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Abstract:
Aim:
The aim of the study was to evaluate the results of the screening program for phenylketonuria in the South East of Iran during the years 2014-2020.

Background:
Screening and timely treatment of neonatal phenylketonuria can prevent the irreversible complications of the disease. Therefore, screening is
essential during the early days post birth.

Methods:
This cross-sectional (descriptive analytical) study was conducted by census sampling method in the south of Iran during the years 2012-2019. Of
110,073 babies born in 7 cities affiliated with Jiroft University of Medical Sciences, 105,778 (96.09%) babies were screened. Data analyses and
statistical analyseswas completed using SPSS software version 24. Descriptive statistics was used to calculate the frequency and prevalence of the
disease using the formula of the number of new cases of the disease divided by the population at risk each year.

Results:
The highest percentage of timely screening (87.82%) was related to Jiroft city. 221 babies initially tested positive and resampling was completed.
After measuring the level of phenylalanine by the HPLC method, 12 babies were referred to the phenylketonuria treatment center as a positive
confirmation of the diagnosis. They were treated with the opinion of a pediatrician as a definite positive for phenylketonuria. The incidence of
phenylketonuria was 1.09 per 10,000 live births. The highest incidence was related to South Roudbar (1.81 per 10 thousand live births) and Jiroft
(1.58 per 10 thousand live births) cities, respectively.

Conclusion:
Since evaluating any health-related program requires a rigorous data collection system, more attention must be taken to record the data needed to
evaluate the program.
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1. INTRODUCTION
Phenylketonuria  is  an  autosomal  recessive  genetic

metabolic  disease  caused  by  a  defect  in  the  enzyme
phenylalanine  hydroxylase,  which  converts  phenylalanine  to
tyrosine [1]. Accumulation of phenylalanine causes problems
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in  the  body's  natural  metabolism  and  delays  in  a  person's
cognitive,  personal,  social,  and  motor  development  [2].  The
most  obvious  clinical  manifestation  of  this  disease  is  severe
mental  retardation.  Other  symptoms  of  this  disease  include
hyperactivity, epilepsy, defects in skin and hair pigments, and a
small head circumference with a prominent upper jaw [3]. The
affected child is normal at birth, and if he is not treated, his IQ
will  decrease  by  four  points  per  month,  and  he  will  lose  50
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points in the first year [4].

In 1934, Asborn identified phenyl pyruvic acid in the urine
of  mentally  disabldisabled children [5],  a  year  later,  Penrose
named  this  condition  phenylketonuria  [6].  Based  on  studies
conducted,  the  incidence  of  the  disease  varies  in  different
countries, such that the lowest incidence of the disease is 1 in
327,740 births in Thailand [7], and the highest incidence is 1 in
2600 in Turkey [8]. According to studies, the incidence of PKU
in various regions of  Iran has been reported as  ranging from
0.66  per  10,000  [9]  to  1.91  per  10,000  live  births  [10]
According  to  the  latest  report  of  the  Ministry  of  Health,  the
incidence of the disease is calculated as one in 6000 live births
for the whole country [11]. Researchers have stated the most
important  reason  for  the  high  incidence  of  the  disease  is  the
high  frequency  of  consanguine  marriages  [12].  In  studies
conducted  in  various  regions  of  Iran,  most  of  PKU patients’
parents had a consanguineous marriage [10, 13 - 15].

In  the  early  1960s,  Guthrie  introduced  Guthrie's  test  to
measure  the  blood  level  of  phenylalanine  [16].  Diagnosis  of
this disease in its early stages is done through a screening test.
In some developed countries, more than 50 years have passed
since  the  commencement  of  screening  programmes  for  this
disease  [17].  Prior  to  the  commencement  of  screening
programs, early diagnosis of the disease was delayed due to the
non-specificity of  the symptoms in the first  days of  life,  and
this issue was associated with the loss of IQ to varying degrees
[18].

Today, in the first few days following birth, patients with
phenylketonuria are diagnosed using a screening test. During
the screening stage, just a few drops of blood are taken from
the baby's heel, by performing the test hidden cases in babies
can  be  identified  [19].  Appropriate  treatment  of  newborns,
which mainly includes nutritional therapy during the first two
weeks  of  life,  changes  the  consequences  of  the  disease  and
leads to normal growth and development in the newborn [20].

Phenylketonuria,  by  causing  mental  and  physical
complications,  in  addition  to  affecting  the  quality  of  life  of
patients,  imposes  a  significant  economic,  social,  and
psychological  burden  on  the  patient's  family  and  a  large
financial  burden  on  the  health  system [21].  This  disease  has
been mentioned as one of the problems of the health system,
which  has  led  health  system  administrators  to  implement
appropriate solutions to reduce the burden of this disease [22].

Considering the social and economic burden caused by the
birth of patients with fetal abnormalities and genetic diseases,
laws  and  regulations  were  established  in  Iran  to  prevent  the
occurrence  of  these  diseases,  and  it  is  possible  to  issue  an
abortion  license  before  the  20th  week  of  pregnancy  [23].
Considering that the diagnosis of phenylketonuria is possible in
the  first  months  of  pregnancy  [24],  the  prognosis  of  these
patients depends on the control of the disease in the first years
of life, especially the first four years [25].

Patients  with  phenylketonuria,  like  other  hereditary
metabolic diseases, should be monitored in a special clinic for
metabolic diseases under the supervision of a team consisting
of  nutritionists,  pediatricians,  psychologists,  social  workers,
and  nurses,  and  successful  treatment  requires  the  continuous

cooperation of the child and the parents of the affected child
with the treatment team [26].

By knowing the  incidence  of  PKU,  it  is  possible  to  plan
and  focus  on  solving  this  problem  within  the  region,
additionally  by  knowing  the  percentage  of  family  marriages
that have a direct relationship with PKU cases, it is possible to
plan  to  reduce  the  cases  of  family  marriages  that  play  an
important role [27] and increase the accuracy of the follow-ups
and control programs of the University Health Vice-Chancellor
to prevent the occurrence of diseases.

Newborn screening for this disease has been operational in
the  medical  sciences  of  Jiroft  since  June  2013.  However,  no
study  has  been  conducted  on  the  screening  results  and  the
incidence rate in the cities affiliated with Jiroft University of
Medical Sciences. Therefore, this study aims to determine the
incidence  of  phenylketonuria  and  evaluate  laboratory
indicators,  including sensitivity,  specificity,  and positive and
negative  predictive  values  based  on  the  results  of  newborn
screening since the commencement of the screening program in
the affiliated cities of Jiroft University of Medical Sciences.

2. MATERIALS AND METHODS

This  study  is  a  health  system  management  study  and  a
cross-sectional study (descriptive-analytical) that is conducted
on  all  phenylketonuria  patients  identified  by  heeldiagnostic
tests  on babies 72 hours after  birth.  The optimum conditions
for testing include from 72 hours to 5 days following birth and
where the mother is breastfeeding. Just a few drops of blood
are  taken  from  the  heel  of  the  foot  and  collected  on  special
papers (Guthrie card). confirmatory test of all suspicious and
positive  samples  are  then  conducted  in  partner  laboratories.
This study will  be carried out during the years 2014 to 2020
under the supervision of Jiroft University of Medical Sciences.
The inclusion criteria  is  all  screened Iranian and non-Iranian
babies  living  in  the  cities  affiliated  with  Jiroft  University  of
Medical  Sciences  and  the  patients  subsequently  identified
during  the  screening  process  including  false  negative
casesExclusion  criteria  includes  babies  who  live  in  other
provinces but were screened in Jiroft, were found to be positive
and  were  under  the  supervision  of  a  focal  point  physician.
Rarely, newborn screening results are falsely negative but the
baby  actually  has  that  disease.  Possible  reasons  for  false
negatives include laboratory errors such as mixing samples and
performing  the  test  too  early.  Because  false  negatives  are
possible, more tests should be done if the baby's family has a
history of a particular disease or if the baby shows signs and
symptoms  regardless  of  the  screening  results.  Within  2  to  3
weeks after the newborn screening test, the results are sent to
the child's doctor or clinic. Positive results mean that at least
one  test  was  outside  the  normal  range.  Other  terms  for  a
positive result  include failed,  out of range,  or abnormal.  The
treatment provider will notify the parents of a positive result. A
positive result does not mean that the baby will definitely have
the disease, but it indicates that more tests should be done as
soon as possible (diagnostic tests that detect the disease). If the
baby  has  the  disease,  further  tests  will  quickly  allow  for
treatment or management, such as a special diet that should be
started immediately after birth.
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Often,  when  the  screening  result  is  positive,  subsequent
diagnostic tests show that the child does not have the disease.
In  these  cases,  the  results  of  the  child's  test  are  called  false
positives, that is, the test shows the risk of a disease while the
child is not really suffering from it. False positives occur when
screening  tests  are  designed  to  identify  as  many  sick  infants
with treatable diseases as possible. Because it is important not
to miss the affected babies, some babies who are not affected
also  give  positive  results.  Occasionally,  the  results  of  the
newborn screening test are reported as borderline. These results
are not completely normal, but they are not clearly abnormal
either.  In  these  cases,  the  provider  of  the  baby's  medical
services repeats the test. Moreover, true and false positives and
negatives  are  determined,  and  then  the  screening  indices,
including  sensitivity,  specificity,  and  positive  and  negative
predictive values are calculated using the following formulas.

The measurement tool in this research will be the national
form  of  epidemiological  investigation  of  cases  of  genetic
diseases.  From this  form, the sections related to the patient's
profile (gender, date of birth, care status, treatment start date,
status of other physical siblings) and parents' profile (year of
marriage, kinship relationship) are extracted.

Using the information received from the patient's family,
the  information  in  the  genetic  file,  family  health  file,  and

patient treatment file, this form was completed by the genetics
program  expert  of  the  health  center  and  approved  by  the
genetics  program  expert  of  the  deputy  health  department.

Screening  information  will  also  be  used  in  the
comprehensive  social  genetics  program  form,  the  summary
form  of  PKU  and  hyperphenylalaninemia  screening
information,  which  is  completed  at  all  health  centers.  The
sampling method is  census.  In  this  study,  all  newborns  were
screened  and  patients  identified  during  the  years  2012-2019
were included in the study. The method of data analyses and
statistical  analyses  of  data  extracted  using  SPSS  software
version  24.  Weused  descriptive  statistics  to  calculate  the
frequency and prevalence of the disease using the formula of
the  number  of  new  cases  of  the  disease  divided  by  the
population  at  risk  in  each  year.

In  order  to  comply  with  ethical  considerations,  patient
information  was  kept  confidential,  only  approved  persons
could access the information In order to collect data, the names
of  patients  and  their  families  were  excluded,  and  data
collection  commenced  after  obtaining  the  code  of  ethics
(IR.JMU.REC.1400.023)  from  Jiroft  University  of  Medical
Sciences.

3. RESULTS

Over the duration of the study 110,073 babies were born in
the  7  cities  affiliated  with  Jiroft  University  of  Medical
Sciences,  105,778  (96.09%)  babies  were  screened.  79,991
(75.62%) of the babies participated in the screening program
during the 3rd to 5th day post birth. Timely screening increased
from 66.3% in  2014  to  87.4% in  2020  (Fig.  1).  The  highest
percentage of timely screening (87.82%) was related to Jiroft
city. 221 babies initially tested positive, and re-sampling were
then completed. After measuring the level of phenylalanine by
the  HPLC  method,  12  babies  were  referred  to  the
phenylketonuria treatment center as a positive confirmation of
the  diagnosis  and  were  treated  with  the  opinion  of  a
pediatrician  as  a  definite  positive  for  phenylketonuria.

Fig. (1). Timely PKU screening in cities covered by Jiroft University of Medical Science from 2014 to 2020.
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The incidence of phenylketonuria was 1.09 per 10,000 live
births. The highest incidence was related to South Rudbar (1.81
per 10 thousand live births)  and Jiroft  (1.58 per 10 thousand
live births) cities, respectively.

The results of newborn screening and the incidence rate are
presented in Table 1.  Frequency and annual occurrence rates
are presented in Table 2. The time of the first visit of 33% of
sick babies to the phenylketonuria treatment center was before
21 days of age (Fig. 2).

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

Table 1. Neonatal screening results and incidence rates for PKU in cities covered by Jiroft university of medical science from
2014 to 2020.

Location Number of
Live Births

Number of
Newborn Screened

(Percentage)

Number of
Newborns Screened
during First 3 to 5

Days
(Percentage)

Phenylalanine Levels
(At Screening)

Phenylalanine Levels
(At Diagnosis
Confirmation)

Number
of

Patients

Incidence
(PKU) in

10000 Live
Births<4

mg/dl
4-19.9
mg/dl

≥ 20
mg/dl

<3.4
mg/dl

3.4-19.9
mg/dl

≥ 20
mg/dl

Kahnouj 19096 14095(73.8) 8986(63.75) 14071 24 0 23 1 0 1 0.52
Ghaleghanj 12683 12251(96.6) 7954(64.92) 12231 20 0 19 1 0 1 0.78
Anbarabad 12574 11311(89.9) 7635(67.50) 11283 28 0 28 0 0 0 0

Faryab 3336 4813(144.2) 3616(75.12) 4793 20 0 20 0 0 0 0
Jiroft 31464 32123(102) 28213(87.82) 32054 68 1 64 4 1 5 1.58

Manoojan 8921 10440(117) 7849(75.18) 10419 21 0 20 1 0 1 1.12
Roudbar 21999 20745(94.2) 15738(75.86) 20705 38 2 36 2 2 4 1.81

Total 110073 105778(96.1) 79991(75.62) 105556 219 3 210 9 3 12 1.09

Table 2. Annual frequency and incidence rates of PKU in Jiroft university of medical science from 2014 to 2020.

Date Number of Live Births Number of Newborn Screened
(Percentage)

Number of Patients who Screened
Positive for PKU Incidence (PKU) in 10000 Live Births

2014 18509 16284 (87.9) 1 0.54
2015 17668 17225 (97.5) 0 0
2016 17419 15679 (90.1) 3 1.72
2017 15620 15221 (97.4) 3 1.92
2018 14554 14647 (100.6) 2 1.37
2019 13489 13315 (98.7) 1 0.74
2020 12814 13407 (104.6) 1 0.78
Total 110073 105778 (96.1) 12 1.09

Before 14 days
16%

from 15 to 21 days
17%

22 days and more
67%

0%
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In  this  study  showed  that  indicators  are  equal  to  False
positive:  210,  False  negative:  0,  True  positive:  12,  True
negative: 105,556 and also Sensitivity: 100%, specificity: 99%,
positive  predictive  value:  0.05%,  negative  predictive  value:
100%

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

4. DISCUSSION

Many  countries  in  the  world,  including  Iran,  have
implemented  comprehensive  national  NBS  programs  with
relatively high coverage. The purpose of the phenylketonuria
screening  program  in  Iran  is  to  reduce  physical  disability,
mental  retardation  and  medical  and  non-medical  costs.
Moreover,  this  study  was  conducted  to  investigate  the
screening and prevention program of PKU in the areas covered
by Jiroft University of Medical Sciences.

The  results  of  this  study  showed  that  the  screening
coverage in all cities of Jiroft is 96.09%, which is lower than
the national average (100.65%). The results of previous studies
in  other  provinces  of  Iran,  including  South  Khorasan,  have
reported  100%  PKU  screening  coverage  between  2013  and
2014 [28]. However, in a study conducted in Tehran, 91.4% of
infants were screened for PKU in 2011 [29]. Ganji et al. also
reported  100%  screening  coverage  in  Chaharmahal  and
Bakhtiari Province [30], which is consistent with the results of
the present study. In studies conducted in Brazil and China, the
average  screening  coverage  was  reported  to  be  94.5%  and
93.6%, respectively [31, 32]

According  to  the  results  of  the  present  study,  79,991
(75.62%) newborns had received timely screening; the highest
percentage was from Jiroft city (87.8%). Timely screening has
increased from 66% in 2014 to 87 percent in 2020, which has
caused a decrease in the incidence of the disease from 2014 to
2020. This may be due to increased awareness and referral of
mothers to health care centers. In the study of Ganji et al.  in
Chahar Mahal and Bakhtiari provinces, the initial sampling in
the studied years had an upward trend and reached 84.6% in
2014 [30], which is consistent with the results of this study.

Due  to  mental  retardation  in  patients  with  PKU,  early
diagnosis  of  the  disease  and  the  need  for  timely  medical
interventions  play  a  prominent  role  [33].  In  this  study,  221
babies initially tested positive screening and re-sampling was
completed. After measuring the level of phenylalanine by the
HPLC method, 12 babies were referred to the phenylketonuria
treatment center as a positive confirmation of the diagnosis and
were  treated.  The  first  visit  of  33%  of  sick  babies  to  the
phenylketonuria  treatment  center  was  before  21  days  of  age
(Fig. 2).

Before the start of the newborn screening program, patients
were identified late and most had complications. In a study in
Ahvaz, which was conducted on patients aged 1-18 years, the
age at which this disease was diagnosed was over six months in
77.7% of cases [34]. In a study conducted in Mazandaran, the
mean age of PKU patients at the time of diagnosis was 20 [35].
Factors such as failure to perform screening on time, delay in

reporting positive cases, insufficient sampling conditions and
disease of the baby, and lack of cooperation of parents affected
this index.

In this study, like the study conducted by Ganji et al., no
false  negative  cases  were  reported  [30].  However,  in  other
similar  studies,  there  was  no  mention  of  false  negatives  [28,
36].

The  prevalence  of  PKU varies  among  ethnic  groups  and
geographic regions around the world. A global comparison of
PKU incidence among countries with NBS shows that Japan,
among Asian countries, reports the lowest rate at 1: 125,000,
while the incidence in China is 1: 17,000 [37]. The incidence
of PKU in Saudi Arabia is 1: 14,623 [38] and in the UAE is 1:
12,369  [37],  which  is  similar  to  Japan.  In  a  comprehensive
systematic study conducted in Iran, the incidence of PKU was
estimated  to  be  16.5/100,000  (95%  confidence  interval:
21.2-12.9). The incidence of PKU in male and female infants
was was estimated as 13.3/100,000 (95% confidence interval:
-7.5-  15.8)  and  10.9/100000  (95%  confidence  interval:
7.5-15.8)  respectively  [8].

The  results  of  studies  in  Iran  showed  a  significant
difference in the prevalence of PKU across different regions,
this may be due to ethnic differences in different geographical
regions [35, 39].

In the present  study,  the incidence of  phenylketonuria  in
Jiroft  City  was  1.09  in  10  thousand  live  births.  The  highest
incidence was related to South Roudbar (1.81 per 10 thousand
live births) and Jiroft (1.58 per 10 thousand live births) cities.
PKU  incidence  rate  was  reported  to  be  0.66  in  10,000  in
Mazandaran  [9],  0.99  in  10,000  in  Southern  Khorasan  [40],
1.35 per 10,000 in Kerman [13]. 1.6 In 10,000 in Fars [41], and
1.91 in 10,000 in live births in Lorestan [10].

PKU disease has a hereditary pattern and is influenced by
consanguineous  marriages,  which  may  double  the  chance  of
contracting  the  disease  [42].  In  a  study  in  a  village  in
Kermanshah province,  the  incidence  rate  of  this  disease  was
estimated to be 1 in 80 people, and the main reason for the high
prevalence  of  the  disease  was  the  high  desire  for
consanguineous  marriages  in  the  village  [43].  In  the  studies
conducted by Motamedi et al., 82% [44], and Eshraqhi et al.,
60% [15] of parents of PKU patients were married within the
family.

CONCLUSION AND RECOMMENDATIONS

Starting treatment before one month has the best prognosis
in  the  treatment  of  patients.  In  addition  to  the  necessity  of
implementing  a  screening  program,  a  quality  control  system
should  also  be  used  for  newborn  screening  to  guarantee  the
performance of the program in order to witness a decrease in
the  incidence  of  the  disease  phenotype  within  a  population.
Therefore, the attention and awareness of families and doctors
in  this  matter  is  essential.  With  timely  treatment,  90%  of
people  benefit  from  the  appropriate  treatment  regimen.
Screening should be undertaken for all members of the patient's
family. In order to promote the screening program in countries
where this  is  being implemented,  parents  arents,  and doctors
should be informed about the benefits of newborn screening,
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and  there  should  be  a  robust  follow-up,  and  documentation
system in place .

LIMITATIONS OF THE STUDY

Among the limitations of the present study, we can point
out  the  type  of  study  (cross-sectional),  the  small  number  of
samples,  and  its  implementation  at  the  level  of  the  affiliated
cities  of  Jiroft  University  of  Medical  Sciences.  Therefore,
because this study was conducted at the level of several cities,
it is necessary to be cautious about generalizing the findings.
To  solve  the  mentioned  limitations,  it  is  recommended  to
conduct  similar  research  at  national  .  In  this  study,  only  the
incidence rate was calculated based on the newborn screening
program, false negative cases and cases that did not participate
in  the  screening program may be  detected  late,  so  the  actual
incidence rate may be higher than the current reported rate.

AUTHORS' CONTRIBUTIONS

E.R.  wrote  and conceptualized the  study,  completing the
final  draft  of  the  article.  S.H.  and  S.K.  performed  data
capturing  and  analysis.  S.D.  and  R.R.  completed  the
methodology  section.

LIST OF ABBREVIATIONS

PKU = Phenylketonuria

SPSS = Statistical Package for Social Sciences

NBS = National Bureau of Standard

ETHICS  APPROVAL  AND  CONSENT  TO
PARTICIPATE

.This  study  was  approved  by  the  Biomedical  Research
Ethics Committee of Jiroft University of Medical Sciences and
issued the study’s code of ethics (IR.JMU.REC.1400.023).

HUMAN AND ANIMAL RIGHTS

No animals were used for the studies which 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,  patient
information  was  kept  confidential  and  only  accessible  to
au8thorized personnel.  In  order  to  collect  data,  the  names of
patients and their families were not used, and data collection
was  done  after  obtaining  the  code  of  ethics  from  Jiroft
University  of  Medical  Sciences.

FUNDING

This article has been completed with the financial support
of  Vice-Chancellor  of  Research  and  Technology  of  Jiroft
University  of  Medical  Sciences.

STANDARDS OF REPORTING

STROBE guidelines has been followed.

AVAILABILITY OF DATAS AND MATERIALS

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

CONFLICT OF INTERESTS

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  Jiroft
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

Hanley WB. Phenylketonuria (PKU) – A success story.Latest Findings[1]
in  Intellectual  and  Developmental  Disabilities  Research.  London:
IntechOpen Limited 2012.
[http://dx.doi.org/10.5772/29008]
Bouchlariotou  S,  Tsikouras  P,  Maroulis  G.  Undiagnosed  maternal[2]
phenylketonuria:  Own  clinical  experience  and  literature  review.  J
Matern Fetal Neonatal Med 2009; 22(10): 943-8.
[http://dx.doi.org/10.1080/14767050902994697] [PMID: 19557660]
Sharma SK, Bhushan G, Chhangani S. Genetically inborn metabolic[3]
disorders. Indian J Pharma Biol Res 2018; 6(1): 48-57.
[http://dx.doi.org/10.30750/ijpbr.6.1.8]
Burgard  P.  Development  of  intelligence  in  early  treated[4]
phenylketonuria. Eur J Pediatr 2000; 159(S2)(Suppl. 2): S74-9.
[http://dx.doi.org/10.1007/PL00014388] [PMID: 11043149]
Henderson  RA,  Centerwall  WR.  The  attack  on  phenylketonuria:  A[5]
pilot study. Except Child 1961; 27(5): 260-4.
[http://dx.doi.org/10.1177/001440296102700506]
Kluge W. Phenylketonuria: Report and discussion of three cases. S Afr[6]
Med J 1960; 34(6): 113-6.
[PMID: 14410008]
Pangkanon  S,  Charoensiriwatana  W,  Janejai  N,  Boonwanich  W,[7]
Chaisomchit  S.  Detection  of  phenylketonuria  by  the  newborn
screening program in Thailand. Southeast Asian J Trop Med Public
Health 2009; 40(3): 525-9.
[PMID: 19842439]
El-Metwally A, Yousef Al-Ahaidib L, Ayman Sunqurah A, Al-Surimi[8]
K, Househ M, Alshehri 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]
Abbaskhanian A, Zamanfar D, Afshar P, et al. Incidence of Neonatal[9]
Hyperphenylalaninemia  based  on  high-performance  liquid
chromatography  confirmatory  technique  in  Mazandaran  Province,
Northern Iran (2007–2015). Int J Prev Med 2017; 8: 93.
[PMID: 29184644]
Motamedi  N,  Goodarzi  E,  Pordanjani  SR,  et  al.  Incidence  of[10]
phenylketonuria in Lorestan province, West of Iran (2006-2016). Int J
Pediatr 2017; 5: 4713-21.
Golbahar  J,  Al-Jishi  EA,  Altayab  DD,  Carreon  E,  Bakhiet  M,[11]
Alkhayyat H. Selective newborn screening of inborn errors of amino
acids,  organic  acids  and  fatty  acids  metabolism  in  the  Kingdom  of
Bahrain. Mol Genet Metab 2013; 110(1-2): 98-101.
[http://dx.doi.org/10.1016/j.ymgme.2013.07.006] [PMID: 23916421]
Daneshi  S,  Heidarabadi  MB.  Incidence  of  phenylketonuria  and  the[12]
effect of prevention national program on reducing its incidence in the
population covered by Kerman University of Medical Sciences during
2007-2020. IJOGI 2022; 24(13): 59-69.
Davarani  ER,  Takaloo  FM,  Daneshi  S,  Sanjari  P,  Khanjani  N,[13]
Hushmandi  K.  Assessing  the  phenylketonuria  (PKU)  neonatal
screening program and the incidence rates of PKU in Kerman County,
Iran: A health system research J Pediatr Neonat Individual Med 2022;
11(2): 1-9.

http://dx.doi.org/10.5772/29008
http://dx.doi.org/10.1080/14767050902994697
http://www.ncbi.nlm.nih.gov/pubmed/19557660
http://dx.doi.org/10.30750/ijpbr.6.1.8
http://dx.doi.org/10.1007/PL00014388
http://www.ncbi.nlm.nih.gov/pubmed/11043149
http://dx.doi.org/10.1177/001440296102700506
http://www.ncbi.nlm.nih.gov/pubmed/14410008
http://www.ncbi.nlm.nih.gov/pubmed/19842439
http://dx.doi.org/10.1155/2018/7697210
http://www.ncbi.nlm.nih.gov/pubmed/29184644
http://dx.doi.org/10.1016/j.ymgme.2013.07.006
http://www.ncbi.nlm.nih.gov/pubmed/23916421


Results of the Screening Program of Phenylketonuria The Open Public Health Journal, 2023, Volume 16   7

[http://dx.doi.org/10.7363/110217]
Morovatdar  N,  Aval  SB,  Yazdi  S,  Norouzi  F,  Mina  T.  The[14]
epidemiological and clinical study of Phenylketonuria (PKU) patients
in Khorasan, North-eastern Iran. Iran J Neonatol 2015; 6(1): 19-22.
Eshraghi  P,  Abaskhanian  A.  Characteristics  of  patients  with[15]
phenylketonuria in Mazandaran Province, Northern, Iran. Caspian J
Intern Med 2010; 1(2): 72-4.
Scheel C, Berry HK. Comparison of serum phenylalanine levels with[16]
growth  in  Guthrie’s  inhibition  assay  in  newborn  infants.  J  Pediatr
1962; 61(4): 610-6.
[http://dx.doi.org/10.1016/S0022-3476(62)80155-3]  [PMID:
14498113]
Kuehn  BM.  After  50  years,  newborn  screening  continues  to  yield[17]
public health gains. JAMA 2013; 309(12): 1215-7.
[http://dx.doi.org/10.1001/jama.2013.2087] [PMID: 23532219]
Matalon  R,  Surendran  S,  Matalon  KM,  et  al.  Future  role  of  large[18]
neutral  amino  acids  in  transport  of  phenylalanine  into  the  brain.
Pediatrics 2003; 112(6 Pt 2)(Suppl. 4): 1570-4.
[http://dx.doi.org/10.1542/peds.112.S4.1570] [PMID: 14654667]
King  JR,  Hammarström  L.  Newborn  screening  for  primary[19]
immunodeficiency diseases: History, current and future practice. J Clin
Immunol 2018; 38(1): 56-66.
[http://dx.doi.org/10.1007/s10875-017-0455-x] [PMID: 29116556]
Giżewska M, MacDonald A, Bélanger-Quintana A, et al. Diagnostic[20]
and management practices for phenylketonuria in 19 countries of the
South  and  Eastern  European  Region:  Survey  results.  Eur  J  Pediatr
2016; 175(2): 261-72.
[http://dx.doi.org/10.1007/s00431-015-2622-5] [PMID: 26350228]
Kumar  Dalei  S,  Adlakha  N.  Food  regime  for  phenylketonuria:[21]
Presenting complications and possible solutions. J Multidiscip Healthc
2022; 15: 125-36.
[http://dx.doi.org/10.2147/JMDH.S330845] [PMID: 35082498]
Heidari  A,  Arab M, Etemad K,  Damari  B,  Kabir  MJ.  challenges  of[22]
implementation of the national phenylketonuria screening program in
Iran: A qualitative study. Electron Physician 2016; 8(10): 3048-56.
[http://dx.doi.org/10.19082/3048] [PMID: 27957302]
van Spronsen FJ, Blau N, Harding C, Burlina A, Longo N, Bosch AM.[23]
Phenylketonuria. Nat Rev Dis Primers 2021; 7(1): 36.
[http://dx.doi.org/10.1038/s41572-021-00267-0] [PMID: 34017006]
Hagedorn  TS,  van  Berkel  P,  Hammerschmidt  G,  Lhotáková  M,[24]
Saludes  R.  Requirements  for  a  minimum  standard  of  care  for
phenylketonuria: The patients’ perspective. Orphanet J Rare Dis 2013;
8(1): 191.
[http://dx.doi.org/10.1186/1750-1172-8-191] [PMID: 24341788]
Trefz F, Muntau AC, Schneider KM, et al. Health economic burden of[25]
patients  with  phenylketonuria  (PKU)  –  A  retrospective  study  of
German health insurance claims data. Mol Genet Metab Rep 2021; 27:
100764.
[http://dx.doi.org/10.1016/j.ymgmr.2021.100764] [PMID: 34036045]
Mlčoch T,  Puda  R,  Ješina  P,  Lhotáková  M,  Štěrbová  Š,  Doležal  T.[26]
Dietary  patterns,  cost  and  compliance  with  low-protein  diet  of
phenylketonuria  and  other  inherited  metabolic  diseases.  Eur  J  Clin
Nutr 2018; 72(1): 87-92.
[http://dx.doi.org/10.1038/ejcn.2017.102] [PMID: 28656971]
Paul DB, Brosco JP. The PKU paradox: A short history of a genetic[27]
disease. United States: JHU Press 2013.
[http://dx.doi.org/10.1353/book.27241]
Saadatinasab  Z,  Sharifzadeh  G.  Incidence  of  phenylketonuria  in[28]
southern Khorasan (2012-2014). J Birjand Univ Med Sci 2015; 22(3):
286-92.

Mahmoudi F, Mohmmad K, Eftekhar H, et al. Causes of inadequate[29]
coverage of screening programs for congenital diseases in infants born
in North Health Center Area, Tehran. Hakim Res J 2013; 15(4): 281-7.
Ganji  F,  Naseri  H,  Rostampour  N,  Sedighi  M,  Lotfizadeh  M.[30]
Assessing the phenylketonuria screening program in newborns, Iran
2015-2016. Acta Med Iran 2018; 56(1): 49-55.
[PMID: 29436795]
Magalhães PKR, Turcato MF, Angulo IL, Maciel LMZ. Programa de[31]
Triagem Neonatal do Hospital das Clínicas da Faculdade de Medicina
de  Ribeirão  Preto,  Universidade  de  São  Paulo,  Brasil.  Cad  Saude
Publica 2009; 25(2): 445-54.
[http://dx.doi.org/10.1590/S0102-311X2009000200023]  [PMID:
19219252]
Xiang L,  Tao J,  Deng K, et  al.  Phenylketonuria incidence in China[32]
between  2013  and  2017  based  on  data  from  the  Chinese  newborn
screening information system: A descriptive study. BMJ Open 2019;
9(8): e031474.
[http://dx.doi.org/10.1136/bmjopen-2019-031474] [PMID: 31444193]
El  Hazmi  U.  Early  recognition  and  intervention  for  prevention  of[33]
disability  and  its  complications  1997.  Available  From:
https://apps.who.int/iris/bitstream/handle/10665/117040/emhj_1997_3
_1_154_161.pdf?sequence=1
[http://dx.doi.org/10.26719/1997.3.1.154]
Zendehdel M, Tamimi M, Zadkarami M, Karandish M, Aminzadeh M.[34]
Anthropometric assessment and some of contributing factors in control
of Phenylketonuria Patients in Khuzestan Province. Majallah-i Ilmi-i
Pizishki-i Jundi/Shapur 2014; 13(1): 21-30.
Eshraghi P, Abbaskhanian A, Bijani A, Hosseinzadeh S. Evaluation of[35]
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.
Badiee  S,  Morovatdar  N,  Hossini  SMR,  Norouzi  F,  Mina  T.[36]
Epidemiology and clinical study of phenylketonuria (PKU) patients in
Khorasan  Province;  Norteast  Iran.  Iranian  J  Neonatol  2015;  6(1):
18-22.
[http://dx.doi.org/10.22038/IJN.2015.4151]
Almuqbil M. Prevalence of neurometabolic diseases in Saudi Arabia. J[37]
BiochemClinic Gene 2020; 3(1): 14-21.
[http://dx.doi.org/10.24911/JBCGenetics/183-1585310179]
Loeber  G.  ISNS  9th  International  Symposium,  The  Hague,  The[38]
Netherlands,  September  11–14,  2016.  Int  J  Neonatal  Screen  2016;
2(3): 5.
Heidari A, Arab M, Damari B. Estimation of economic cost in patients[39]
with phenylketunoria in Iran. J Manage Med Inform Sch 2018; 3(3):
7-14.
Saadatinasab  Z,  Sharifzadeh  G.  Incidence  of  phenylketonuria  in[40]
southern Khorasan (2012-2014). J Birjand Uni Med Sci 2015; 22(3):
286-92.
Habib A, Fallahzadeh MH, Kazeroni HR, Ganjkarimi AH. Incidence[41]
of  phenylketonuria  in  Southern  Iran.  Iran  J  Med  Sci  2010;  35(2):
137-9.
Rokba MZA, Anwar A, Abed Y. Relationship between mental health[42]
and self esteem among mothers of children with mental disability in
Gaza Governorates. 2013.
Moradi K, Alibakhshi R. High risk of birth defects with PKU in Mast-[43]
e Ali village, Kermanshah province. Majallah-i Danishgah-i Ulum-i
Pizishki-i Kirmanshah 2014; 18(1)
Zafar Mohtashami A, Khodadadi F, Motamedi N. Epidemiologic study[44]
of  Phenylketonuria  disease  in  Lorestan  province  yafte  2016;  18(3):
5-11.

© 2023 The Author(s). Published by Bentham Science Publisher.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.7363/110217
http://dx.doi.org/10.1016/S0022-3476(62)80155-3
http://www.ncbi.nlm.nih.gov/pubmed/14498113
http://dx.doi.org/10.1001/jama.2013.2087
http://www.ncbi.nlm.nih.gov/pubmed/23532219
http://dx.doi.org/10.1542/peds.112.S4.1570
http://www.ncbi.nlm.nih.gov/pubmed/14654667
http://dx.doi.org/10.1007/s10875-017-0455-x
http://www.ncbi.nlm.nih.gov/pubmed/29116556
http://dx.doi.org/10.1007/s00431-015-2622-5
http://www.ncbi.nlm.nih.gov/pubmed/26350228
http://dx.doi.org/10.2147/JMDH.S330845
http://www.ncbi.nlm.nih.gov/pubmed/35082498
http://dx.doi.org/10.19082/3048
http://www.ncbi.nlm.nih.gov/pubmed/27957302
http://dx.doi.org/10.1038/s41572-021-00267-0
http://www.ncbi.nlm.nih.gov/pubmed/34017006
http://dx.doi.org/10.1186/1750-1172-8-191
http://www.ncbi.nlm.nih.gov/pubmed/24341788
http://dx.doi.org/10.1016/j.ymgmr.2021.100764
http://www.ncbi.nlm.nih.gov/pubmed/34036045
http://dx.doi.org/10.1038/ejcn.2017.102
http://www.ncbi.nlm.nih.gov/pubmed/28656971
http://dx.doi.org/10.1353/book.27241
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
https://apps.who.int/iris/bitstream/handle/10665/117040/emhj_1997_3_1_154_161.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/117040/emhj_1997_3_1_154_161.pdf?sequence=1
http://dx.doi.org/10.26719/1997.3.1.154
http://dx.doi.org/10.22038/IJN.2015.4151
http://dx.doi.org/10.24911/JBCGenetics/183-1585310179
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/

	Evaluation of the Results of the Screening Program of Phenylketonuria in the South East of Iran during the Years 2014-2020 
	[Aim:]
	Aim:
	Background:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	4. DISCUSSION
	CONCLUSION AND RECOMMENDATIONS
	LIMITATIONS OF THE STUDY
	AUTHORS' CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	FUNDING
	STANDARDS OF REPORTING
	AVAILABILITY OF DATAS AND MATERIALS
	CONFLICT OF INTERESTS
	ACKNOWLEDGEMENTS
	REFERENCES




