
Page 1/9

Assessing Phenylalanine Blood Level in Children Having Phenylketonuria in
Southern Khorasan Province, and Determining the Affecting Social and
Demographic Factors
Tayebeh Chahkandi 

Birjand University of Medical Sciences
Bita Bijari 

Birjand University of Medical Sciences
Niloofar Hamidi Laeen  (  niloofarhamidi4@yahoo.com )

Birjand University of Medical Sciences
Saye Shaban 

Birjand University of Medical Sciences
Emad Asgari Jafarabadi 

Birjand University of Medical Sciences

Research Article

Keywords: Phenylketonuria, phenylalanine level, disease control, demographic factors, social factors

Posted Date: May 17th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-514536/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Loading [MathJax]/jax/output/CommonHTML/fonts/TeX/fontdata.js

https://doi.org/10.21203/rs.3.rs-514536/v1
mailto:niloofarhamidi4@yahoo.com
https://doi.org/10.21203/rs.3.rs-514536/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/9

Abstract
Background: Phenylketonuria is a metabolic disorder resulting from a defect in phenylalanine metabolism with a global prevalence of 1 in 10000. Delayed
initiation of dietary modi�cation 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 Khorasan Province.

Methods: In this cross-sectional descriptive analytic study which was performed during summer 2019, 32 out of 37 known children and adolescents having
phenylketonuria in Southern Khorasan Province were assessed. The age of patients, the gender of patients, parentsmaritalstatus, parents occupational
status, parents` educational level, the distance between home and phenylketonuria clinic, and the number of affected siblings having phenylketonuria were
documented. We were not able to contact �ve patients having phenylketonuria in Southern Khorasan Province. Data were analyzed by SPSS 16 software
using Mann-Whitney U test and Kruskal-Wallis test. The signi�cance level was considered as p <0.05.

Results: 32 patients with a mean age of 6.6±4.7 years were 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 in 18 of
them (56.3%). There was not any statistically signi�cant relation between the metabolic control of the disease and any of the assessed social and
demographic factors.

Conclusion: The disease was properly controlled in 43.3% of the assessed population, and 56.3% had poor metabolic control. There was not any statistically
signi�cant relation between the metabolic control of patients having phenylketonuria in Southern Khorasan Province and assessed demographic and social.
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.

1- Background
Phenylketonuria is an autosomal recessive genetic disorder. The estimated worldwide incidence is 1 in 10000 [1]. According to the data obtained from
neonatal screening between 2000 and 2005 in the Fars 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 2015 [4]. According to another study performed between 2010 and 2011 in
Yazd province on 22131 neonates, an incidence of 1.8 in 10000 births was reported. [8] Consanguinity is thought to be the most important factor regarding the
higher incidence of this disease in some parts of the world [2]. Phenylketonuria is the most common disorder of amino acids metabolism [10].

Normally ingested phenylalanine is metabolized to tyrosine through the action of phenylalanine hydroxylase and a cofactor called tetrahydrobiopterin. 
De�cient phenylalanine hydroxylase cannot metabolize phenylalanine to tyrosine, which leads to phenylalanine accumulation in body. [11] Phenylalanine
accumulation mainly damages the Brain. Normally, subsequent metabolic processes convert tyrosine to a number of metabolites including skin and hair
pigments, and �nal metabolites are excreted from the body [30]. Over 950 genes are associated with phenylalanine hydroxylase de�ciency [6]. Measuring
phenylalanine blood level is a practical and reliable method to diagnose the disease and monitor the treatment course [5]. In classic phenylketonuria
phenylalanine blood level is more than 20 mg/dl. Following strict speci�c diets in which the consumption of natural proteins is restricted and instead amino
acid formulas are consumed, phenylalanine intake is limited and brain damage is prevented. The speci�c diet must be followed throughout life [7]. Every 1.66
mg/dl increase in phenylalanine blood level is associated with 1.3 up to 3.1 points reduction in Intelligence Quotient (IQ) [5]. Phenylketonuria is the �rst
metabolic and genetic disorder which has been successfully treated [12]. According to the Iranian national phenylketonuria guideline, the accepted
phenylalanine level is 2 – 6 mg/dl and 2 – 10 mg/dl for those under 12 years old and those over 12 years old respectively.

Normally a limited amount of phenylalanine is metabolized to phenylketones, including phenylpyruvate, phenylacetate and phenyllactate; in patients having
phenylketonuria, high amounts of phenylketones are produced. High phenylpyruvate level interferes with myelin synthesis in brain, leading to mental
retardation. Another proposed cause of mental retardation in these patients is de�cient synthesis of neurotransmitter dopamine, which is normally
synthesized from tyrosine. Normally the only source of tyrosine production in human body is the metabolism of phenylalanine trough the action of
phenylalanine hydroxylase; as a result tyrosine is an essential amino acid in patients having phenylketonuria which must be obtained through appropriate
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 neurologic damage, and later treatments and therapeutic diets would not be effective.

Untreated infants present later in life with developmental delay, vomiting, growth retardation, seizure, blond hair and blue eyes. During early childhood,
microcephaly, restlessness, attention de�cit, repetitive limbs movement and mental retardation are among other manifestations. The presence of excessive
amount of phenylalanine metabolites is the cause of musty urine odor in untreated patients. Urticarial skin Rash is one of the other presentations of untreated
patients.

The disease could be screened from day two of life onward, using a blood or urine sample. A phenylalanine blood level of 20 mg/dl or more is suggestive of
phenylketonuria. As a result of early diagnosis and administration of speci�c formulas to affected 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 vegetables, fruits, starch, fat, rice, breads and a limited amount of grains. Blood phenylalanine level should be checked regularly.
According to blood phenylalanine level, the diet of each patient must be planned by a dietician. The recommended diet must be followed throughout life [30]. It
is notable that despite early diagnosis and appropriate therapeutic diet, patients having phenylketonuria may have problems in maintaining attention and poor
academic performance. [13]
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educational level, child knowledge about phenylketonuria, parent employment or occupational status, and the number of siblings with phenylketonuria are
factors that have signi�cant positive correlation with phenylalanine blood level. The authors of this review article state that there is a paucity of studies
examining the potential demographic or psychosocial in�uences on metabolic control of patients having phenylketonuria, which could be due to the rarity of
this disease and small sampling pool. [7]

In 2011 during a study performed on 105 children having phenylketonuria at Mo�d hospital, Tehran, the following factors were found to be correlated with the
metabolic control of 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 Mahmoudi-Gharaei et al., 49 care givers of children having phenylketonuria who were presented to a psychiatry outpatient clinic were
assessed. Based on the results of this study, 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 the lack 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.

2- Methods
This is a cross-sectional descriptive analytic study which was conducted in summer 2019 in South Khorasan Province, Iran. 32 out of 37 known children and
adolescents having phenylketonuria in Southern Khorasan Province were assessed.

2-1. Inclusion Criteria
The main inclusion criteria were as follow:

Living in south Khorasan province

To be under 18 years of age

2-2. Exclusion Criteria
The main exclusion criteria were as follow:

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 patients and their families
were thoroughly interviewed and assessed; it was not possible to contact �ve 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
phenylketonuria 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, and the relation of these factors with metabolic control of the
disease were assessed. It must 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 Khorasan 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 phenylalanine level of patients aged below 12 years old, and those above 12 years old are 2-6 mg/dl and 2-10 mg/dl
respectively; a mean blood phenylalanine blood level above the mentioned values is indicative of poor metabolic control.

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 data. As blood phenylalanine
level was not normally distributed (p = 0.007), Mann-Whitney U Test and Kruskal Wallis Test were used to compare the mean phenylalanine blood level of
patients based on their demographic and socioeconomic condition. A p-value of less than 0.05 was considered a statically signi�cant difference.
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3- Results
32 patients with a mean age of 6.6 ± 4.7 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 cent of patients were male. The demographic characteristics of patients and their families are presented in Table-1.

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 years old 18 (56.3%)

Above 6 years old 14 (43.8%)

Parents` educational status Illiterate 3 (9.4%)

High school (under graduate) 12 (37.5%)

Diploma education 11 (34.4%)

University education 6 (18.8%)

Family composition Cohabitant parents 30 (93.8%)

Separated parents 2 (6.3%)

Father`s occupational status Employed 28 (87.5%)

Unemployed 4 (12.5%)

Place of residence Inside Birjand city 18 (56.3%)

Outside of Birjand city 14 (43.8%)

The number of affected siblings having PKU 1 25 (71.8%)

2 7 (21.9%)

The mean blood phenylalanine level was 8.1 ± 5.2 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 level.

Table-2

Comparison of blood phenylalanine level based on social and demographic characteristics of patient
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Demographic factor   Mean ± Standard
deviation

Median (25th and 75th
quartile)

Statistic p-
value

Sex Female 8.78 ± 5.38 7.4 (4.6–12.8) 1.17 0.24

Male 6.34 ± 4.68 6.5 (2–10.1)

Age Below 6 years 7.12 ± 3.77 6 (4.3–8.3) 0.76 0.44

Above 6 years 9.35 ± 6.58 7.7 (3.2–14.8)

Parents` educational status Illiterate 12 ± 4.08 14 (73–14) 2.4 0.48

High school
(undergraduate)

6.30 ± 3.46 6.6 (3.5–8.1)

Diploma education 9.43 ± 6.91 6.5 (3.4–17.4)

University education 7.31 ± 4.31 6.4 (4.1–9.4)

Family composition Cohabitant parents 8.19 ± 5.37 7.3 (4.1–12.4) 0.0.3 0.96

Separated parents 6.66 ± 1.89 6.6 (5.3–6.6)

Father`s occupational status Employed 8.42 ± 5.38 6.9 (4.2–12.6) 0.54 0.60

Unemployed 5.85 ± 3.64 7.5 (2.1–7.9)

Place of residence Inside Birjand city 9.11 ± 5.51 7.7 (5.4–12.4) 1.5 0.12

Outside of Birjand city 6.80 ± 4.68 4.9 (3.2–9.5)

The number of affected siblings having
PKU

1 7.38 ± 4.52 7.3 (4.2–8.7)    

2 10.67 ± 7.00 14 (3–17.4)

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

As depicted in Fig. 1, the metabolic control of 14 patients (43.3%) was acceptable, and 18 patients (56.3%) had poorly controlled blood phenylalanine levels. 

Table 3 presents comparison of the metabolic control of patients based on their social and demographic characteristics.
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Table 3
Comparison of the metabolic control of patients based on their social and demographic characteristics

Demographic factor Number of patients with good
metabolic control (percentage)

Number of patients with poor
metabolic control (percentage)

Statistic P-
value

Sex Male 10 (43.5%) 13 (54.6%) X2 = 0.002

DF = 1

0.63

Female 5 (55.6 %) 4 (44.4%)

Age Below 6 years 9 (50%) 9 (50%) X2 = 0.65

DF = 1

0.32

Above 6 years 5 (35.7%) 9 (64.3%)

Place of residence Inside Birjand
city

6 (33.3%) 12 (66.7%) X2 = 0.18

DF = 1

0.16

Outside of
Birjand city

8 (57.1%) 6 (42.9%)

Parents` educational
status

Illiterate 0 (0.00%) 3 (100.00%) Fisher exact
test = 2.4

0.56

Highschool
(undergraduate)

6 (50.0%) 6 (50.0%)

Diploma
education

5 (45.5%) 6 (54.5%)

University
education

3 (50%) 3 (50%)

Family composition Cohabitant
parents

13 (43.7%) 17 (56.7%) Fisher exact
test

1

Separated
parents

1 (50.0%) 1 (50.0%)

Father`s occupational
status

Employed 13 (46.4%) 15 (53.6%) Fisher exact
test

0.61

Unemployed 1 (25.0%) 3 (75.0%)

The number of affected
siblings having PKU

1 11 (44.0%) 14 (56.0%) Fisher exact
test

1

2 3 (42.9%) 4 (57.1%)

Good metabolic control had no statistically signi�cant relation with any of the social and demographic characteristics assessed in this study.

4- Discussion
According to the study performed by Hartnett et al. in 2013, there was not any statistically 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 2011, patient age 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 patients are better oriented
regarding the importance of appropriate diet and potential complications of poor metabolic control. In order to �nd the cause of lack of relation between age
and metabolic control 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 since 2012; and our study was performed in 2019. In our study, children who have been screened by the national
phenylketonuria screening program were 8 years old or younger; and children older than 8 years old have not been screened. Delayed diagnosis of
phenylketonuria in those over 8 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 individuals.

In a study performed by Cotugno et al. in 2011 and Freehauf et al. in 2013, there was no statistically meaningful relation between gender and metabolic
control of the disease, which is similar to the result of our study. On the other hand, MacDonald et al. have stated that gender and phenylalanine blood level
are statistically related; their study was performed on a small sample size of patients aged between 6 to 17 years old. Although few studies with small sample
size have reported a signi�cant relation between gender and metabolic control of the disease, systematic review articles do not approve any relation between
these two factors. Our results are similar to the results of the vast majority of reliable researches performed in this �eld.

In two studies performed by Reber et al. in 1987 and Fehrenbach et al. in 1989, there were no relation between parent`s marital status and metabolic control of
patients; regarding marital status, the results of our study was the same (24, 25).

According to recent studies performed by MacDonald A et al. in 2008, Alaei M et al. in 2011, and Olsson et al. in 2007 there were no statistically signi�cant
relation between parents` educational status and the metabolic control of the disease (18, 26, 27); these �ndings are similar to our study results.

In studies performed by Gri�ths P et al. in 2000 and Alaei M et al. in 2011, family income and metabolic control of the disease were statistically related (18,
29). On the other hand, MacDonald, A et al. in 2008 reported no relation between family income and metabolic control of the disease, which was similar to the
results of our study; the lack of relation between these two factors could be an indicator of improvement in health care system and better insurance coverage
(26).
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Based on the results of our study, the metabolic control of patients living in Birjand, the capital of South Khorasan province, is the same as those living out of
Birjand; the lack of difference between the two groups of patients could be due to expansion of healthcare centers across the province.

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

4.1- Limitations
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.

5- Conclusion
Demographic and social factors including age, gender, parentsmaritalstatus, parents occupational status, the distance between home and phenylketonuria
clinic (living in Birjand city or living outside Birjand city), and the number of affected siblings having phenylketonuria were not statistically related to metabolic
control of disease in patient having phenylketonuria is South Khorasan province.
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Figure 1

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