
cant. Therefore, the differences between studies can
be attributed to these issues. However, it seems that
more important issues such as differences in the per-
centage of consanguineous marriages and genetic dif-
ferences between different populations of Iran (given
that Iran includes various ethnic groups) may also be
the reason for differences between studies. It was not
possible to address these issues in this study. Other
studies including the study of Hardelid et al. in Eng-
land showed that the prevalence of PKU is lower
among the Sub-Saharan Africans and South Asians
who migrated to England [51]. Studies in other Euro-
pean countries showed that the increased incidence of
PKU may be due to new mutations in this disease
and migration of people of different races to their
country [52].

Conclusions

The prevalence of PKU in Iran was estimated to be 16.6/
100,000 or 1/6.024. Due to ethnic and demographic
similarities in Iran, we may also expand our results and
estimates to Iranians living in other countries. It should
be considered that for phenylketonuria there is a highly
effective dietary treatment which can prevent the clinical
symptoms of phenylketonuria if initiated early after de-
tection by newborn screening.
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