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Abstract 

Background Clinical advice may suggest discontinuing breastfeeding after the diagnosis of phenylketonuria 
in infants as the only effective way to monitor the newborn’s intake and accurate measurement of phenylalanine 
(Phe). This study aims to investigate the prevalence and duration of breastfeeding, as well as its effect on serum Phe 
levels in infants with phenylketonuria at Education and Therapy Medical Center, Be’sat Hospital, Iran.

Methods We conducted a cross-sectional study of 34 children under two years old diagnosed with phenylketonuria 
between September 2018 and December 2022. Infants were categorized as breastfed and non-breastfed (bottle-fed) 
based on their feeding method after diagnosis. Data on age at diagnosis, medical records, demographic information, 
and anthropometric indices were collected, and infants with incomplete data or mixed feeding (formula + breast milk) 
were excluded from the study.

Results Of 94 infants managed in our hospital, 34 had complete medical records. Among the all patients 13 (38%) 
continued to be breastfed combined with phenylalanine-free amino acid-based protein substitute, while 21 (62%) 
were did not receive breast milk. The mean duration of breastfeeding was 2.57 ± 0.59 (1–3) months. The mean age 
at diagnosis was 22.6 ± 18.4 days. Phenylalanine concentrations at diagnosis were mean 10, SD 5.44; range 4–24 
mg/dL [0.22–1.33 μmol/L] in the breastfed group and mean 14.3, SD 10.2; range 5–37 mg/dL [0.27–2.05 μmol/L] 
in the non-breastfed group.Non-breastfed infants had lower serum Phe levels than breastfed infants: mean 3.76, SD 
2.10; range 1–7 mg/dL [0.05–0.38 μmol/L] and mean 4.89, SD 3.68; range 2–19 mg/dL [0.11–1.05 μmol/L], respectively, 
although not statistically significant [(t (34) = 118.0, P = 0.51]. Also we found no significant associations in body meas-
urements for weight, height, and head circumference at birth and final assessment.

Conclusions In conclusion, during treatment, there were no statistically significant associations between breastfeed-
ing and serum Phe levels with growth in children with phenylketonuria.
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Background
Phenylketonuria (PKU) is an autosomal recessive inborn 
error of Inherited Metabolic Disorders (IMDs) that 
lead to enzymatic deficiencies within specific metabolic 
pathways caused by genetic mutations in the phenylala-
nine hydroxylase (PAH) gene encoding phenylalanine 
hydroxylase [1–3], which results in the inability to con-
vert Phe to tyrosine, leading to increased phenylalanine 
concentrations in the blood and central nervous system 
[4]. Classic symptoms of untreated PKU include men-
tal retardation, learning difficulties, spasticity, seizures, 
developmental delay, and congenital heart disease [5].

Comprehensive screening of newborns worldwide 
helps in the early identification and treatment of these 
metabolic disorders, subsequently reducing morbidity 
and mortality. A diagnostic method involving a heel prick 
test is conducted 24  h after birth to diagnose PKU [6]. 
Different methods for detecting PKU in dried blood spot 
sampling include fluorometric and colorimetric meth-
ods [7], enzymatic method [8], high-performance liquid 
chromatographic (HPLC) [9], and new techniques such 
as Tandem Mass Spectrometry [10]. Blood samples of all 
neonates in Iran are collected on days 3 to 5 after birth 
through a national program for screening and prevention 
of PKU established in 2007. Confirmation of PKU is done 
using by a colorimetric method, and if positive (phenyla-
lanine levels of 4 mg/dL or higher [0.22 μmol/L]), infants 
are referred to be confirmed by the HPLC method [11]. 
Positive cases are referred to specialists for management 
and genetic counseling. Newborns with Phe levels equal 
to or greater than 4 mg/dL undergo regular follow-up, 
and if their Phe concentrations exceed 7 mg/dL (0.38 
μmol/L), a restricted diet is initiated [12]. Since the inau-
guration of newborn screening in Iran, the incidence 
of PKU has been reported to be about one in 7000 live 
births, and this is noted to be more prevalent in some 
areas of the country [13]. Clinical sub-categories range 
from mild hyperphenylalaninemia (HPA) (Phe levels 
120–360 μmol/ L) to the most common and severe form, 
classical PKU, defined as Phe > 1200 μmol/L [14]. Before 
newborn screening for PKU, Clinically, untreated disor-
der is characterized by irreversible intellectual disability, 
microcephaly, seizures, aberrant behavior, psychiatric 
symptoms, motor disturbances, and eczematous rash. 
Impairment of cerebral function had already occurred 
before newborn screening and treatment [15].

IMDs concerning lifelong management and treatment 
often focus on limiting substrate that cannot be metabo-
lized from the diet and replacing other nutrients with sup-
plements (medical foods) and drugs [16, 17]. Treatment of 
Infants diagnosed with PKU requires a unique low-phe-
nylalanine formula, and it is recommended strict dietary 
therapy during their entire lifetime [18, 19]. However, 

in the management of infants with some IMDs, such as 
certain aminoacidopathies and urea cycle disorders, 
breastfeeding may be safely incorporated due to its lower 
protein and amino acid content than infant formula. 
Breastfeeding is included in management guidelines for 
some IMDs, including glutaric aciduria type I [20], maple 
syrup urine disease [21], phenylketonuria (PKU) [22, 23]; 
propionic acidemia [24], urea cycle disorders [25], and 
very long chain acyl-CoA dehydrogenase deficiency [26]. 
Since the Phe content in breast milk cannot be converted 
into tyrosine in the liver by the phenylalanine hydroxylase 
enzyme, unfortunately, exclusive feeding with breast milk 
in the first six months of life affects the cognitive-neural 
development of infants with PKU [27]. Severe cognitive 
impairments will be prevented with treatment [28]. In 
childhood, executive functions, such as working memory 
and reasoning/planning, attention, and processing speed, 
are mainly observed deficits [29]. Previously, the stand-
ard of care for patients with PKU was immediate cessa-
tion of breastfeeding to maintain adequate Phe levels with 
the combination of standard commercial infant formulas 
and amino acid-based protein substitutes without pheny-
lalanine. In 1980, with the discovery of lower Phe levels 
in human breast milk compared to standard commer-
cial infant formulas, breastfeeding began to replace the 
standard commercial formula in the protein-restricted 
diet of patients with PKU [30, 31]. Today, breastfeeding is 
encouraged in people with PKU [32, 33].

Previous studies reported that breastfed infants with 
PKU had no significant differences in weight gain, daily 
Phe intake, and mean serum Phe concentrations com-
pared to bottle-fed infants with PKU [33–35]. On the 
other hand, a study by Banta-Wright et  al. [32] showed 
that the mean serum Phe level in breastfed infants was 
lower than in bottle-fed infants with PKU.

In this study, we aimed to determine the prevalence 
and duration of breastfeeding, compare the effect of 
breastfeeding or non-breastfeeding on serum Phe levels, 
and anthropometric indices in infants with PKU. This is a 
subject for which limited results have been reported pre-
viously in the literature, and no study has been done to 
investigate this comparison in Iran.

Methods
The Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines were followed in con-
ducting this study [36], and are available as a supplementary 
file. This cross-sectional study surveyed children below two 
years old with phenylketonuria in Iran. The Kurdistan Uni-
versity of Medical Sciences reviewed and approved all study 
procedures on January 4, 2023 (IR.MUK.REC.1401.306). All 
participants provided written informed consent.
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Medical records were analyzed from September 2018 
to December 2022 for patients with classic PKU (serum 
Phe level above 6 mg/dl at diagnosis) admitted to Educa-
tion and Therapy Medical Center, Be’sat Hospital, located 
in the capital city of Kurdistan. Patients with incomplete 
records or insufficient data were excluded from the study.

Study population
The medical records of 94 children with PKU admitted 
to our center were analyzed retrospectively. The study 
included only patients under two years of age (from Sep-
tember 2018 to December 2022) who were examined 
at least once a month. Infants with incomplete medical 
records (age at diagnosis, anthropometric data, feeding 
information, and serum Phe level), missing demographic 
data (parental consanguinity, gross annual household 
income, maternal education level, place of residence), 
and low adherence to diet (patients who were not fed 
according to diet list and patients who were fed both 
breast milk, commercial formula, and phenylalanine-free 
amino acid based protein substitute) were excluded from 
the study (Fig.  1). Thirty-four of the subjects had com-
plete medical records and were enrolled in the study.

Setting
Infants were categorized as breastfed and non-breast-
fed (bottle-fed) according to the type of feeding after 
PKU diagnosis. Infants fed a combination of commer-
cial formula and phenylalanine-free amino acid-based 
protein substitute after the diagnosis of PKU were 
included in the non-breastfed group. Infants who con-
tinued to be breastfed along with the phenylalanine-
free amino acid-based protein substitute after the 
diagnosis of PKU were included in the breastfed group. 
After each breastfeeding, a phenylalanine-free amino 
acid-based protein substitute was given to the breast-
fed group. In the non-breastfed group, a combination 
of commercial formula and phenylalanine-free amino 
acid-based protein substitute was served at each feed-
ing. All patients had their diet lists adjusted monthly 
and the volume of phenylalanine-free amino acid-based 
protein substitutes and commercial formulas were 
revised. Those whose consumptions were not moni-
tored by their mothers (referred to as not adhering to 
the diet) were excluded. Also, infants who consumed 
mixed feedings (breast milk and formula) were not 
included in the study.

Fig. 1 Flow chart illustrating the study selection process
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Data collection
Demographic data according to the information pro-
vided by the family and medical records (age at the time 
of diagnosis, gender, parental consanguinity, gross annual 
household income, maternal education level, place of 
residence) and clinical and laboratory findings (based on 
physical examination, clinical and dietitian’s records of 
infants who were assessed at least once a month; birth 
and final assessment of anthropometric indices, dura-
tion of breastfeeding, serum Phe level) of the patients 
were documented. Missing data on medical records or 
absence of serum Phe values recorded at least once a 
month were defined as insufficient medical records and 
were determined as exclusion criteria. The HPLC method 
was used to measure phenylalanine concentrations in 
blood samples. In the analysis of mean Phe levels, data 
were collected from the medical records of the newborn 
screening program and confirmatory diagnostic serum 
Phe levels, which were ≥ 6 mg/dl (≥ 0.33 μmol/L) for each 
patient. All data for the study was obtained by physicians 
and dietitians who worked at Be’sat Hospital.

Data analysis
Statistical data analysis was performed using SPSS com-
puter software version 15.0 (SPSS, Chicago, IL). To 
examine the normality of parameters, the Kolmogorov–
Smirnov test was carried out. While categorical data 
were expressed as numbers and percentages (%), continu-
ous data were expressed as mean ± standard deviation, 
median, full range, and  25th-75th centiles. Categorical 
variables (gender, parental consanguinity, gross annual 
household income, place of residence, maternal educa-
tion level, breastfeeding experience of the mother) were 
assessed using chi-square. Continuous variables (serum 
Phe levels, anthropometric indices) were evaluated using 
the Independent Samples t Test and Mann–Whitney 
U Test, respectively. A p-value < 0.05 was considered 
significant.

Results
The study enrolled thirty-four infants diagnosed with 
PKU. Of these, 19 (56%) were female and 15 (44%) were 
male. The mean age at diagnosis was 22.5 ± 18.4 days 
(3–115). A comparison of breastfed and non-breast-
fed infants with PKU revealed no significant difference 
regarding gender and age at the time of diagnosis. There 
was a significant difference between the two groups 
regarding maternal education level t (3) = 34.4, P = 0.03 
(Table 1).

Table  2 shows the anthropometric indices of patients 
for each group. No significant differences were seen 
in body measurements for weight, height, and head 

circumference at birth and final assessment. However, 
the average anthropometric indices of infants at birth 
and at the end of the evaluation in both groups were 
within the normal ranges of the Iranian standard growth 
centile charts [37] (Table 3). The weight, height and head 
circumference centiles of Iranian children were similar to 
UK and USA values [38].

Prevalence and duration of breastfeeding
After the diagnosis of PKU, breastfeeding was contin-
ued in 13 (38%) infants combined with a phenylalanine-
free amino acid-based protein substitute. In 21 (62%) 
infants, mothers stopped breastfeeding and continued 
to feed with the combination of commercial formula 
and phenylalanine-free amino acid-based protein substi-
tute. The mean duration of breastfeeding was 14.3 ± 0.59 
(range 1–24) months (Table  1). No other relationship 
was detected between other demographic characteristics 
(gross annual household income, place of residence, first 
breastfeeding experience of the mother) and the duration 
of breastfeeding.

Analysis of serum Phe levels
Serum Phe concentrations of non-breastfed infants 
[mean 3.76, SD 2.10; range 1–7 mg/dL (0.05–0.38 
μmol/L)] were lower than that of breastfed infants dur-
ing the breastfeeding period [mean 4.89, SD 3.68; range 
2–19 mg/dL (0.11–1.05 μmol/L)]. However, there was 
no significant difference in serum Phe levels between the 
two groups receiving breast milk and bottle t (34) = 118.0, 
P = 0.51.

Discussion
In this study of thirty-four infants with PKU, we found no 
differences in phenylalanine concentrations between the 
breastfed and non-breastfed infants and no differences in 
anthropometric indices.

Several studies have discussed using human milk or 
breastfeeding in the dietary management of infants 
with PKU. Adequate growth and development of infants 
with PKU in these studies supports the efficacy of using 
human milk [39–41]. Breastfeeding also emphasizes the 
benefits of strengthening the emotional bond between 
mother and child and accepting the disease. Maintaining 
regular feeding with breast milk as a source of Phe in the 
treatment of PKU means that phenylketonuria infants 
can receive all the benefits of breast milk, even if they 
receive it as part of mixed breastfeeding [41].

Lower serum Phe levels in most breastfed infants com-
pared to non-breastfed infants have been investigated 
previously, which shows the effect of breastfeeding on 
serum Phe levels in patients with PKU [34, 42, 43]. On 
the other hand, a recent study revealed similar serum Phe 
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levels in breastfed and non-breastfed patients with PKU 
[32]. Although no significant relationship was found in 
our research, the level of Phe concentrations was lower in 
the formula-receiving group. Even though no significant 
difference was detected in comparing both groups, the 
bottle-fed group kept all Phe values within the reference 
range of the United States and European guidelines. The 
treatment target of blood Phe concentrations is between 
120–360 μmol/L [1.38 to 4.14 mg/dL] for all patients aged 
0–12 years [44, 45]. It is worth emphasizing that breast-
feeding in our population is performed without precise 
daily measurements, while daily feeding with commer-
cial formula is measured accurately. This difference in 
the amount consumed and the inaccuracy of measuring 
breast milk can affect the serum level of phenylalanine.

We consider that the breastfeeding duration of chil-
dren with PKU over the 24 months of follow-up was 
2.57 ± 0.59 months. In this regard, in a study by Rijn 
et  al. [43], breastfeeding duration was 2.5 months. 
However, Demirkol et  al. [35], McCabe et  al. [41], and 
Motzfeldt et al. [31] found mean breastfeeding duration 
in phenylketonuric patients of 6.1, 8.9, and 7.0 months, 
respectively. Although the breastfeeding duration of 
observation was below that recommended by the World 
Health Organization, one should take into account the 
fact that, when traditional treatment is used, children are 
definitively weaned during the first month of life. Main-
taining breast milk in these phenylketonuria infants’ diets 
benefits them for a more extended period.

The time for blood Phe levels to reach normal levels 
from treatment is crucial. In this study, we observed that 
the results of the two groups were statistically similar. No 
differences were found between the two groups for birth 
weight, age at initiation of dietary therapy, or blood Phe 
level. This suggests that the breastfed and non-breast-
fed groups were comparable at the beginning of treat-
ment. The time to achieve metabolic control was similar, 
proving that the breastfeeding strategy did not adversely 
affect initial control.

To the best of our knowledge, this is the first study of 
Iranian infants with PKU conducted to compare the 
serum levels of Phe in two groups. Also, previous studies 

on anthropometric indicators only examined body weight 
while we assessed the height growth in our patients. 
Height growth is a better indicator to assess long-term 
nutritional status.

Limitations
There are several limitations to the present study. Firstly, it 
is important to acknowledge the small sample size, which 
limits the ability to make an optimal comparison between 
the two groups. Of the 94 cases managed in our hospital, 
only 34 were analyzed. Additionally, only the most compli-
ant families attended sufficiently regularly to be included. 
It is possible that monthly attendance signified compli-
ance, which may have been reflected in adherence to diet 
and infant feeding recommendations. This self-selection 
of participants may have engendered both a selection and 
a collider bias [46]. It should also be noted that various 
parameters, such as infant medications, infections, treat-
ment compliance, and socio-cultural conditions, which 
were not accounted for in our study, could have poten-
tially influenced both growth and serum Phe levels. Finally, 
maternal factors such as maternal medicines, maternal 
age, employment, and smoking status, which are associ-
ated with breastfeeding, were not evaluated in our study. 
The small sample size precluded adjusted analyses. This is 
a single-site study, which limits generalization of findings.

Conclusion
Our conclusion was that PHE levels did not differ between 
breast milk and non-breast milk groups. Using breast milk 
as a source of Phe in PKU treatment can be achieved. with 
proper control of blood Phe levels and infant growth within 
normal limits. Positive reinforcement of the emotional 
bond between mother and baby is an inherent behavioral 
benefit of breastfeeding. This positively impacts the accept-
ance of the condition and compliance with treatment.
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