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Abstract:

Background: PKU is the most common hereditary metabolic disease. Considering the severe complications caused
by the lack of timely diagnosis of this disease, it is important to carry out the newborn screening process properly.

Aim: This study aims to determine the incidence of phenylketonuria (PKU) based on the results of the neonatal
screening program and evaluate the indicators of this program in Sirjan City from 2012 to 2019.

Methods: The present study was across-section descriptive, and all screening babies were examined from 2012 to
2019. Screening information was obtained from data recorded in the neonatal screening program and patient
information from the national form of epidemiological investigation of genetic diseases in the Kerman Health
Department. Excel software was used to draw charts. Descriptive statistics were used to describe the variables.
Information was provided as a frequency table and chart.

Results: The overall screening coverage was 95.3%. Among this, 93.2% of infants were screened during the 3 to 5
days of life. The incidence of PKU was found to be 1.33 in 10,000 live births. Around 0.44% of the samples were
inappropriate, and the percentage of inappropriate samples was from the beginning of the program and monitored
across each year. On the first visit to the PKU treatment center, 50% of infants were below 2 weeks. About 100% of
patients identified in screening were the first child in the family, and around 83.3% of parents were consanguineous.

Conclusion: The incidence of PKU in Sirjan is in line with the national average. Implementation of the screening
program showed a significant impact on the timely diagnosis and the onset of patients. It is necessary to increase
household awareness about the consequences of consanguineous marriages, especially in areas with a high
prevalence of PKU.
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1. INTRODUCTION

PKU, a metabolic disorder, is inherited in an autosomal
recessive manner [1]. PKU is a disorder where the body
lacks the enzyme phenylalanine hydroxylase. This enzyme
is needed to convert the amino acid phenylalanine into
tyrosine. Without this enzyme, the level of phenylalanine
in the body rises, leading to issues in normal metabolism
and potential brain damage [2]. The child who is affected
starts off being submissive from birth. If the child is not
identified and treated, it leads to the development of
neuronal issues and will gradually worsen over time [3, 4].
Today, within the initial days after a baby is born,
individuals with PKU are diagnosed through a screening
test. This test involves taking a few drops of blood from
the baby's heel and measuring the level of phenylalanine
present [5, 6].

The primary treatment for this disease involves
following a suitable diet with restricted phenylalanine
intake under the guidance of a nutritionist. This dietary
adjustment, implemented during the first two weeks of
life, helps to mitigate the effects of the disease and
promotes normal growth and development [7, 8].

According to the conducted studies, the occurrence of
this disease varies among countries. In Thailand, the
lowest recorded incidence of this disease is 1 in every
327,740 live births [9], and the highest incidence is 1 in
2600 live births in Turkey [10]. PKU is also recognized as
the most frequently inherited metabolic disease in Iran
[11, 12]. The occurrence of this disease is estimated to be
1 in every 7000 live births across the entire country [12].
Due to the high occurrence of marriages with in the
family, this field has one of the highest recorded statistics
[13]. According to a study conducted in Iran, it was found
that 71% of the families with PKU patients mainly due to
consanguineous marriage [14]. Studies conducted in Iran
have reported different incidences of this disease [15-17].
The prevention and control program for PKU was
introduced in Iran in 2007 with the aim of reducing the
impact of this disease [18, 19].

There are strategies to tackle PKU, such as offering
complete clinical services at PKU treatment centers,
providing genetic counseling, and supporting the parents
and relatives of patients who are at risk to decrease the
number of people affected by PKU. Due to limited
laboratory resources in the entire country, newborn
screening for early detection of the disease was initially
available only at six universities. However, starting from
2012, it was gradually expanded to the entire country,
including the province of Kerman. This expansion was
necessary to ensure standardized clinical services were
available [20]. In order to prevent serious complications
caused by delayed diagnosis of a disease, it is crucial to
ensure that the newborn screening process is carried out
with high quality. To achieve this, it is necessary to review
the performance indicators of the screening program and
identify any potential reasons for not achieving the desired
goals. By understanding the current situation, appropriate
interventions can be implemented promptly. This study
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was conducted to determine the occurrence of PKU and
assess the indicators of newborn screening programs in
the population served by the Kerman University of Medical
Sciences.

2. METHODS AND MATERIALS

This cross-sectional retrospective study was conducted
to examine the health system and newborn screening from
2012 to 2019. The researchers obtained permission from
the ethics committee of the Kerman University of Medical
Sciences Research Deputy. They collected information is
mainly based on the data obtained during newborn
screening. The patients' details were extracted from the
national form of the epidemiological investigation of
genetic diseases. It contains information on the patients'
gender, date of birth, and the condition of their physical
siblings. The form was completed by an expert from the
genetics program at the Sirjan Health Center and
approved by the genetics program expert from the Kerman
Health Department. The information was gathered from
the patients' family, genetic files, household health files,
and patient treatment files at the PKU treatment center.

This study focused on Iranian patients who were
treated at the PKU treatment center, and the disease was
confirmed by a pediatrician based on the HPLC analysis.
To ensure privacy, only the first author of the article had
access to the epidemiological survey forms. The incidence
rate was calculated using the number of live births
obtained from the Civil Registry website.

The following formula was used to calculate the
incidence rate:

The number of positive hospital cases identified from
newborn screening/living birth in the same year *10,000.

Excel software was used to draw graphs. Descriptive
statistics were used to describe the variables. The
information was presented in the form of frequency tables
and graphs.

2.1. Newborn Screening Process

The screening test for newborns is conducted between
the third day (72 hours after breastfeeding) to the fifth day
after birth, provided that the baby has been adequately
fed. To perform the test, 5 drops of blood were taken from
the baby's heel on 903 Whatman filter paper, as instructed
by the guidelines followed in the country. The amount of
phenylalanine in the blood was then determined using the
calorimetric method. If the level of phenylalanine was high
(more than 4 mg/dL), it was considered a positive
screening result. To further confirm, the test was
conducted using the high-performance liquid chroma-
tography (HPLC) method after taking another blood
sample on filter paper. This sample was then sent to an
approved laboratory. If the phenylalanine level, as
determined by the HPLC method, was equal to or greater
than 3.4 mg/dL, it was considered a positive confirmation
result. These individuals were then referred to a
specialized PKU hospital in the center of the province.
Only after a specialist doctor confirmed the diagnosis
through further tests (like what), the individuals were
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officially recognized as confirmed patients.

3. RESULTS

A total of 44,791 newborns were included in this study,
of which 42,686 (95.3%) underwent screening during 2012
- 2019. Out of the screened infants, 39,802 (93.2%)
participated in the screening program within 3 to 5 days of
birth. The phenylalanine level of 42,651 (99.9%) newborns
in the screening test was found to be less than 4 mg/dL.
However, 35 babies had a positive screening result and
were re-tested. After measuring the phenylalanine level
using the HPLC method, 7 babies were confirmed to have
PKU and were referred to a treatment center.

Additionally, 6 babies were diagnosed with PKU based
on the opinion of a pediatrician. The incidence rate of PKU
was found to be 1.33 per 10,000 live births. The results of
the newborn screening and the incidence rate can be seen
in Table 1.

A total of 1753 babies, which accounts for 4.10% of the
total, required resampling. Out of these, 1563 babies
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(89.1%) were re-sampled due to special conditions, such
as dialysis, while 190 babies (10.8%) were rejected
because the initial samples were inappropriate. The
reasons for the inappropriate samples included
transfusion, exchange, lack of feeding with milk or feeding
with substances, low protein, and other medical reasons.
In total, 0.44% of the samples were deemed inappropriate.
Fig. (1) illustrates the decreasing trend of the percentage
of inappropriate samples over time, starting from the
integration of the program until the time of the study. For
cases where the HPLC test showed levels higher than 3.4
mg/dL in 3 infants (50%), the first visit to the selected
hospital occurred within the first 2 weeks of their lives
(Fig. 2). All parents of these infants who showed elevated
levels of phenylalanine were referred to the genetic
counseling center. Additionally, 100% of the patients and
their parents were referred to health service centers and
received ongoing care. It is worth noting that all of the
patients identified in the screening were the first children
in their respective families, and 83.3% of the patients'
parents were relatives.

2015 2016 2017 2018 2019
0.193 0.01 0 0 0
77 4 0 0 0

Fig. (1). The trend of the percentage of unsuitable samples from 2012 to 2019 in Sirjan.

Table 1. Neonatal screening results and incidence rates for PKU Sirjan from 2012 to 2019.

Date | Newborns Number of Number of Phenylalanine Levels Phenylalanine Levels Number Incidence
Newborns Newborns (At Screening) (At Diagnosis of in 10000
Screened Screened during Confirmation) Patients | live Births
(Percentage) first 3 to 5 Days
(Percentage) <4 4-19.9 =20 | <3.4 | 3.4-19.9 =20
mg/dl mg/dl | mg/dl | mg/dl| mg/dl mg/dl
2012 5533 3935(71.1) 3811(96.8) 3928 7 0 7 0 0 0 0
2013 5852 5621(96) 5517(98.1) 5613 7 1 5 0 3 3 5.12
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Date | Newborns Number of Number of Phenylalanine Levels Phenylalanine Levels Number | Incidence
Newborns Newborns (At Screening) (At Diagnosis of in 10000
Screened Screened during Confirmation) Patients | live Births
(Percentage) first 3 to 5 Days
(Percentage) <4 4-19.9 | =20 | <3.4 | 3.4-19.9 =20
mg/dl mg/dl | mg/dl [ mg/dl| mg/dl mg/dl
2014 5971 5758(96.4) 5566(96.6) 5756 2 0 2 0 0 0 0
2015 6147 6065(98.6) 5612(92.5) 6062 2 1 2 0 1 1 1.62
2016 5936 5850(98.5) 5633(96.3) 5846 4 0 3 1 0 0 0
2017 5316 5334(100.3) 5181(97.1) 5332 2 0 2 0 0 0 0
2018 5220 5228(100.1) 4090(78.2) 5224 4 0 3 0 1 1 1.91
2019 4816 4895(101.6) 4392(89.7) 4890 5 0 4 0 1 1 2.07
Total 44791 42686(95.3) 39802(93.2) 42651(99.9) 33 2 28 1 6 6 1.33
Sales

= before 14 days

= 15-21 days

= 22-28 days

Fig. (2). The first visit of patients identified in the screening program to the PKU treatment center based on neonate's age in Sirjan.

4. DISCUSSION

The purpose of this study was to investigate how
common PKU is and assess the effectiveness of the
newborn screening program in Sirjan City. The study
analyzed data from the start of the screening program
until 2019.

According to the results of this study, 95.3% of infants
participated in the screening program. Similar studies,
including Ganji et al. in Chaharmahal Bakhtiari (100%)
[21], Saadat Nasab et al. in South Khorasan (100%) [22],
Rezabigi et al in Kerman (92%) [23], and Mahmoudi et al
in Tehran (91.4%) [24], have reported that infants
participated in newborn screening programs with different
percentages. Also, Brazil, China, and Iraq have reported
screening rates of 94.5%, 93.5%, and 71.7% [25, 26].
Interpreting these different findings in screening coverage
in different studies can point to differences in parental
literacy and awareness levels, ongoing parental education

by the health system about the importance of infant
screening, and different years of conducting these
screenings.

In the current study, the screening rate was 71.1% in
the program integration year and 101.6% at the time of
the study. One of the reasons for the low screening
coverage in the first year of the implementation of this
program is that this screening program started in the
fourth month of the year. Therefore, infants who were
born before that date were not included in screening, and
the high rate of screening in subsequent years indicates
the active participation of parents in newborn screening
programs. The proximity of several villages in other cities
to Sirjan and household preferences for choosing the
closest city for neonatal sampling may have influenced the
high proportion of newborns tested in the final year of the
study, which is consistent with the results of Carvalho et
al. In Brazil, the testing rate increased from 54% in 2001
to 80.2% in 2005 [27]. A study conducted in Iraqg found
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that coverage for newborn screening increased from 61%
in the year the program started to 73.3% at the time of the
study [28]. In this study, there was an increase in the
number of people screened in the subsequent years
compared to the start of the program, but this increase in
the number of people screened was less than the number
of people screened in our study. In the interpretation of
this finding of the current research, it can be pointed out
that in Iran, awareness sessions are held for all pregnant
women in the last months of pregnancy, focusing on
newborn screening after the birth of the baby. This matter
probably had an effect on increasing the number of
screenings.

In this study, 93.2% of infants aged 3 to 5 years were
tested. Timely screening decreased from program
initiation to the time of study. Therefore, it has dropped
from 96.8% at the time of program integration to 89.7% in
2019. In a study by Rezabigi et al., 80% of infants were
tested with Kerman at the time. Although the percentage
of timely screening was lower compared to the present
study, contrary to this study, screening on the 3rd to 5th
day of birth had an increasing trend [23]. According to the
findings of the current research, it can be concluded that
it is necessary to give parents the necessary training
regarding the importance of timely screening. In this
study, all the positive screening cases were tested for
confirmation of the diagnosis, and there was no case of
parental non-cooperation or failure to respond to an
urgent call from the health center. In a study conducted in
Iraq, 681 infants in the screening program for PKU,
hypothyroidism, and galactosemia were reported to be
positive, and 25 families were not informed to perform the
confirmation test due to the lack of response to the phone
call or the wrong phone number, and 238 families within
the presence of information, they did not participate in the
confirmation test [28] and the severe complications of
these diseases. In addition to receiving several safe
contact numbers, it is necessary to obtain the address of
the parents so that in case of non-response, they can be
actively followed up and the opportunity for timely
diagnosis and treatment is not lost for any baby. Also, in
order to increase the willingness of all families in the test
to confirm the diagnosis, the necessary training should be
provided to the families regarding the importance of
diagnosing these diseases. Therefore, it is necessary to
raise public awareness about the importance of screening
at the community level.

In this study, 0.44% of the samples were not accepted,
and all infants whose samples could not be tested were
asked to be resampled. Because of the agency's sensitivity
at the start of the screening program, the proportion of
ineligible samples was small in the first few years, but
most of the ineligible samples were associated with the
middle years of program implementation, and thereafter
percentage decreased to zero in 2017. It is possible that
the number of inappropriate samples increased during his
second and third years of the program because the
sampler who received the necessary training early in the
program transferred to other departments. Given the

confidential nature of this program, the use of experienced
samplers and ongoing training ensured no inappropriate
samples were taken. This research finding shows that the
method of sampling and the use of experienced samplers
are among the important things in the PKU screening
program. Therefore, the use of experienced and trained
samplers can increase the accuracy of screening. In a
study conducted in Kerman, he reported an unfit sample
rate of 0.34%. According to national guidelines, the
average improper sampling across Iran is 1.31%, and the
expected volume of improper sampling is estimated to be
less than 3% [29]. This indicates that this metric is
desirable in this and the above studies.

In this study, 83% of patients were identified and
referred to a PKU treatment center before 3 weeks of age.
In a study by Rezabeighi et al., 61% of affected infants
were identified before 3 weeks of age and referred to a
PKU treatment center [23]. Implementation of screening
programs in Iran has impacted the early detection and
treatment of patients with PKU. Prior to the introduction
of screening programs, patients were older, under-
diagnosed, and most had severe complications. For
example, in a study in Mazandaran, the median age of
diagnosis for patients before the integration of the
newborn screening program was 20 months [30], whereas
in Mexico, the age of diagnosis for patients without a
newborn screening program was 20 years. Met. 2 years
and 8 months [31].

In this investigation, the frequency of PKU was
determined to be 1.33 per ten thousand live births.
Rezabeighi et al. conducted a study in Kerman City, where
the incidence rate was found to be 1.35 in ten thousand
live births [23]. Similarly, Taj-Aldeen et al. conducted a
study in Irag, where the incidence rate was 1.3 in 10,000
live births [28]. These findings are in agreement with the
results of the present study. According to recent reports
from medical sciences universities throughout the country,
the national average incidence of PKU is 1.23 per 10,000
births [32]. However, this figure has been reported
differently in various studies. For instance, Motamedi et
al. reported an incidence rate of 1.91 per 10,000 live
births in Lorestan [33], while Abbas Khanian reported a
rate of 0.66 per 10,000 live births in Mazandaran [34].
This difference in the findings can be related to the
different time and geographic locations in sampling, as
well as cultural issues and the level of parents' awareness
of the importance of screening and participation in the
screening program.

In the current investigation, it was observed that in
certain years under study, the incidence of PKU was
reported to be zero. This issue can be attributed to the
implementation of the prevention program in Iran in 2007.
This prevention program included the identification of
carrier couples, prenatal diagnosis tests, and abortion
treatment, which ultimately led to accurate screening for
PKU and a reduction in the rate of PKU. Daneshi et al.
demonstrated in their research that the average expected
incidence rate in Kerman was 1.36 patients per ten
thousand births without the implementation of the
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prevention program, which was reduced to 1.13 per ten
thousand births with the program [23]. All the patients
identified in the screening were the first child of the
patient in the family. In a way, the prenatal screening
program for PKU has been able to prevent the birth of
another sick child in families with a patient with PKU by
identifying carrier couples. Daneshi et al.'s study revealed
that 97% of the patients born in Kerman after the
integration of the prevention and control program in the
health system were the first child of the patient in the
family, and their parents were unaware of their condition
until then [23]. Therefore, considering the challenges
related to the care of these patients, it can be concluded
that the health service providers have explained the
importance of the screening program to the parents. The
result of this awareness has been more cooperation among
parents in identifying patients in the newborn screening
program and using screening services during pregnancy.
The present study found that 83.3% of the patients'
parents were consanguineous, which is consistent with
other studies conducted in Iran [13, 19, 35, 36]. A
systematic review conducted by El-Metwally revealed that
most of the parents of PKU patients in Arab countries
were consanguineous [37]. In the Vela-Amieva study in
Mexico, only 2 out of the 50 families of PKU patients were
consanguineous [31].

CONCLUSION

The coverage of screening within the population under
coverage was found to be favorable. However, there was a
decreasing trend in performing the screening on time,
which necessitates special attention and interventions to
increase this index. The implementation of the newborn
screening program within the healthcare system has had a
significant impact on the timely diagnosis and treatment of
patients. The percentage of inappropriate samples was
lower than the national average. Within this study, it was
observed that a majority of the PKU incidence in Sirjan
city is mainly due to consanguinity. It is important to note
that carrier couples are unaware of their status until the
birth of their first child with the disease. Therefore,
increasing awareness among families regarding
consanguineous marriages, particularly in areas with a
high prevalence of PKU, can significantly help in
controlling PKU.

LIMITATIONS OF THE STUDY

Considering that secondary data are used in this study,
the data are based on current reports and contents
recorded in the system, and the researcher does not have
much power to control the quality of the information in the
collection process, so it is possible that the information
collected especially in the screening part is not accurate.
Also, it was not possible to describe the screening data
based on gender, place of residence, and the reason for re-
screening based on the specific conditions of the baby.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

This article reports the results of a research project

Rezabeigi-Davarani et al.

approved by Kerman University of Medical Sciences with
the code of ethics (IR.KMU.REC.1398.553).

HUMAN AND ANIMAL RIGHTS

No animals were used for studies that are the basis of
this research. All human procedures followed were per the
guidelines of the Helsinki Declaration of 1975.

CONSENT FOR PUBLICATION

In order to comply with ethical considerations in this
research, the information of the participants was kept
confidential, and other people were not able to access this
information. The names and surnames of the participants
were not used for data collection, and data collection was
done after obtaining the code of ethics from the Kerman
University of Medical Sciences.

STANDARDS OF REPORTING
STROBE guideline has been followed.

AVAILABILITY OF DATA AND MATERIALS

The data that support the findings of this study are
available from the corresponding author [S.D] upon
reasonable request.

FUNDING

This research was done with the financial support of
Kerman University of Medical Sciences, Funder ID.
1398.553, Awards/Grant number. 1398.553.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

This article is the result of the research project
approved by the Vice-Chancellor of Research and
Technology of Kerman University of Medical Sciences, for
which we are deeply grateful. We thank and appreciate
the cooperation of the health department of Kerman
University of Medical Sciences and the staff of the genetic
counseling center.

REFERENCES

[1] Sumaily KM, Mujamammi AH. Phenylketonuria: A new look at an
old topic, advances in laboratory diagnosis, and therapeutic
strategies. Int J Health Sci 2017; 11(5): 63-70.

PMID: 29114196

[2] Sailer M, Elizondo G, Martin J, Harding CO, Gillingham MB.
Nutrient intake, body composition, and blood phenylalanine
control in children with phenylketonuria compared to healthy
controls. Mol Genet Metab Rep 2020; 23: 100599.
http://dx.doi.org/10.1016/j.ymgmr.2020.100599 PMID: 32420034

[3] Harding CO. Progress toward cell-directed therapy for
phenylketonuria. Clin Genet 2008; 74(2): 97-104.
http://dx.doi.org/10.1111/1.1399-0004.2008.01027.x PMID:
18498375

[4] Trefz FK. Efficacy of sapropterin dihydrochloride in increasing
phenylalanine tolerance in children with phenylketonuria: A phase
111, randomized, double-blind, placebo-controlled study. J Pediat
2009; 154(5): 700-.
http://dx.doi.org/10.1016/j.jpeds.2008.11.040


http://www.ncbi.nlm.nih.gov/pubmed/29114196
http://dx.doi.org/10.1016/j.ymgmr.2020.100599
http://www.ncbi.nlm.nih.gov/pubmed/32420034
http://dx.doi.org/10.1111/j.1399-0004.2008.01027.x
http://www.ncbi.nlm.nih.gov/pubmed/18498375
http://dx.doi.org/10.1016/j.jpeds.2008.11.040

Results of the Neonatal Screening Program

(51

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Mo X, Li Y, Tang A, Ren Y. Simultaneous determination of
phenylalanine and tyrosine in peripheral capillary blood by HPLC
with ultraviolet detection. Clin Biochem 2013; 46(12): 1074-8.
http://dx.doi.org/10.1016/j.clinbiochem.2013.05.047 PMID:
23711957

Dave Usha P, Das Bibhu R. Newborn screening - From ‘Guthrie
age to Genomic age’. ] Obstet Gynaecol India 2010; 60(3): 210-4.
http://dx.doi.org/10.1007/s13224-010-0028-x

MacDonald A, Rocha JC, van Rijn M, Feillet F. Nutrition in
phenylketonuria. Mol Genet Metab 2011; 104(Suppl.): S10-8.
http://dx.doi.org/10.1016/j.ymgme.2011.08.023 PMID: 21944460
MacDonald A. PKU dietary handbook to accompany PKU
guidelines. Orphanet J Rare Dis 2020; 15(1): 1-21.

PMID: 31900176

Pangkanon S, Charoensiriwatana W, Janejai N, Boonwanich W,
Chaisomchit S. Detection of phenylketonuria by the newborn
screening program in Thailand. Southeast Asian ] Trop Med
Public Health 2009; 40(3): 525-9.

PMID: 19842439

Khemir S, El Asmi M, Sanhaji H, et al. Phenylketonuria is still a
major cause of mental retardation in Tunisia despite the
possibility of treatment. Clin Neurol Neurosurg 2011; 113(9):
727-30.

http://dx.doi.org/10.1016/j.clineuro.2011.07.016 PMID: 21862209
Rastegar Moghadam M, Shojaei A, Babaei V, Rohani F, Ghazi F.
Mutation analysis of Phenylalanine hydroxylase gene in Iranian
patients with Phenylketonuria. Med J Islam Repub Iran 2018;
32(1): 119-23.

http://dx.doi.org/10.14196/mjiri.32.21 PMID: 30159272

Motamedi N. Incidence of phenylketonuria in Lorestan province,
West of Iran (2006-2016). Int J Pediatr 2017; 5: 4713-21.

Esfahani MS, Vallian S. A comprehensive study of phenylalanine
hydroxylase gene mutations in the Iranian phenylketonuria
patients. Eur J Med Genet 2019; 62(9): 103559.
http://dx.doi.org/10.1016/j.ejmg.2018.10.011 PMID: 30389586
Senemar S. Epidemiological and clinical study of Phenylketonuria
(PKU) disease in the National Screening Program of Neonates,
Fars province, Southern Iran. Iran J Public Health 2009; 38(2):
58-64.

Shoraka HR. Global prevalence of classic phenylketonuria based
on Neonatal Screening Program Data: Systematic review and
meta-analysis. Clin Experimen Pedia 2020; 63(2): 34.
http://dx.doi.org/10.3345/kjp.2019.00465

Zare-Karizi S, Hosseini-Mazinani SM, Khazaei-Koohpar Z, et al.
Mutation spectrum of phenylketonuria in Iranian population. Mol
Genet Metab 2011; 102(1): 29-32.
http://dx.doi.org/10.1016/j.ymgme.2010.09.001 PMID: 20920871
Pourfarzam M, Zadhoush F. Newborn screening for inherited
metabolic disorders; news and views. ] Res Med Sci 2013; 18(9):
801.

Keyfi F, Nasseri M, Nayerabadi S, Alaei A, Mokhtariye A, Varasteh
A. Frequency of inborn errors of metabolism in a Northeastern
Iranian sample with high consanguinity rates. Hum Hered 2018;
83(2): 71-8.

http://dx.doi.org/10.1159/000488876 PMID: 30036870

Heidari A, Arab M, Etemad K, Damari B, Kabir MJ. challenges of
implementation of the national phenylketonuria screening
program in Iran: A qualitative study. Electron Phys 2016; 8(10):
3048-56.

http://dx.doi.org/10.19082/3048 PMID: 27957302
Khayatzadeh-Mahani A, Fotaki M, Harvey G. Priority setting and
implementation in a centralized health system: A case study of
Kerman province in Iran. Health Policy Plan 2013; 28(5): 480-94.
http://dx.doi.org/10.1093/heapol/czs082 PMID: 23002248

Ganji F, Naseri H, Rostampour N, Sedighi M, Lotfizadeh M.
Assessing the phenylketonuria screening program in newborns,

[35]

Iran 2015-2016. Acta Med Iran 2018; 56(1): 49-55.

PMID: 29436795

Saadatinasab Z, Sharifzadeh G. Incidence of phenylketonuria in
southern khorasan (2012- 2014). J Birjand Univ Med Sci 2015;
22(3): 266-72.

Daneshi S. Incidence of phenylketonuria and the effect of
prevention national program on reducing its incidence in the
population covered by Kerman University of Medical Sciences
during 2007-2020. Majallah-i Zanan, Mamai va Nazai-i Iran 2022;
24(13): 59-69.

Mahmoudi F. Causes of inadequate coverage of screening
programs for congenital diseases in infants born in north health
center area, Tehran. Hakim Res ] 2013; 15(4): 281-7.

Magalhaes PKR, Turcato MF, Angulo IL, Maciel LMZ. Programa
de triagem neonatal do hospital das clinicas da faculdade de
medicina de ribeirdo preto, universidade de sao paulo, Brasil. Cad
Saude Publica 2009; 25(2): 445-54.
http://dx.doi.org/10.1590/S0102-311X2009000200023
19219252

Xiang L, Tao J, Deng K, et al. Phenylketonuria incidence in China
between 2013 and 2017 based on data from the Chinese newborn
screening information system: A descriptive study. BM] Open
2019; 9(8): e031474.
http://dx.doi.org/10.1136/bmjopen-2019-031474 PMID: 31444193
Vieira Neto E, Maia Filho HS, Monteiro CB, et al. Quality of life
and adherence to treatment in early-treated Brazilian
phenylketonuria pediatric patients. Braz J] Med Biol Res 2018;
51(2): e6709.

http://dx.doi.org/10.1590/1414-431x20176709 PMID: 29267500
Taj-Aldeen FM. Assessment of Neonatal Screening Program
within Five years in Holy Karbala Governorate. University of
Kerbala 2018.

Davarani ER. Assessing the phenylketonuria (PKU) neonatal
screening program and the incidence rates of PKU in Kerman
County, Iran: A health system research. ] Pediat Neonat Individual
Med 2022; 11(2): €110217-7.

Eshraghi P. Evaluation of nutritional status and growth in
phenylketonuria patients in mazandaran province Iran. Majallah-i
Danishgah-i Ulum-i Pizishki-i Babul 2011; 13(5): 58-62.
Vela-Amieva M, Ibarra-Gonzalez I, Ferndndez-Lainez C, et al.
Causes of delay in referral of patients with phenylketonuria to a
specialized reference centre in Mexico. ] Med Screen 2011; 18(3):
115-20.

http://dx.doi.org/10.1258/jms.2011.011028 PMID: 22045819
Samavat A, Hajizadeh F. A report on the results of the
phenylketonuria prevention and control program. Tehran 2016.
Zafar Mohtashami A, Khodadadi F, Motamedi N. Epidemiologic
study of phenylketonuria disease in lorestan province. Yafte 2016;
18(3): 5-11.

Abbaskhanian A, Zamanfar D, Afshar P, et al. Incidence of
neonatal hyperphenylalaninemia based on high-performance
liquid chromatography confirmatory technique in mazandaran
province, Northern Iran (2007-2015). Int ] Prev Med 2017; 8: 93.
PMID: 29184644

Etemad K, Heidari A, Setoodeh A, et al. Health-related quality of
life of parents of children with phenylketonuria in Tehran
Province, Islamic Republic of Iran. East Mediterr Health J 2020;
26(3): 331-9.

http://dx.doi.org/10.26719/emhj.19.045 PMID: 32281643
Morovatdar N. The epidemiological and clinical study of
Phenylketonuria (PKU) patients in Khorasan, North-eastern Iran.
Iran J Neonatol 2015; 6(1): 19-22.

El-Metwally A. The prevalence of phenylketonuria in Arab
countries, Turkey, and Iran: A systematic review. BioMed Res Int
2018; 2018: 7697210.

http://dx.doi.org/10.1155/2018/7697210

PMID:


http://dx.doi.org/10.1016/j.clinbiochem.2013.05.047
http://www.ncbi.nlm.nih.gov/pubmed/23711957
http://dx.doi.org/10.1007/s13224-010-0028-x
http://dx.doi.org/10.1016/j.ymgme.2011.08.023
http://www.ncbi.nlm.nih.gov/pubmed/21944460
http://www.ncbi.nlm.nih.gov/pubmed/31900176
http://www.ncbi.nlm.nih.gov/pubmed/19842439
http://dx.doi.org/10.1016/j.clineuro.2011.07.016
http://www.ncbi.nlm.nih.gov/pubmed/21862209
http://dx.doi.org/10.14196/mjiri.32.21
http://www.ncbi.nlm.nih.gov/pubmed/30159272
http://dx.doi.org/10.1016/j.ejmg.2018.10.011
http://www.ncbi.nlm.nih.gov/pubmed/30389586
http://dx.doi.org/10.3345/kjp.2019.00465
http://dx.doi.org/10.1016/j.ymgme.2010.09.001
http://www.ncbi.nlm.nih.gov/pubmed/20920871
http://dx.doi.org/10.1159/000488876
http://www.ncbi.nlm.nih.gov/pubmed/30036870
http://dx.doi.org/10.19082/3048
http://www.ncbi.nlm.nih.gov/pubmed/27957302
http://dx.doi.org/10.1093/heapol/czs082
http://www.ncbi.nlm.nih.gov/pubmed/23002248
http://www.ncbi.nlm.nih.gov/pubmed/29436795
http://dx.doi.org/10.1590/S0102-311X2009000200023
http://www.ncbi.nlm.nih.gov/pubmed/19219252
http://dx.doi.org/10.1136/bmjopen-2019-031474
http://www.ncbi.nlm.nih.gov/pubmed/31444193
http://dx.doi.org/10.1590/1414-431x20176709
http://www.ncbi.nlm.nih.gov/pubmed/29267500
http://dx.doi.org/10.1258/jms.2011.011028
http://www.ncbi.nlm.nih.gov/pubmed/22045819
http://www.ncbi.nlm.nih.gov/pubmed/29184644
http://dx.doi.org/10.26719/emhj.19.045
http://www.ncbi.nlm.nih.gov/pubmed/32281643
http://dx.doi.org/10.1155/2018/7697210

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. METHODS AND MATERIALS
	2.1. Newborn Screening Process

	3. RESULTS
	4. DISCUSSION
	CONCLUSION
	LIMITATIONS OF THE STUDY
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


