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Abstract

Background: Phenylketonuria is a metabolic disorder resulting from a defect in phenylalanine
metabolism with a global prevalence ofrl i0000. 2layedinitiation of dietary modification

leads to brain injury and cognitive and behavioral problems. The main objective of this study
was to assess the demographic and social factors affecting metabolic control of patients having
phenylketonuria in Southern Krassan Province.

Methods: In this crosssectional descriptivanalyticstudy which was performed_during summer
2019, 32 out of 37 knowrthildren and adolescentsaving phenylketonuria“in Southern
Khorasan Province were assessEae age of patients, the géer of patients;. parentsnarital
status,parents occupational statygarents’ educational levehe distance between home and
phenylketonuria clinic, and the number of affected siblihgsing” phenylketonuriavere
documented. We were not able to cohtliee patients having-phenylketonuria in Southern
Khorasan ProvinceDatawere analyzed by SPSS 16 software using Ma#initney U test and
KruskalWallis test. The significance level was considered as p <0.05.

Results: 32 patients with a mean age of 6.6&fearswere enrolled in this study. 23 of them
were male (71.9%) and 9 patients were females (28.1%). The mean phenylalanine level in this
study group was 8.1+5.2 mg/dl. The disease was optimally controlled in 14 patients (43.3%) and
poorly controlled in18 of them(56.3%): There was not any statistically significant relation
between the metabolic control. of the disease and any of the assessed social and demographic
factors

Conclusion: The disease was propertontrolled in 43.3% of the assessed population, and
56.3% had poor metabolic contrdihere was not any statistically significant relatiogtween

the metaboliccontrol ofpatients havingphenylketonuria in Southern Khorasan Province and
assessedemograplt and socialAs the number of known cases in South Khorasan province is
limited, 'small sample size could be one of the main limitations of our.study

Keywords: Phenylketonuria,Phenylalanine Level, Disease Control, Demographic Factors,

Social Factors



1- Background

Phenylketonuria is an autosomal recessive gerisorder. The estimated worldwide
incidence is 1 in 100001]. According to the data obtained from neonatal screening
between 2000 and 2005 in tl@rs province of Iran, an incidence of 1 in 4698 was
reported [3] An incidence of 1 in 6662 live births was also reported in the
Chaharmahalobakhtiari province of Iran between 2012 and 28J[L5According. to
another study performed between 2010 and 20Xkzd province on 22131 neonates, an
incidence of 1.8 in 10000irths wasreported. [8]Consanguinity is thought to be the most
important factor regarding thedgmer incidence of this diseagesome. parts of the world

[2]. Phenylketonuria is the mosbmmon disorder of amino.acids‘metabolism [10].
Normally ingested phenylalane is metabolized to. tyrosine throughe action of
phenylalanine hydroxylase and a cofactor called tetrahydrobiopterdeficient
phenylalanine hydroxylase cannot metabolizengtaanine to tyrosine, which leads to
phenylalanine accumulation in bodfl1] Phenylalanine accumulation mainly damages
the Brain Normally, sibsequent metabolic”processes convert tyrosine to a number of
metabolites including skin and.hairpigments, &ndl metabolites are exeted from the
body [30] Over 950 geneareassociated with phenylalanine hydroxyladiciency [6].
Measuring phenylalanine blodedvel is a practical and reliable method to diagnibhee
diseaseand monitorthe treatment cours]. In classic phenylketonuriphenylalanine
blood level is more than 20 mg/dIFollowing stri¢ specific diets in whichthe
consumption ofnatural proteins is restrictednd instead amino aa formulas are
consumedphenylalanine intakés limited andbrain damages prevented The specific

diet must _be followed throughout life [7]. Every 1.66 mg/dl increase in phenylalanine
blood level is associateslith 1.3 up to 3.1 points reduction intelligence Quotient (IQ)

[5]+ Phenylketonuria is the first metdlmo and genetic disorder which has been
successfully treated [12]. According to the Iranian national phenylketonuria guideline, the
accepted phenylalanine lewadter starting the treatmerst 27 6 mg/dl and 2 10 mg/dl

for those under 12 years old amds$e over 12 years old respectively.

Normaly a limited amount of phenylalanine is metabolized to phenylketones, including

phenylpyruvate, phenylacetate and phenyllactate; in patients having phenylketonuria,



high amounts of phenylketones are produced. igbnylpyruvate level interferes with
myelin synthesis in brain, leading to mental retardation. Another proposed cause of
mental retardation in these patients is deficient synthesis of neuroiftenstopamine,

which is normally synthesized from tyrosindormally the only source of tyrosine
production in human body is the metabolism of phenylalanine tralighaction of
phenylalanine hydroxylase; as a result tyrosine is an essential amino acid in patients
having phenylketonuria which must be obtainedugfoappropriate diet.

The early weeks of life is a critical period for the developing brain of the infant, and
feeding infants having phenylketonuria with breast milk and normal.formulas could cause
irreversible neurologidamage andlater treatments antherapeutic diets would not be
effective.

Untreated infants presenater in life with developmental delay, vomiting, growth
retardation, seizure, blond hair and blue eyes. During early childhood, microcephaly,
restlessness, attention deficit, repetitimmbs- movement and mental retardatiare
among other manifestations’he presence of excessive amount of phenylalanine
metabolites is the cause of musty urine aedor in untreated patients. Urticarial skin Rash is
one of theother presentations of untreateatients.

The disease could be screened from day two of life onward, using d bioorine
sample;a phenylalanine blood level @ mg/dl or more is suggestive of phenylketonuria.

As a result okarly diagnosis and administration of specibrmulas toaffected infants,
affected children' could have normal intelligence and brain function. The goal of
treatment is to reduce phenylalanine blood level to a safe amount. During infancy and
childhood, patients can consume a variety of foods including vegetdhlis, starch,

fat, rice; breads and a limited amount of grains. Blood phenylalanine level should be
checked regularlyAccording to blood phenylalanine level, the diet of each patient must
be plamed by a dietician. The recommendidt mwst be followa throughout lifg30].

It is notable that despite early diagnosis and appropriate therapeutic diet, patients having
phenylketonuriamay have problems in maaining attention and poor academic
performance. [13]

Assessing possiblactors that might affegpatients adherence to the therapeutic diet

could be an important progress in achieving better carethiem According to a



systematicreview article by Medford et al.age, sex,family composition including
separated parents or cohabitant parents, parents” educational level, child knowledge about
phenylketonuria, parent employment or occupational status, and the nunddelingfs

with phenylketonuriaare factors that have sigrméint positive correlation with
phenylalanine blood levelhe authors of this review article state that there is a paucity

of studies examining the potential demographic gcipssocial influences on metabolic
control of patients having phenylketonyriahich could be due to thearity of this
disease and small sampling pdal.

In 2011 during a study performed on 105 children having phenylketonuria at Mofid
hospital, Tehran, the following factors were found to be correlated thétimetdolic

control d these patients. Metabolic control was better in those under 12 years old. The
number of siblings having phenylketonuria, divorced parents, and occupational status of
parents were among other affecting factors. The authors concluded that the social status
of patients affect phenylalanine level to some degree. [18]

In a study performed by Mahmou@haraei et al.49 care givers of children having
phenylketonuria who were presented to_a psychiatry outpatient clinic were assessed.
Based on the results of thsudy, 57.1 per cent and 50.1 percent of caregivers had
depression and anxiety respectively; and employment status played a meaning full role
regarding their mental health. The authors recommended performing similar studies in
other parts of Iran. [19]

Considering thelack “of similar studies in the eastern part of Iran, this study was
conducted to.assess the effect of a number of suggested socioeconomic factors that are

presumed to be correlated with phenylalanine blood level.

METHODS

Thisis a crosssectional descriptive analytic study which was conducted in summer 2019
in South Khorasan Province, Iran. 32 out of 37 knakildren and adolescenitgving

phenylketonuria in Southern Khorasan Province were assessed.



2-1. Inclusion Criteria

The maininclusion criteria were as follow:
A Living in south Khorasan province

A To be under 18 years of age

2-1. Exclusion Criteria

The main exclusion criteria were as follow:

A The dissatisfaction of the patient or legal guardian for participation in the research

2-3. Sample Size:

There were 37 known cases of phenylketonuria under 18 years old at time of performing
this study in South Khorasan province. 32 pasiemtd their familiesvere thoroughly
interviewed andassessed; it was notpossible to contact five cases, so the sample size was
32.

2-4. Method

Age, sex, family composition factors including separated parents or cohabitant parents,
occupational status of parents, living in Birjand city were the pheroylkeia clinic is

located or living out of Birjand city, and the number of siblings having phenylketonuria
were' the 'socioeconomic factors that were assessed among children and adolescence
having phenylketonuria in South Khorasan province, #edrelation 6 these factors

with metabolic control of the disease were assedsadlist be noted that Birjand is the
capital of South Khorasan Province.

Data was gathered during regular and periodic visits of patients at the main
phenylketonuria clinic of South Khasan province, in Valieasr hospital. In order to
assess the metabolic control of patients, the mean blood phenylalanine of patients was

also recorded. According to the Iranian National Phenylketonuria guideline, the



acceptable blood phenylalae level of patients aged below?2 years old, and those
above 12 years old are-& mg/dl and 210 mg/dl respectively a mean blood
phenylalanine blood level above the mentioned values is indicative of poor metabolic
control. Blood Phenylalanine level was measured giserum HPLC phenylalanine level

in selected reference laboratories in South Khorasan Province.

2-5. Data Analysis

Data were analyzed using the SPSS software version 22.0 using the Kolmogorov
Smirnov test to show the normal distribution of d#ta.blood phenylalanine level was

not namally distributed (p = 0.007), Marwhitney U Test and Kruskal Wallis Test
were used to compare the mean phenylalanine blood level of patients based on their
demographic and socioeconomic conditidmp-valueof less than 0.05 was considered a

statically significant difference.

Results

32 patiens with a mean age of 6:6x4.7 years old were enrolled in this study; the lowest
recorded age was one year old and the highest was 18 years old. 71.9 per centitsf patie
were male. The demaographic characteristics of patients and their faandipsesented in
Tablel.



Table-1: Demographic characteristics of patients and families, their number and relative
frequencies

Sex Male 23
(71.9%)
Female 9
(28.1%)
Age Under 6 yearg 18
old (56.3%)

Above 6| 14
years old (43.8%)

Parents’ llliterate 3
educational (9.4%)
status High school| 12
(under (37.5%)
graduate)
Diploma 11

education (34.4%)
University 6
education (18.8%)

Family Cohabitant | 30
composition parents (93.8%)
Separated 2
parents (6.3%)
Father's Employed 28
occupational (87.5%)
status Unemployed |4
(12.5%)
Place of| Inside 18
residence Birjand city ."| (56.3%)

Outside . of| 14
Birjand city | (43.8%)

The number ‘of.1 25

affected siblings (71.8%)

having PKU 2 7
(21.9%)

The, mean blood phenylalanine level wast8.2 mg/dl. The minimum and maximum
blood phenylalanine levels were 0.4 mg/dl and 21.4 mg/dl respectively.

According to the data presented in table 2, none of the assessed demographic and social
factors were statistically related to blood phenylalanine ley@he national
phenylketonuria screening program in Iran has been started since late 2012; and our study

was performed in 2019. In our study, children who have been screened by the national



phenylketonuria screening program were 6 years old or younger; and children older than
6 years old have not been screenEllis is why the cut off of 6 years old has been

implemented in the data analysis).

Table-2 Comparison of blood phenylalanine level based swocial and demographic
characteristics of patient

Demographic Mean <+| Median | Statistic| p-
factor Standard| (25" value
deviation| and 7%
guartile)
Gender Female 878 |74 (46| 1.17 024
5.38 112.8)
Male 6.34 | 6.5 (27
4.68 10.1)
Age Below 6 years | 7.12 +| 6 (4.37 | 0:76 0.44
3.77 8.3)
Above 6 years | 9.35 | 7.7 (3.2
6.58 i 14.8)
Parents’ llliterate 12 14731 | 2.4 0.48
educational 4.08 14)
status High school| 6.30. £ 6.6 (3.5
(undergraduate| 3.46 T 8.1)
Diploma 943 +|6.5 (34
education 6:91 1 17.4)
University 731 |64 (4.1
education 4.31 1 9.4)
Family Cohabitant 819 |73 (41 0.0.3 0.96
composition | parents 5.37 T 12.4)
Separated 6.66 +|6.6 (5.3
parents 1.89 T 6.6)
Father's Employed 8.42 /6.9 (4.2/0.54 0.60
occupational 5.38 i 12.6)
status Unemployed |[5.85 |75 (2.1
3.64 i7.9)
Place of| Inside Birjand| 9.11 £| 7.7 (5.4| 1.5 0.12
residence city 5.51 T 12.4)
Outside off 6.80 +|4.9 (3.2
Birjand city 4.68 i 9.5)
The number 1 738 |73 (4.2
of affected 452 1 8.7)
siblings 2 10.67 £| 14 37
having PKU 7.00 17.4)

10



Although there are differences between the blood phenylalanine level of patients with
different demographic and social characteristics, but the differences are not statistically

significant.

The metabolic control of 14 patients (43.3%) was acceptable, and 18 patients (56.3%)
had poorly controlled blood phenylalanine levels.

Table 3 presentsomparison of the metabolic control of patients basetthein social and
demographic characteristics

Table- 3 Comparison of the metabolic control of patients basethein social and demographic
characteristics

Demographic factor Number  of| Number  of| Statistic P-value
patiens with | patients with
good poor
metabolic metabolic
control control
(percentage) | (percentage)
Sex Male 10 (43.5%) - |13(54.6%) | X?=0.002 | 0.63
Female 5 (55.6 %) 4 (44.4%) DF=1
Age Below 6 years | 9 (50%) 9 (50%) X2=0.65 0.32
Above 6 years | 5 (35.7%) 9 (64.3%) DF =1
Place of Inside Birjand| 6 (33.3%) 12 (66.7%) | X?=0.18 0.16
residence | city DF=1
Outside of|(8 (57.1%) 6 (42.9%)
Birjand city
Parents’ llliterate 0 (0.00%) 3 (100.00%) | Fisher exact 0.56
educational | Highschool 6 (50.0%) 6 (50.0%) test=2.4
status (undergraduate
Diploma 5 (45.5%) 6 (54.5%)
education
University 3 (50%) 3 (50%)
education
Family Cohabitant 13 (43.7%) 17 (56.7%) Fisher exacl 1
composition | parents test
Separated 1 (50.0%) 1 (50.0%)
parents
Father's Employed 13 (46.4%) 15 (53.6%) Fisher exacl 0.61
occupational | Unemployed 1 (25.0%) 3 (75.0%) test
status
The number 1 11 (44.0%) 14 (56.0%) Fisher exacl 1
of affected 2 3 (42.9%) 4 (57.1%) test
siblings
having PKU

11



Good metabolic control had no statistically significant relation with any of the social and
demographic characteristics assessed in this shlieiabolic control was not statistically
different in those who were screened (aged below 6 years) and those whootere
screened (aged above 6 years).

Table- 4 Comparison of the assessed social and demographic factors between patients

aged below 6 years and those aged above 6 years

Age group Under 6 yeary Above 6 yearq Statistic P-value
old old
Place of Inside Birjand| 8(44.4%) 10(71.4%) X2=233 0:16
residence | city DF=1
Outside of| 10(55.6%) 4(28.6%)
Birjand city
Parents’ llliterate 2(11.1%) 1(7.1%) Fisher exacl 0.95
educational | Highschool 6(33.3%) 6(42.9%) test=2.4
status (undergraduate
Diploma 6(33.3%) 5(35.7%)
education
University 4(22.2%) 2(14.3%)
education
Family Cohabitant 17(94.4%) 13(92.9%) Fisher exact 0.69
composition | parents test
Separated 1(5.6) 1(7.1)
parents
Father's Employed 15(83.3%) 13(92.9) Fisherexact| 0.40
occupational | Unemployed _|'3(16.7) 1(7.1) test
status
The number 1 16(88.9%) 9(64.3%) Fisher exact 0.19
of  affected 2 2(11.1%) 5(35.7%) test
siblings
having PKU

According.to the data presented in tableng éssessed social and demographic factors
were notstatistically different between children who have been screened (aged below 6

years) and those who were not screened (aged above 6 years old).

12




4- Discussion

In order to find the cause of better metabolic control in older individuals in our study, the
history of national phenylketonuria screening program in Iran must be considered. The
national phenylketonuria screening program in Iran has been started $n2613; and

our study was performed in 2019. In our study, children who have been screened by the
national phenylketonuria screening program were 6 years old or younger;.and children
older than 6 years olbad not been screened. Delayed diagnosis of pketgnuria in

those over 6 years old is usually associated with negative effects-on cognitive and
intellectual abilities of these children, which could account for the-lack of good metabolic
control among older individual#\ccording to the study performdn/ Hartnett et alin

2013, there was not argpatistically meaningful relation between patient age and blood
phenylalanine level, which is similar to the result of our-study, (20). On the other hand,
based on a study performed by Cotugno et al. in 20dtlerirage and the metabolic
control of the disease are statistically related, and-those over 10 years old have better
metabolic control (21). As a rule, older patiewith normal cognitive functiomre better
oriented regarding the importance of appropriate diet and potential complications of poor
metabolic control.

In a study performed by Cotugno et al..in 2011 and Freehauf et al. in 2013, there was no
statistically meaningful relation between ‘gendind metabolic control of the disease,
which is similar to the result of ourstudy. On the other haagDonald et al. have
stated that gender and phenylalanine blood level are statistically related; their study was
performed on a small sample size atipnts aged between 6 to 17 years éldhough

few studies with small sample size have repogeignificant relationbetween gender

and metabolic control-of the disease, systematic review articles dappobveany
relation between. these. two factoBur results are similar to the results of the vast
majority of reliable researches performed in this fidglde lack of difference between the

level of metabolic control between male and female patients could be the result of gender
equality in.lranian fairfies.

In two studies performed by Reber et al. in 1987 and Fehrenbach et al. in 1989, there
were'no relation betweerparent’s marital status and metabolic control of patients
regarding marital status, the results of our study was the €dne&25) On the other

hand, according to studies performed by Alaei et al. in 2011 and Olsson et al. in 2007,
children with separated or divorced parents were more likely to have higher
phenylalanine levels than children with married or cohabitant paf&8t27) The lack

of difference between family composition and disease control could be dbe tow

rate of divorce in our community compared to western societies in which divorce is more
prevalent.

According torecent studies performed by MacDonald A etal2008,Alaei M et al. in

2011, and Olsson et ah 2007 there were no statistically significant relation between

13



parents’ educational status and the metabolic control of the disease (18, 26, 27); these
findings are similar to our study resultdeanwhile Shulman et al. in 1991 identified

t hat csphalylalanieeteel wascorrelated with maternand paternal education,

with higher educatiomassociated with lower blood pigdalanine (28) The lack of
difference between disease control in educated families and families with lower
education level could be the result of equal healthcare delivery in our society; in other
words, lower socioeconomic classes of our society receive enough hesaltioipgoort

which results in same disease control level compared to higher socioecayrooms.

In studies performed by Griffiths P et al. in 2000 and Alaei M et al..in 2011, family
income and metabolic control of the disease were statistically reth8ed9). On the

other hand, MacDonald, A et al. in 2008 reported no relation between-family income and
metabolic control of the disegsghich was simar to the results of our study; the lack of
relation between these two factors could be an indicatanpifovement in health care
system and better insurance coverage equality in our socCie{i26).

Based on the results of our study, the metabolic control of patients living in Birjand, the
capital of South Khorasan provings the same as those livingtaf Birjand the lack of
difference between the two groups of patients'could be due to expansion of healthcare
centers across the provindgediatricians are providing care for PKU patients across the
province according to national guidelines, and dietisi are also present in all major
health care centers. The collaborative werking of specialists and dietitians across the
province has resulted in similavajity.of health care in Birjabd and those living out of
Birjand.

According to the study performed by Alaei M et al. in 2011 the metabolic control of the
disease was negatively affected by the number of affected siblings having PKU; on the
other hand, based on the results of our study these two factors are not $tatistatad

(18). Having more ;than one affected child could be batfinancial and psychiatric
burden; but as mentioned above, improved healthcare system and insurances have
probably reduced the effects of these factors.

The assessed;social and demolgiagactors were not statistically different between
children:who have been screened (aged below 6 years) and those who were not screened
(aged ahove 6 years old), indicating thateening has not had any confounding effect in
our.study.

4.1- Limitation s

As the number of known cases in South Khorasan province is limited, small sample size
could be one of the main limitations of our study.

We also believe that there could be other possible socioeconomic and psychiatric factors
that might affect blood phenylalanine level in patients having phenylketonuria.

14



5- Conclusion
Demographic and social factors including age, gengrents™ marital stas parents
occupational statysthe distance between home and phenylketonuria clinic (living in
Birjand city or living outside Birjand city), and the number of affected siblimgang
phenylketonuria were not statistically related to metabolic confroisease in patient
having phenylketonuria is South Khorasan province
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