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Phenylketonuria (PKU) is one of the most 
common inherited metabolic disorders, caused 
by pathogenic variants in the PAH gene, 
which encodes the enzyme phenylalanine 
hydroxylase. This enzyme, which requires 

tetrahydrobiopterin (BH4) as a cofactor, 
converts phenylalanine (Phe) into tyrosine. If 
left untreated, the accumulation of Phe leads 
to irreversible damage in the brain, resulting 
in global developmental delay, intellectual 
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ABSTRACT

Objective. Phenylketonuria (PKU) is a prevalent inherited metabolic disorder, resulting from biallelic pathogenic 
variants in the PAH gene. This study aimed to assess the clinical characteristics of 1103 infants referred to a single 
center due to positive newborn screening (NBS) tests for PKU, providing insights into screening and diagnosis.

Methods. The health records of infants who were referred with suspicion of PKU through the Turkish national 
NBS program to a single referral center between January 2016 and January 2023 were retrospectively reviewed. 
The study analyzed demographic data, clinical findings, and diagnostic results from hospital records. Logistic 
regression analysis identified significant predictors of age at admission.

Results. This study highlights significant regional differences within Türkiye regarding DBS collection, 
result reporting, and age at admission. Significant delays in age at admission (expressed as median, [Q1-Q3]) 
were noted in the Eastern Anatolia (34 days [27-42]), Southeastern Anatolia [34 days (25-42)], and Black Sea 
regions [26 days (19-33)]. Out of the referred infants, 5.1% and 2.4% had transient tyrosinemia and transient 
hyperphenylalaninemia, respectively, and these transient conditions were more prevalent among neonates 
with a history of jaundice. Phenylalanine level was normal in 38.1% of the patients and was considered false 
positive. Among the 26 (2.36%) patients admitted after 90 days (late admissions), there were 2 PKU patients 
with untreated Phe levels >20 mg/dL (n=2). Among the 140 infants requiring treatment, 1.43% (n=2) were late 
admissions (>90 days). A history of PKU in the family and higher initial Phe levels were associated with earlier 
admissions.

Conclusion. This comprehensive analysis underscores the need to enhance NBS programs, particularly in 
regions with identified delays. Improving healthcare infrastructure, increasing awareness, and implementing 
targeted health policies are crucial for timely diagnosis and treatment. Future research should address regional 
disparities and optimize screening protocols to improve outcomes for affected infants.

Key words: hyperphenylalaninemia, phenylketonuria, newborn screening, geographic disparities, delayed 
diagnosis.
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disability, and various other neuropsychiatric 
problems.1 

The frequency of elevated Phe 
(hyperphenylalaninemia, HPA) varies 
depending on country, region, and ethnicity. The 
incidence is estimated to be 1:10,000 in Europe2, 
1:25.000 in the United States, and 1:15,924 in 
China.3 In recent studies published worldwide, 
it is noted that Türkiye has the highest incidence 
of PKU.4,5 Özalp et al.6 reported, the incidence 
of PKU in Türkiye as 1:4,172 in 1986. Based on 
the latest report by the Ministry of Health, the 
incidence of phenylketonuria in Türkiye is 1 in 
4,500 live births.7

In the 1960s, Robert Guthrie developed a 
microbiological test, leading to the initiation 
of the first newborn screening (NBS) program 
for PKU in Massachusetts, USA, in 1963.8 Later, 
more sensitive methods, such as fluorometric 
and spectrometric techniques, were developed. 
Türkiye started a pilot program in 1983, 
expanding it nationwide in 2006.9 Ideally, 
newborns with PKU should be diagnosed and 
start treatment within the first fifteen days of 
life. Current guidelines classify patients who 
begin treatment after three months as “late-
diagnosed”.2

This study represents the clinical characteristics 
of 1103 patients identified through an NBS 
program. By examining demographic data, 
clinical findings, and diagnostic results, we 
aimed to provide valuable insights that can 
enhance the workings of the NBS program.

Materials and Methods

Study design and participants 

In this retrospective study, the health records 
of infants who were referred with suspicion of 
PKU through the national NBS program to the 
Division of Pediatric Metabolism at Hacettepe 
University İhsan Doğramacı Children’s Hospital 
between January 2016 and January 2023 were 
reviewed. Patient information was obtained 
from the parents. The study was conducted in 

accordance with the ethical principles outlined 
in the Declaration of Helsinki and was approved 
by the Hacettepe University Ethics Committee 
for Non-Interventional Clinical Studies.

Sample collection and screening protocol

According to the protocol of the national NBS 
program, capillary blood samples collected from 
the newborns using a Guthrie card at healthcare 
institutions are sent as dried blood spots (DBS) 
to designated screening laboratories by the 
Ministry of Health. For samples with a Phe level 
of 2.1 mg/dL or higher, additional diagnostic 
and clinical follow-up actions are initiated. The 
blood test results, conducted by the screening 
laboratory and transmitted to the provinces 
through the NBS Program Web Application, 
lead to infants suspected of having PKU being 
referred to pediatric nutrition and metabolism 
clinics by their registered family physicians. The 
Ministry’s screening algorithm does not include 
a third DBS; however, the results of patients who 
had a third DBS collected were also documented 
(Fig. 1), which may have been collected due to 
previous samples being improperly collected or 
shipped. The “time of DBS result” was defined 
as the interval between the sample collection 
date and the result finalization date. The “age 
at admission “ was defined as the age of the 
patient (in days) when they first applied to our 
center. “Late admission” was defined as age at 
admission older than 90 days.

There are various classifications for PKU.2,10-12 
We classified patients as follows: patients who 
do not require treatment (Group 1; untreated 
Phe level 2–6 mg/dL), and patients who require 
treatment (Group 2; untreated Phe level 6–20 
mg/dL, and Group 3; untreated Phe level >20 mg/
dL). Transient HPA and transient tyrosinemia 
are temporary conditions, characterized by 
elevated blood phenylalanine (≥2.1 mg/dL) or 
tyrosine (>3 mg/dL) levels, usually detected 
during routine NBS, normalizing spontaneously 
at follow-up. In our center, phenylalanine 
and tyrosine levels were measured using 
quantitative amino acid analysis by high 
performance liquid chromatography. 
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Statistical analyses 

Data analysis was performed using SPSS 
v26.0 (SPSS Inc., Chicago, USA). Distribution 
of the variables was assessed using both 
visual (histograms, probability plots) and 
analytical methods (Kolmogorov-Smirnov 
and Shapiro-Wilk tests). Descriptive statistics 
were reported as mean ± standard deviation 
(SD) for normally distributing quantitative 
data, as median, range (minimum–maximum), 
and interquartile range (IQR, Q1-Q3) for non-
normally distributing quantitative data, and 
as frequencies and percentages for qualitative 
data. The Mann-Whitney U test was utilized 
to assess the differences between two 
independent groups with non-parametric data. 
Depending on the test conditions, either chi-
square or Fisher’s exact tests were employed 
to compare categorical variables. As DBS test 
features, age at admission, plasma Phe level 
were not normally distributed the Kruskal- 
Wallis tests were conducted to compare these 
parameters and the ordinal variables among 
the geographical regions (7 groups). The 
Mann-Whitney U test was performed to test 

the significance of pairwise differences using 
Bonferroni correction (p=0.0023) to adjust for 
multiple comparisons when investigating the 
associations between non-normally disturbed 
variables. The correlation coefficients and their 
significance were calculated using the Spearman 
test. The univariate analyses to identify 
variables associated with age at admission 
were investigated using Mann-Whitney U test. 
In univariate analyses, variables were selected 
for inclusion in multivariate analysis based 
on statistically significant factors, typically 
with a p-value <0.05. In addition, parameters 
considered to be clinically relevant or 
potentially influential were included. Thus, the 
following variables were included in the model: 
family history of PKU, geographical region, and 
1st DBS result. For the multivariate analysis, 
the possible factors identified with univariate 
analyses were further entered into the logistic 
regression analysis to determine independent 
predictors of patient “age at admission” and 
“late admission”. Logistic regression model was 
constructed by enter method, using variables 
associated with “age at admission” and “late 

Fig. 1. Implementation of the phenylketonuria screening and referral 
algorithm in Türkiye.
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admission”. Hosmer-Lemeshow goodness 
of fit statistics were used to assess the fitness 
of the logistic regression model. To preserve 
the integrity of the model in the presence of 
multicollinearity, only one variable from each 
highly correlated set was incorporated. The cut-
off value of the first DBS result in predicting the 
age at admission was analyzed using receiver 
operating characteristics (ROC) curve analysis. 
While evaluating the area under the curve, 
a 5% type-I error level was used to accept a 
statistically significant predictive value of the 
test variables.

Results

Overview of patient characteristics

1103 patients referred from the national NBS 
program for elevated Phe level between 
January 2016 and January 2023 were included. 
The demographic and neonatal clinical 
characteristics of the patients, and the initiated 
treatments, and the final diagnoses are shown 
in Table I, and the laboratory findings are 
shown in Table II. The majority of referred 
infants were either normal (38.1%) or had mild 
HPA not requiring treatment (38.3%), and the 
rest had transient or hereditary disorders of 
phenylalanine or tyrosine metabolism, or a 
variety of diagnoses unrelated to this pathway, 
most commonly galactosemia. In total, there 
were 140 infants who required treatment.

The timing of DBS collections and DBS results 
within the NBS program are summarized in 
Table II. 26 infants (2.36%) had late admissions 
(after 90 days). 18 of these infants had normal 
Phe levels, 5 had HPA, 2 had PKU with 
untreated Phe level >20 mg/dL, and 1 had 
transient tyrosinemia.

Comparison of geographical regions

Significant differences were observed among 
the geographical regions in Türkiye, regarding 
the age at the 1st, 2nd, and 3rd DBS samples, 
and the time it took for the 1st and 2nd DBS 

tests to finalize as well as the age at admission 
to the center. In the Black Sea region, the time 
for sample collection and result finalization was 
later compared to the Central Anatolia region. 
In the Southeastern and Eastern Anatolia 
regions, the collection time for the 3rd DBS, the 
time of 1st DBS result, and the age at admission 
were later compared to the Central Anatolia 
region. In the Black Sea region, the age of 1st 
DBS collection was later when compared to the 
Southeastern and Eastern Anatolia regions, but 
the age at admission to our center was found 
to be earlier. In the Aegean region, the time of 
1st DBS result and time of 2nd DBS result was 
earlier when compared to the Eastern Anatolia 
region. Patients from the Central Anatolia and 
Marmara regions were younger at the age of 
admission (Supplementary Table S1 and S2).

Comparison of clinical and laboratory 
characteristics across patient groups

The median age at admission was 20.5 days 
(Q1-Q3: 17.5-25.5, min-max: 12-62 days) for 
patients with first DBS Phe levels higher than 
20 mg/dL (n=12), and 22.5 days (Q1-Q3: 13-36.5, 
min-max:12-42 days) for patients with second 
DBS results higher than 20 mg/dL (n=4). 

Supplementary Table S3 shows differences 
in the 1st, 2nd, and 3rd DBS results and 
the initial plasma Phe levels among groups 
categorized by neonatal hospitalization status, 
low birth weight status, history of antibiotic 
use, preterm and term births, presence of 
neonatal jaundice, and phototherapy treatment. 
No significant differences in Phe levels were 
observed between the Transient HPA (n=26) 
and Transient Tyrosinemia (n=56) groups 
regarding neonatal hospitalization or antibiotic 
use (p=1, and p=0.86, respectively). However, a 
history of neonatal jaundice was 4.5 times more 
common in the Transient Tyrosinemia group 
compared to the Transient HPA group, and this 
difference was statistically significant (p=0.04). 
No significant differences were observed in 
gestational age, birth weight, 1st DBS, 2nd DBS, 
and 3rd DBS results (Supplementary Table S3). 
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Table I. General characteristics of infants referred through newborn screening for phenylketonuria (N=1103).

Characteristics

Female sex, n (%) 539 (48.9%) 

Consanguinity, n (%) 272 (24.7%) 
Maternal age, yr, mean ± SD 29 ± 5.4

Paternal age, yr, mean ± SD 32.7 ± 6

Family history of PKU, n (%) 85 (7.7%)
Gestational age, wk, mean ± SD 38.3 ± 2.1
Birth weight, gr, mean ± SD 3166 ± 572.2
History of neonatal hospitalization, n (%) 182 (16.5%)

Neonatal jaundice 71 (6.4%) 

Neonatal respiratory distress 21 (1.9%)

Premature birth 39 (3.5%)

Congenital pneumonia 13 (1.1%)

Urinary tract infection 6 (0.5%)

Sepsis 12 (1%)

Others* 20 (11.8%)

History of neonatal jaundice, n (%) 167 (15.1%)

Phototherapy, n (% among jaundice) 81 (48.5%)
No treatment, n (% among jaundice) 86 (51.5%)

Age at admission, days, median (Q1-Q3), min-max 25 (18-34), 3-410
1st plasma Phe level (at our center), mg/dL (n=1103), median (Q1-Q3), min-max 2.1 (1.26-3.3), 0.1-55
1st plasma Tyr level (at our center), mg/dL (n=1103), median (Q1-Q3), min-max 2 (1.51-2.51), 0.49-11
Diagnosis, n (%)

Normal 421 (38.1%)
Disorders of Phe or Tyr metabolism

Group 1; untreated Phe level 2–6 mg/dL 422 (38.3%)
Group 2 PKU; untreated Phe level 6–20 mg/dL 63 (5.7%) 
Group 3 PKU; untreated Phe level >20 mg/dL 70 (6.3%)
Defects of BH4 metabolism or DNAJC12 5 (0.5%)
Transient tyrosinemia 56 (5.1%) 
Transient HPA 26 (2.4%)
HPA + transient tyrosinemia 16 (1.5%) 
Transient HPA + transient tyrosinemia 7 (0.6%) 
Transient tyrosinemia + Group 2 PKU 2 (0.2%)
Maternal PKU syndrome 5 (0.5%) 

*Others: Arrhythmia, early rupture of membranes, hypoglycemia, hypoxic-ischemic encephalopathy, necrotizing 
enterocolitis, intrauterine growth restriction, polycythemia, respiratory distress syndrome
** Group 1: untreated Phe level 2–6 mg/dL (patients not requiring treatment); Group 2: untreated Phe level 6–20 mg/dL 
(patients requiring treatment); Group 3: untreated Phe level >20 mg/dL (patients requiring treatment). 
HPA, hyperphenylalaninemia; Phe, phenylalanine; PKU, phenylketonuria; Tyr, tyrosine.
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There were no significant differences in 
gestational age and birth weight parameters 
between the HPA (n=422) and normal (n=422) 
groups (p=0.07-0.655). However, there were 
significant differences in the 1st, 2nd, and 3rd 
DBS Phe levels (p<0.001) between normal and 
HPA groups. The DBS Phe levels were higher in 
the HPA group (Supplementary Table S3). 

Patients with transient HPA, transient 
tyrosinemia, and transient HPA combined 
with transient tyrosinemia were recorded as a 
single “transient” group and compared with 
the normal group (Supplementary Table S3). 

There were no differences in gestational age, 
birth weight, 2nd DBS, and 3rd DBS values. 
The risk of neonatal hospitalization in the 
transient group was 1.6 times higher compared 
to the normal group (p=0.04). The history of 
jaundice in the transient group was 2.7 times 
more common compared to the normal group 
(p=0.001).

Determinants of age at admission

There was a statistically significant relationship 
between having a family history of PKU and age 
at admission: The median day of admission was 

Table I. Continued.

Characteristics

Other inherited metabolic disorders 10 (0.9%) 

Galactosemia 7 (0.6%)

Citrin deficiency 1 (0.1%)

I-cell disease 1 (0.1%)

Lipoprotein lipase deficiency 1 (0.1%)

Follow up / Treatment, n (%)
No follow-up required 510 (46.3%)
Follow-up required 593 (53.7%)

Lost to follow-up 188 (17.0%)
Followed without treatment 265 (24%)
Followed with treatment 140 (12.7%)

Diet 70 (6.4%)
Sapropterin monotherapy for PKU 65 (5.9%)
Neurotransmitter precursors and sapropterin 5 (0.5%)

*Others: Arrhythmia, early rupture of membranes, hypoglycemia, hypoxic-ischemic encephalopathy, necrotizing 
enterocolitis, intrauterine growth restriction, polycythemia, respiratory distress syndrome
** Group 1: untreated Phe level 2–6 mg/dL (patients not requiring treatment); Group 2: untreated Phe level 6–20 mg/dL 
(patients requiring treatment); Group 3: untreated Phe level >20 mg/dL (patients requiring treatment). 
HPA, hyperphenylalaninemia; Phe, phenylalanine; PKU, phenylketonuria; Tyr, tyrosine.

Table II. DBS timing and phenylalanine levels in infants referred via newborn screening (N=1103).
1st DBS 2nd DBS 3rd DBS

Age at collection (days) 1 (1-4), 0-734 (n=1103) 7 (5-13), 3-178 (n=898) 16 (13-21), 16-219 (n=492)
Time it took for the 
result (days)

6 (4-8), 1-62 (n=1035) 7 (5-9), 1-42 (n=886) 7 (5-9), 1-41 (n=492)

Phe level (mg/dL) 2.5 (1.7-3.7), 0.2-40 (n=1035) 2.5 (2.2-3.2), 0.4-32 (n=886) 2.4 (2.2-2.7), 0.6-6.6 (n=492)
Values given as median (Q1-Q3), min-max, followed by the number of infants (n).
DBS, dried blood spot, Phe, phenylalanine.
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19 (3-86) days for patients with a family history 
of PKU and 26 (4-410) days for those without 
(p<0.001). For patients with Phe levels measured 
at our center below 4 mg/dL (n=504), the median 
age at admission was 26 days (Q1-Q3: 21-34, 
min-max: 4-410), while for patients with Phe 
levels above 4 mg/dL (n=209), the median age 
at admission was 14 days (Q1-Q3: 10-20, min-
max: 4-138), and this difference was statistically 
significant (p<0.001). Spearman correlation 
analysis between the 1st DBS Phe level and age 
at admission to our center showed a moderate, 
negative correlation (r= -0.41, p<0.001). ROC 
curve analysis for predicting early admission 
based on the 1st DBS Phe level yielded a cut-
off value of 4.05 mg/dL (area under the curve: 
0.816, 95% confidence interval: 0.777–0.854, 
p<0.001, sensitivity: 90.2%, specificity: 68%; 
Supplementary Fig. S1). Logistic regression 
analysis showed that positive family history 
of PKU, certain geographical regions, higher 
1st DBS Phe level were associated with earlier 
age at admission (Table III). In Eastern Anatolia, 
Southeastern Anatolia, Mediterranean and the 
Black Sea regions, the age of admission was 
found to be significantly later (Supplementary 
Table S1 and S2).

Discussion

The results of our study highlight several critical 
findings related to the clinical characteristics of 
patients identified through the national NBS 
program for disorders of Phe metabolism, and 
to the workings of the NBS program itself. Our 
comprehensive analysis of 1103 patients offers 
valuable insights into the demographics, clinical 
features, and final diagnosis. 

Regional disparities in newborn screening and 
healthcare access

One of the significant findings of our study 
is significant geographical differences in 
the timing of DBS sample collection, result 
reporting and admission time, which could 
reflect variations in healthcare infrastructure, 
accessibility, and geographical challenges. 
These disparities can be attributed to factors 
such as healthcare infrastructure, availability 
of adequate healthcare workers, and health 
policies. Additionally, family-related factors 
such as beliefs, education level, and awareness 
may contribute to the delays in collecting 
and transporting DBS samples to the center. 
Efforts should be made to speed up sample 

Table III. Significant predictors of age at admission and late admission by logistic regression.
Variables in model β coefficient Standard error p value Odds ratio 95% CI
Significant predictors of “age at admission”
Constant -2.589 0.722 <0.001 0.075 -
Family History of PKU 0.762 0.364 0.037 2.143 1.049-4.377
Region 0.362 0.081 <0.001 1.436 1.226-1.682
1st DBS Phe level 3.01 0.23 <0.001 20.279 12.910-31.854
Significant predictors of “late admission” 
Constant -4.139 1.149 0.000 0.016 -
Region 0.265 0.087 0.002 1.303 1.1-1.545
The model is statistically significant with p <0.001; Hosmer- Lemeshow: 0.446; Nagelkerke R2: 0.442; overall accuracy: 
84.9%. In the second logistic regression model examining factors influencing late admission, the region was found to be a 
significant factor with p=0.002; Hosmer-Lemeshow: 0.233; Nagelkerke R2: 0.050; overall accuracy: 97.8%. All regions were 
included in the model separately. Descriptive and comparative characteristics of the differences between regions are given 
in Supplementary Table S1 and S2.
CI, confidence interval; DBS, dried blood spot; Phe, phenylalanine; PKU, phenylketonuria.
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transport and analysis, either by establishing 
a new screening center closer to these regions 
or by optimizing logistical algorithms for more 
efficient sample processing and transfer.

Detection of transient and secondary 
metabolic conditions

Transient tyrosinemia and transient HPA result 
from the immaturity of hydroxylation enzymes 
or hepatocyte damage. Transient tyrosinemia 
is also associated with ascorbic acid deficiency 
and prematurity.13 Transient conditions can 
also occur in other metabolic diseases causing 
liver damage, such as galactosemia and 
citrin deficiency. The incidence of transient 
tyrosinemia of the newborn varies between 0.2-
10%.14 We observed an incidence of 5.1% among 
the referred infants, consistent with existing 
data. Studies have shown that maternal/
neonatal complications are more frequent in the 
Transient Tyrosinemia group, but long-term 
cognitive outcomes do not differ from those 
of normal infants.15,16 We demonstrated that 
jaundice was more prevalent in the Transient 
Tyrosinemia group compared to the Transient 
HPA group. Furthermore, the comparison of 
Transient HPA and/or Transient Tyrosinemia 
with normal patients showed higher rates 
of neonatal jaundice and hospitalization in 
the transient group. To our knowledge, no 
previous studies have compared these groups. 
Our results suggest that mild Phe or tyrosine 
elevations detected by NBS are more likely 
to be transient if the newborn has a history of 
jaundice or hospitalization, which can guide 
counseling.

In our study, we identified patients with various 
other inherited metabolic disorders, diagnosed 
incidentally. These included galactosemia 
(n=7), citrin deficiency (n=1), I-cell disease 
(n=1) and lipoprotein lipase deficiency (n=1). 
Studies from our country have reported cases 
of citrin deficiency, as documented by Zeybek 
et al.17; while Yekeduz et al.18 and Unal et al.19 
reported cases of maple syrup urine disease, 
galactosemia, and tyrosinemia. According to 
the literature, Shakespeare et al.20 reported cases 

of galactosemia (n=8), biopterin defects (n=2), 
and tyrosinemia type 1 (n=1). In our study, we 
identified patients with DNAJC12 deficiency 
(n=1) and disorders of BH4 metabolism, 
which include 6-pyruvoyltetrahydropterin 
synthase deficiency (n=3) and dihydropteridine 
reductase deficiency (n=1), which are among the 
secondary aims of NBS for PKU. However, there 
have been no reported cases of I-cell disease, 
and lipoprotein lipase deficiency. The patient 
is the first to be diagnosed with lipoprotein 
lipase deficiency based on findings from the 
NBS, where inaccurately elevated measurement 
of the patient’s blood Phe levels due to the 
lipemic nature of the sample ultimately led to 
the diagnosis. Additionally, one patient was 
diagnosed with congenital leukemia presenting 
with massive hepatomegaly. This patient has 
been reported previously.21 Careful physical 
examination to detect signs such as cholestasis, 
dysmorphism, leukocoria, neurological 
findings, and hepatomegaly is crucial, especially 
in patients identified through screening, as it 
helps identify other disorders, including other 
inherited metabolic disorders.

We identified five cases of maternal PKU 
syndrome presenting with severe congenital 
anomalies, consistent with previous studies.22,23 
Timely DBS collection is crucial, as delayed 
sampling may lead to the normalization of the 
newborn’s Phe levels, potentially missing the 
diagnosis of maternal PKU. NBS programs offer 
secondary benefits, including the detection of 
maternal metabolic disorders.10,24,25

Impact of family history and referral threshold 
on early diagnosis

Our study revealed that there is substantial 
variation in the age at admission based on a 
family history of PKU. Patients with a positive 
family history presented earlier compared to 
those without such a history. It is essential to 
consider that these families might seek medical 
attention proactively without waiting for a 
referral. In line with the Ministry algorithm, 
patients with an initial Phe level above 4 mg/
dL are referred immediately without waiting 
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for a second sample. Our analysis confirms 
that a first DBS Phe level above 4.05 mg/dL is 
associated with an earlier clinical presentation. 
This finding aligns with the Ministry 
algorithm, suggesting that the current referral 
threshold effectively facilitates earlier medical 
consultation and diagnosis.

Variability in false positive rates due to 
screening methods and cutoff level variations

In our study, 38% of individuals with elevated 
phenylalanine levels in NBS were determined to 
have Phe within normal limits. The false positive 
rate for PKU screening in Türkiye ranges 
from 44% to 76.2%.18,26,27 Studies conducted in 
different regions of the world have reported 
false positive rates ranging from 81% to 94%.4,28 
While direct comparisons are complicated 
by disparities in measurement techniques 
and threshold values, the false positive rate 
identified at our center seems to reside within 
an acceptable spectrum. Systematic annual 
dissemination of data regarding false positive 
and false negative rates, in addition to the 
positive and negative predictive values by the 
Ministry of Health, would be instrumental in 
enhancing and refining the newborn screening 
initiative.

Considerations for optimizing the Turkish 
PKU NBS Program

Considering our findings, it is imperative to 
enhance the NBS programs and follow-up 
protocols. The early detection and treatment 
of PKU is crucial in preventing severe long-
term complications. Based on our findings, 
several measures can be taken to prevent 
delayed diagnoses, both across the entire 
population and in specific regions. Firstly, 
increasing the accessibility and efficiency of 
healthcare services in regions with identified 
delays, such as Eastern Anatolia, Southeastern 
Anatolia, Mediterranean and the Black Sea 
regions, is crucial. This can be achieved by 
improving healthcare infrastructure, ensuring 
the availability of adequate healthcare workers, 

and implementing targeted health policies. 
It is necessary to educate families about the 
importance of timely screening and follow-
up, particularly in regions with lower levels of 
awareness.

This study is one of the largest single-center 
studies conducted examining NBS. It offers 
a comprehensive analysis of demographic 
data, clinical findings, and diagnostic results, 
contributing valuable insights into the workflow 
of NBS programs. The study highlights regional 
disparities in healthcare access, guiding policy 
decisions to improve healthcare delivery in 
underserved areas. The occurrence of two 
delayed diagnoses in patients with a classical 
PKU is regrettable, and similar situations 
are likely to have occurred in other centers. 
To prevent delayed diagnoses, it is crucial to 
implement strategies that ensure timely and 
accurate screening and follow-up.

Our study has some limitations. The study’s 
retrospective design relies on the accuracy and 
completeness of historical medical records, 
which may introduce biases or data inaccuracies. 
As a single-center study, the findings may not 
be generalizable to other regions or countries 
with different healthcare infrastructures and 
practices. Given that the national NBS program 
is centrally managed by the Ministry of Health, 
open access to screening processes and outcome 
data would facilitate further improvements. 
Transparent data sharing could help refine 
screening protocols, address regional disparities 
and optimize the overall effectiveness of the 
NBS

In conclusion, our study underscores the 
importance of timely and accurate NBS for 
phenylalanine metabolism disorders. By 
improving early diagnostic and follow-up 
practices, we can significantly impact the 
clinical outcomes and quality of life of affected 
individuals. Future research should focus on 
addressing regional disparities and optimizing 
NBS protocols to ensure that all newborns 
receive the best possible start in life.
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