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ABSTRACT
Objective: Phenylketonuria is a metabolic disorder resulting from mutations in the PAH gene, causing elevated blood phenylalanine (Phe) 
levels which can lead to severe neurological damage if untreated. The primary treatment is a lifelong low-protein diet with amino acid 
substitutes and micronutrient supplements. During the COVID-19 pandemic, classical phenylketonuria (PKU) patients faced significant 
challenges, including restricted access to routine care like clinical visits and metabolic control monitoring. The aim of the this study was 
to examine the disruptions in outpatient visits, the variances in pre- and post-pandemic Phe levels, and clinical severity among patients 
who contracted COVID-19.
Material and Methods: Starting from the pandemic date of March 11, 2020, demographic data, laboratory characteristics, and details 
about COVID-19 infection were retrospectively reviewed for classical PKU patients with accessible electronic records from March 2018 
to March 2022. 
Results: When the median blood Phe levels before and after the pandemic were compared, a significant difference was found. We 
observed that adult patients diagnosed with classical PKU often defaulted on their follow-up appointments.
Conclusion: The COVID-19 pandemic significantly disrupted the follow-up and management of classical PKU patients. However, no 
severe COVID-19 cases were reported among this population, suggesting they did not face an increased risk from the infection. This study 
emphasizes the critical need to develop robust strategies for patient engagement and follow-up, especially for adult classical PKU patients 
who are at risk of discontinuing routine care.
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INTRODUCTION

Phenylketonuria (PKU; OMIM 261600) is a metabolic disorder 
caused by mutations in the PAH gene, which encodes the liver 
enzyme phenylalanine hydroxylase (PAH). This enzyme typically 
converts the amino acid phenylalanine (Phe) into tyrosine. A 
deficiency in PAH activity leads to elevated blood Phe levels, 
which can reach toxic concentrations and primarily affect the 
central nervous system (CNS). If untreated, symptoms such as 

neurological impairment, psychomotor delay, seizures, autism, and 
behavioral disorders can develop soon after birth (1,2). The primary 
treatment is a lifelong dietary intervention to ensure normal growth 
and neurodevelopment. This diet includes low-protein foods, amino 
acid substitutes, and micronutrient supplements. Türkiye has the 
highest prevalence of PKU, partly attributed to the high incidence 
of consanguineous marriages (3).

In recent times, the world faced the COVID-19 pandemic, one of 
the most significant global health disasters of the century. The World 
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potential biases related to their different follow-up frequencies.

Demographic data, laboratory characteristics, and information 
related to COVID-19 infection were extracted retrospectively from 
the patients’ electronic medical records. Additionally, patients who 
tested positive for SARS-CoV-2 via PCR or antibody tests were 
identified and included in the study. These patients were contacted 
by phone and invited to participate in a survey to obtain further 
details about their COVID-19 infection and overall health during the 
pandemic. The number of outpatient visits and blood Phe levels 
before and after the pandemic were recorded and compared 
to assess the impact of the pandemic on metabolic control and 
patient follow-up.

Statistical Analyses

The data were analyzed by IBM SPSS Statistics Version 25.0 
(IBM Corp., Armonk, NY, USA). The normality of the variables 
was investigated by visual (histograms, probability plots) and 
analytical methods (Kolmogorov-Smirnov and Shapiro-Wilk tests). 
Descriptive statistics were presented as mean, standard deviation, 
median, range (minimum-maximum), interquartile range (IQR), and 
frequencies. Since the blood Phe level and admission number 
were not normally disturbed; nonparametric tests were conducted 
to compare these parameters. The Wilcoxon test was used to 
compare the change in admission number and blood Phe level 
between pre-pandemic and post-pandemic period. A p value of 
less than 0.050 was considered to show a statistically significant 
result.

RESULTS

Since 2018, our department has been following up 1960 patients 
diagnosed with PKU, hyperphenylalaninemia, or BH4-responsive 
PKU. Of these, 809 patients with classic PKU were included in the 
study after excluding 1151 patients with HPA or BH4-responsive 
PKU. Among the total cohort (n=1960), we had a total of 118 
patients who contracted COVID-19. Of the 118 patients, 25 classic 
PKU patients were ‘lost to follow-up,’ who did not have any blood 
Phe level measurements before or after the pandemic, and could 
not be contacted. These patients were excluded. Additionally, 16 
patients diagnosed with BH4-responsive PKU and HPA, as well as 
five patients with pregnancy-classic PKU, were excluded. Patients 
without mild hyperphenylalaninemia or BH4-responsive PKU and 
those not being followed up for pregnancy with a more frequent 
protocol than usual were included in the study. Seventy-two 
patients with classical PKU who had contracted COVID-19 were 
included in the study. Among the 809 patients with classic PKU, 
72 who had contracted COVID-19 were included in the study. The 
flowchart of participants is shown in Figure 1.

The characteristics of the patients with classical PKU are given 
in Table I. There were 420 patients aged 18 and over, and 389 
patients under the age of 18. There was a significant difference in 
the number of Phe measurements before and after the pandemic. 
The median number of Phe measurements before the pandemic was 
4 (1-41), while after the pandemic it decreased to 2 (1-59) (p<0.001). 
Furthermore, the median Phe levels before the pandemic were 10.4 

Health Organization (WHO) proclaimed COVID-19 a pandemic on 
March 11, 2020.  Following the first reported case, many countries 
declared implementing quarantine measures. Ensuring continuous 
care for patients with intricate health requirements, particularly 
those with rare diseases, has emerged as a significant challenge 
for healthcare providers during the COVID-19 pandemic.

During the COVID-19 pandemic, PKU patients faced unprecedented 
challenges, including severely restricted access to routine care such 
as in-person clinical visits, metabolic control monitoring, and self-
sampling blood tests. Additionally, there was significant uncertainty 
surrounding their ability to obtain essential medical supplies and 
specialized low-protein food. Due to their need for special dietary 
products, the pandemic was a challenging period for PKU patients. 
In the study conducted by Akar et al. (4), it was shown that 61.2% 
of patients with classical PKU were more anxious.

While we have made substantial strides during the COVID-19 
pandemic, there is no assurance against future pandemics. 
This unprecedented period has imparted critical lessons for the 
innovation of our healthcare system, one of the most pivotal 
being the integration of telemedicine. Our understanding of the 
ongoing pandemic remains incomplete, underscoring the need 
for continuous knowledge expansion to confront prospective 
challenges. Within this framework, we sought to analyze the 
implications of the pandemic on classical PKU, a prevalent inherited 
metabolic disorder in Türkiye. Our study examined the disruptions 
in outpatient visits, the variances in pre- and post-pandemic 
Phe levels, and clinical severity among patients who contracted 
COVID-19.

MATERIALS and METHODS

This study received approval from the Hacettepe University Ethics 
Committee for Non-Interventional Clinical Studies (GO22/176, 
2022/08–23). Classical PKU was defined as untreated Phe levels 
above 20 mg/dL (1200 µmol/L) (5). In the two-year follow-up before 
and after March 11, 2020, when the pandemic was declared, 
the average of blood Phe values and the number of admissions 
were recorded and compared. Additionally, the study included 
patients who tested positive for SARS-CoV-2 PCR or antibodies. 
The patients were reached through phone calls and invited to 
participate in a survey that obtained demographic data and details 
about COVID-19 infection. Informed consent was obtained from all 
participants or their parents/guardians.

Inclusion and exclusion criteria

The start date of the pandemic was considered to be March 11, 
2020.  The patients with diagnosed disorders of Phe metabolism, 
for whom electronic health record data was accessible between 
March 2018 and March 2022, were reviewed retrospectively. 
Patients diagnosed with classical PKU through molecular analysis, 
who require dietary intervention and are under follow-up at our 
department (Hacettepe University, Pediatric Metabolism Unit) 
were included in this study. The patients with diagnosed mild 
hyperphenylalaninemia, pregnancy, and tetrahydrobiopterin (BH4)-
responsive PKU were considered as exclusion criteria due to 
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mg/dL (0.86-38.4), and this decreased to 9.1 mg/dL (range: 0.51-
29.4) after the pandemic (p<0.001). There was a 12% decrease 
in the number of follow-up Phe measurements of patients with 
classical PKU. Among 102 patients lost to follow-up, the median 
age was 18 years (3–36), with a female-to-male ratio of 48:54. The 
median number of phenylalanine measurements was 2 (1–42), and 
the median phenylalanine level was 15.8 mg/dL (1.4–35.9).

Among the 72 classic PKU patients who contracted COVID-19, the 
median age was 21 years. When the median blood Phe levels before 
and after the pandemic were compared, a significant difference 
was found (9.3 [1-27] vs. 9.0 [2.0-24.8], respectively, p=0.025). 
However, there was no significant difference in the number of Phe 
measurements before and after the pandemic (3 [1- 27] vs. 3 [1-16], 
respectively, p=0.750) (Table II). 

The clinical features of patients with classical PKU who contracted 
COVID-19 are provided in Table II. None of the patients were 
admitted to the intensive care unit or required invasive mechanical 
ventilation. No patient was deceased. Regarding the clinical 
spectrum of COVID-19 among these patients, 12 (16.7%) were 
asymptomatic, 56 (77.8%) had mild illness, and four (5.6%) 
experienced moderate illness. Hospitalization was required for 
only three patients (4.2%), and two patients (2.8%) needed oxygen 
therapy. Feeding difficulties were reported in 20 patients (27.8%).

DISCUSSION

In the management of PKU treatment, the aim is to keep Phe 
levels under control throughout life, along with adherence to the 
diet, to achieve positive neurocognitive outcomes. The COVID-19 
pandemic posed significant challenges for the follow-up and 
management of patients with PKU. Studies are showing increased 
stress levels and treatment noncompliance among PKU patients 
and their parents during the pandemic (4,6). The challenges 
faced by patients in accessing special dietary products during the 
pandemic were notable, highlighting the need for robust supply 
chain mechanisms to ensure continuous access to necessary 
dietary products. Additionally, the frequency of outpatient visits, 
dietary assessments, and frequent biochemical monitoring 
requirements cause patients to be lost to follow-up even outside 
of the pandemic. As patients age, the likelihood of being lost to 
follow-up care significantly increases (7). This study highlights 
several critical insights from a single-center experience regarding 
the metabolic control and follow-up status of PKU patients. 

One notable finding from our study is the difficulty in maintaining 
follow-up for adult PKU patients. The median age of our patients who 
discontinued follow-up is 18, and they were who generally already 
had poor metabolic control. Many adult patients discontinued their 
regular monitoring during the pandemic. As a reference center, we 
have patients from many cities across our country. We anticipated 
that the geographical limitations in transportation would cause 

Figure 1: Flowchart of patients. BH4: Tetrahydrobiopterin responsive 
phenylketonuria, COVID-19 (+): Coronavirus disease 2019, HPA: 
Hyperphenylalaninemia, PKU: Phenylketonuria.

Table I: Characteristics of the classic phenylketonuria 
patients

p
Age, years* 18 (1-49) -
Sex, Female/Male (n) 361/448 -
Number of Phenylalanine 
measurements*

Pre-Pandemic (n=809)
Post-Pandemic (n=707)

4 (1-41) 
2 (1-59)

<0.001†

Phenylalanine level*
Pre-Pandemic (n=809)
Post-Pandemic (n=707)

10.4 (0.86-38.4) 
9.1 (0.51-29.4)

<0.001†

*: median (minumum-maximum), †: Wilcoxon test, 

Table II: Characteristics of classical phenylketonuria 
patients with COVID-19 positive (n=72)

p

Age, years* 21 (2-43) -
Age group†

Child
Adult

30 (41.7)
42 (58.3)

-

Sex†

Male
Female

35 (48.6) 
37 (51.4)

-

Phenylalanine level pre-pandemic          
(mg/dl)* 
Phenylalanine level post-pandemic        
(mg/dl)*  

9.3 (1.7-26.7)

9.0 (2-24.8)
0.025‡

Number of Phenylalanine 
measurement pre-pandemic* 
Number of Phenylalanine 
measurements post-pandemic* 

3 (1-27)

3 (1-16)
0.075‡

Clinical Spectrum of COVID-19* 
Asymptomatic:
Mild Illness:
Moderate Illness:

12 (16.7)
56 (77.8) 
4 (5.6) 

-

Hospitalization* 
Yes
No

3 (4.2)
69 (95.8) 

-

Oxygen requirement*
Yes
No

2 (2.8)
70 (97.2) 

-

Feeding difficulties*
Yes
No

20 (27.8 ) 
52 (72.2)

-

 *: median (IQR),  †: n(%), ‡: Wilcoxon test, Phe: Phenylalanine, 
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decreased by 22.5% during the pandemic (p<0.001). Zubarioğlu 
et al. (18) highlighted that during the pandemic, 92 patients had 
better Phe levels, applied fewer washout diets, and attributed 
this to the benefits of telemedicine applications. In the study 
conducted by Herle et al. (9), which included 77 PKU patients, no 
change in Phe levels was observed during the pandemic period. 
However, a significant decrease in number of Phe measurements 
was observed, particularly in patients over the age of 16. In the 
study conducted by Becsei et al. (19), which included 83 patients 
with classical PKU, an increase in Phe levels was observed in 
adolescents during the non-pandemic period. Similar to other 
studies, it has been reported that the number of measured Phe 
levels decreased, and some patients lost follow-up (9). We believe 
that the significant decrease in the number of measured Phe levels 
can be attributed to the postponement of appointments due to the 
chronic nature of the disease. At this point, collaborating with local 
healthcare services and ensuring that patients continue their blood 
tests via mail could be a solution. 

During the COVID-19 pandemic, parents of children with classical 
PKU were concerned about increased risks and sought guidance. 
We informed them that no specific data linked PKU to higher 
COVID-19 risk, emphasizing that severe illness was more common 
in those with advanced age, male gender, or chronic conditions (20).  
Our findings indicated that PKU patients did not face higher severe 
COVID-19 risks, with none of our monitored patients experiencing 
severe illness. Despite disruptions in metabolic monitoring and 
dietary management, PKU patients’ clinical outcomes were not 
significantly affected by COVID-19.

The limitations of our study are its retrospective design and 
the lack of information on Phe levels if patients provided these 
measurements at other centers. During the active COVID-19 
infection period, we were unable to consistently monitor the Phe 
levels of our patients. The strength of our study lies in its inclusion 
of the largest sample size in the literature and having the highest 
number of PKU patients who contracted COVID-19.

In conclusion, the COVID-19 pandemic has underscored the 
importance of adaptable healthcare delivery models. Ensuring 
the continuity of care through innovative approaches like remote 
monitoring and telehealth consultations can mitigate the impact 
of future disruptions and improve overall patient outcomes. The 
insights gained from this single-center experience could inform 
broader healthcare strategies for managing chronic conditions 
in a during pandemic world. Healthcare services should intensify 
their efforts in enhancing adherence and monitoring strategies for 
patients with classical PKU. The results of our study could provide 
a valuable foundation for discussions on future potential scenarios. 
Future strategies should focus on enhancing telemedicine services, 
ensuring the availability of dietary products, and providing targeted 
support to different patient groups to improve overall care and 
outcomes for PKU patients. The lessons learned from this study 
can inform the development of measures to be implemented in the 
event of another possible lockdown. The healthcare system can 
organize more quickly when faced with a similar crisis.

some of our patients to lost-follow-up during the pandemic period. 
This gap in follow-up is concerning given the potential for long-
term complications if metabolic control is not maintained. 

Similar to the study by Walkoviak et al. (8), patients who were 
non-compliant with their follow-ups in the past were more likely 
to drop out of follow-up, while those who continued their follow-
ups did not experience an increase in Phe levels. Herle et al. (9), 
reported that school-aged patients sent fewer samples during the 
COVID-19 period, and patients over the age of 16 sent significantly 
fewer dried blood spots samples in 2020. As patients get older, 
they may exhibit a tendency to miss follow-ups due to the need to 
manage their diet independently of their parents, and because they 
are more susceptible to the influences of their social environment 
and work life. Previous studies have also investigated the reasons 
why patients lost follow-up, highlighting factors such as lack 
of insurance and financial resources, difficulties in accessing 
metabolism centers due to economic problems, and reluctance 
to return to a restricted diet (10). Additionally, adult patients may 
not want to wait in the same clinic as children and may no longer 
perceive the disease as a serious issue. 

Reaching adulthood from the newborn screening period without 
mental disability is possible with a significant amount of labor, time, 
and money from the healthcare system and with the efforts of 
dedicated families. To sustain this effort for the development of an 
independent, productive, and stable society, we must continue to 
remind our adult patients who have lost follow-up care, their value 
and the importance of continuous treatment. For adult patients, 
transition services, or solutions like telemedicine during crises such 
as the pandemic, as well as overcoming physical and economic 
challenges due to the limited number of metabolic disease 
management centers in our country, can be crucial. Implementing 
telemedicine for routine follow-ups can improve adherence to 
treatment plans and ensure consistent monitoring. Studies from 
various centers have shown that telemedicine effectively maintains 
patient engagement and metabolic control, with high patient 
satisfaction. It was highlighted that telemedicine played a crucial 
role in re-engaging patients who had lost follow-up, bringing them 
back into regular monitoring (11). These findings suggest that 
telemedicine could be a valuable tool for long-term management of 
PKU, particularly during the pandemic. The feedback from patients 
in these studies was overwhelmingly positive, suggesting that 
telemedicine could be a valuable tool in the long-term management 
of PKU (12-16). These measures can help prevent them from lost 
follow-up and ensure the continuity of their metabolic control.

Interestingly, we found a significant improvement in median 
blood Phe levels during pandemic. This could be attributed to 
the reduced social distractions and increased focus on dietary 
compliance during lockdown periods. Previous research supports 
this observation, indicating that adolescents and adults had better 
metabolic control during lockdown due to fewer social interactions 
and temptations that might lead to dietary lapses. Due to the 
requirement to leave their homes only for emergencies, patients 
were compelled to consume homemade meals instead of dining 
at restaurants or eating out. In the study conducted by Rovelli 
et al. (17), which included 192 patients, the median Phe level 
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