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ABSTRACT

Objective: Management of patients with phenylketonuria mainly includes limiting the content of 
phenylalanine in the diet. Therefore, the purpose of this study was to investigate oral problems 
in children with phenylketonuria compared to the healthy population as a case–control study.

Materials and Methods: The subjects of the case and control groups were selected according 
to the inclusion criteria. First, the oral cavity and tooth were examined by a specialist dentist 
to indicate the decayed, missing due to caries, and filled teeth index in both groups. To inves-
tigate the level of phenylalanine and evaluate other laboratory examinations, 2 mL of blood 
and saliva samples was taken from the subjects. Blood and saliva phenylalanine levels were 
measured by high-performance liquid chromatography. Phosphorus, calcium, and pH levels 
were investigated through calorimetric measurement. The data were analyzed using Statistical 
Package for Social Sciences software.

Results: There was no significant difference between the case and control groups in terms 
of age and sex. The average level of calcium and phosphorus in the case group was higher 
than in the control group. Also, the average decayed, missing due to caries, and filled teeth 
index in the case group was not significantly different compared to the control group. None of 
the above-investigated indicators had a significant relationship with each other. On the other 
hand, it was found that there was a positive and significant relationship between phenylalanine 
in blood, saliva, and pH as well as between saliva phenylalanine with decayed, missing due to 
caries, and filled teeth.

Conclusion: The results of this study indicate a significant effect of phenylketonuria disease on 
calcium, phosphorus, and oral pH levels in children.
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INTRODUCTION

Phenylketonuria (PKU) is a consequence of phenylalanine (Phe) hydroxylase (PAH) gene 
mutation, attributed to an inborn metabolism error. Due to the PAH activity disruption, the 
blood level of Phe increased, and its concentration turned to a toxic level in the brain. It 
has been well demonstrated that multiple mental disorders, including eczematous rashes, 
autism, seizures, developmental problems, abnormal behavior, psychiatric symptoms, and 
motor deficits, are associated with untreated PKU.1 The prevalence of PKU varies significantly 
among ethnicities and between different geographic regions around the world, such that the 
prevalence of PKU is generally higher in Caucasian or East Asian populations. Hence, dietary 
Phe restriction is the primary approach to managing PKU, which is usually initiated immedi-
ately after confirmation of hyperphenylalaninemia in the infant.1,2
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What is already known 
on this topic?
•	 According to the studies that 

have been conducted, we know 
that the diet of patients with 
phenylketonuria is rich in car-
bohydrates and is carious, and 
also the decayed, missing due 
to caries, and filled teeth index 
is a measure to evaluate the 
health of the mouth and teeth. 
Also, oral and dental hygiene in 
children has a great impact on 
the lifestyle and general health 
of the body.

What this study adds on 
this topic?
•	 According to the results of the 

study, there was a relation 
between blood phenylala-
nine and saliva phenylalanine, 
based on which saliva phe-
nylalanine can be measured 
instead of blood phenylalanine 
in the future.
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Patients with PKU, especially children, follow a special low-
protein diet to minimize Phe intake. A specialist physician 
prescribes this special diet right after PKU diagnosis, which 
contains no or a meager amount of Phe. It is very critical that 
patients adhere to the prescription, as the physician noted, 
which may need to take by patients 3 to 4 times a day and 
sometimes up to 6 times a day, depending on individual needs. 
Hence, the children with PKU consume more carbohydrates 
and fat for energy supplements to compensate for their low 
protein intake. As such, these patients turn to take more snacks 
throughout the day. Besides the high carbohydrates level in 
their males, they are also exposed to Phe-free low pH drinks. 
All these together can enhance the chance of children with PKU 
developing caries more likely than healthy ones. Furthermore, 
high consumption of Phe-free medical formulas, rich in sweet 
and acidic ingredients, is considered harmful to oral health.3-6

As mentioned, the daily diet plays a crucial role in maintaining 
oral health.7 Oral and dental health significantly impacts the 
quality of life representing the critical health aspect.8 However, 
PKU is still considered a global problem even in developed soci-
eties.9 For over 70 years, the index of decayed, missing, and filled 
teeth (DMFT index) has been used globally to evaluate oral and 
dental health.10 This index determines the number of decayed 
teeth, teeth under treatment, and teeth lost due to decay.11 As a 
result, by examining the DMFT index, it could be concluded that 
children with PKU are at high risk for caries progression or not.3 
Given the critical impact of PKU on oral health and considering 
limited and contradictory studies in this field3,7,12 here, we have 
investigated the oral and dental complications in patients with 
PKU, focusing on the DMFT index and its association with Phe, 
pH, calcium, and phosphorus. Since the consumption of fat and 
carbohydrates in PKU patients is higher and they consume less 
protein, the amount of calcium and phosphorus was evaluated 
to indicate the amount of their absorption in the bone tissues 
which can resemble osteoporosis.

MATERIALS AND METHODS

Population
The present case–control study was conducted to determine 
the effect of the PKU special diet on oral health in children 
aged 2-6 years. The present study has been confirmed by the 
code of IR.ZUMS.REC.1400.366 at the Iran National Committee 
for Ethics in Biomedical Research. In this study, the selection of 
samples was based on easy (accessible) sampling. Children’s 
parents who agreed to participate in the research were 
included according to the sample size. Subjects have been 
allocated to the following groups:

(i)	 The control group, children with no detected PKU described 
as the health participants with regular diet.

(ii)	 The case group, children with PKU, used a special diet lack-
ing proteins and riches in fatty acids and carbohydrates.

Children were selected based on the following criteria: the 
consent of the child and their parents, having confirmed PKU 
disease in the case group, without physical and mental prob-
lems, without chronic diseases such as diabetes, cancer, and 
other oral and dental diseases, as well as imported children. 
In the study, the case group had a severe restriction of pro-
tein in the diet. Children in both case and control groups were 

selected in such a way that they did not differ significantly in 
terms of age and gender.

It should be noted that the diagnosis of PKU patients was con-
firmed by other institutions and they had already received 
nutritional treatments. In this study, no attempt was made to 
diagnose PKU patients, and their diagnosis was already con-
firmed and included in their medical records.

Clinical Examination
All children included in this study in both groups were exam-
ined by dental specialists. Patients were examined in terms of 
dental–oral complications regardless of grouping. The DMFT 
index was investigated in patients. For this purpose, the den-
tist examined the patients’ mouths with a dental mirror probe, 
and the DMFT index score was determined for each patient. In 
permanent teeth, DMFT is calculated by adding up how many 
teeth are decayed, missing because of dental caries, and filled. 
The mean number of DMFT is the sum of individual DMFT val-
ues divided by the sum of the population.

Laboratory Evaluation
We conducted 2 phases of laboratory tests in order to obtain 
results. In the first phase, 2 mm of blood and saliva were taken 
from each patient. Both samples obtained were analyzed in 
order to determine the level of Phe. The amount of Phe was 
measured by high-performance liquid chromatography.13 
Samples were deproteinized by adding an equal volume of 5% 
sulfosalicylic acid and the amino acids were separated by ion 
exchange column chromatography.

In the second phase of the study, the amount of calcium and 
phosphorus in the blood of the patients was determined. Using 
an auto-analyzer (Hitachi), calcium and phosphorus were 
detected by the colorimetric method.14

A calibrated pH meter device was used to measure the acidity 
of saliva.

Statistical Analysis
The obtained data were analyzed using Statistical Package 
for Social Sciences version 26.0 software (IBM Corp., Armonk, 
NY, USA). Qualitative data were reported as percentage and 
frequency. The age, phosphorus level, calcium level, and pH 
were reported as the mean, considering that they were char-
acterized by parametric distribution, and the t-test was used 
to compare the groups. The Mann–Whitney U-test was used 
to compare DMFT between 2 groups since the data distribu-
tion was non-parametric. Spearman’s test was used to investi-
gate the relationship between DMFT, calcium, and phosphorus 
parameters, and Pearson’s test was used to analyze blood Phe, 
saliva Phe, and pH.

RESULTS

Demographic Information of the Participants
One hundred twenty participants were finally included in the 
present study, of which 30 (25%) were cases, and 90 (75%) were 
control subjects. As high as 60% of the cases and 53.3% of the 
control individual were men, with no statistically significant dif-
ference (P =  .525). The mean (SD) age of the children in the 
case and control groups did not have a significant difference 
(P = .619) (Table 1).
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Evaluated Decayed, Missing due to Caries, and Filled Teeth
The DMFT was investigated according to dentists’ examination. 
The Kolmogorov–Smirnov represented the non-parametric 
distribution of DMFT data. The Mann–Whitney analysis showed 
that the DMFT index in the case group was not significantly 
compared to the control group (P = .142; Figure 1).

Calcium and Phosphorus Evaluation
The calcium and phosphorus level of the subjects has been 
measured in both groups. Based on these findings, the mean ± 
SD of calcium and phosphorus in the case group measured as 
9.88 ± 0.44 mg/dL and 3.86 ± 0.59 mg/dL, respectively, rep-
resented significantly lower than the control subjects (P < .05) 
(Table 2).

Moreover, the correlation between DMFT and calcium and 
phosphorus level was carried out by 2-tailed Spearman’s cor-
relation coefficient test. Our findings revealed no significant 
relationship between DMFT and calcium & phosphorus in both 
groups (P > .05) (Table 3).

Phenylalanine and pH Evaluation
The Phe of pH, blood, and saliva Phe in case subjects have 
been measured and the results are indicated in Figure 2.

The 2-tailed Spearman’s correlation analysis has revealed 
that DMFT did not have a significant correlation with blood 
Phe (P  =  .963), while representing a significant direct cor-
relation with salivary Phe (P  =  .043). Moreover, Spearman’s 
correlation test indicated a direct and significant correlation 
between saliva Phe and blood Phe (P < .001), pH and saliva 
Phe (P < .001), and pH and blood Phe (P = .002) (Table 4).

As such, it could be noted that there was a medium relation-
ship between salivary Phe with blood Phe and between pH with 
blood Phe, while a high relationship was detected between pH 
with salivary Phe.

DISCUSSION

The management of patients with PKU mainly includes limiting 
the content of Phe in the diet. Therefore, patients have been 
prescribed an extremely low-protein diet and Phe-free amino 
acid supplements (medical foods) to meet protein require-
ments. Diet plays an essential role in maintaining oral health, 
but diet modification due to medical problems such as PKU 
can have adverse effects on oral health. Therefore, this study 
aimed to investigate oral issues in patients with PKU compared 
to the healthy population.

Studies that evaluate the oral and dental health status of chil-
dren with PKU are limited and contradictory.5 Kilpatrick et al12 
compared 40 PKU patients with healthy children and reported 
a 17% prevalence of dental caries in PKU patients, which was 
similar to healthy individuals. Although in our study, the inci-
dence and prevalence of caries were not investigated, we 
showed that the DMFT in PKU patients was not substantially 
higher than in the control group, so it can be concluded that the 
results of our study are not different from the study of Kilpatrick 

Table 1.  Demographic Information

n (%)
Case Samples Control Samples P

30 (25.0) 90 (75.0) —
Gender—n (%)* Male 18 (60.0) 48 (53.3) .525

Female 12 (40.0) 42 (46.7)
Age—year (SD)# 4.00 (1.23) 4.16 (1.26) .619
*Chi-square analysis.
#Independent t-test.

Figure 1.  The median (minimum–maximum) of DMFT of the case and control groups were 2.00 (0-6) and 1.50 (0-6), respectively. DMFT, decayed, missing 
due to caries, and filled teeth.
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et al.12 In another study, Winter et al15 concluded that the pres-
ence of caries in 105 children with PKU was similar to healthy 
children, which also confirms our results. In contrast to these 
results, a high-fat and carbohydrate-rich diet is expected to 
exacerbate tooth decay in PKU patients. According to Winter 
et al15 1 factor that can explain the similar caries between the 
control and PKU groups is the increased level of Phe, which 
may lead to limiting the growth of plaque bacteria.

Turkey’s researchers have demonstrated that children with 
5-year-olds have an average DMFT of 3.7 ± 3.9.16 This result 
was higher than ours, since the median (95% CI) of the DMFT 
for the case and control groups was 2.00 [95% CI: 1.50-3.23] 
and 1.50 [95% CI: 1.24-1.89] respectively. Although these differ-
ences in habits can be attributed to demographic differences in 
the 2 countries and different dietary, as Gökalp et al16 showed 
in their study, the subject’s age can have a significant effect on 
DMFT. Since the average age of the examined children in our 
study was about 4 years old and in the mentioned study the 
age of the examined children was 5 years old, it might be the 
underlying reason for the DMFT differences between studies.

However, there are various studies that show that patients 
with PKU have more oral complications than normal ones. 
For example, Ābola et al17 reported that the dental status and 
periodontal health of PKU patients were found to be signifi-
cantly inferior compared to healthy controls associated with 
the regular consumption of PKU formula and the difficulties 
which mentally and/or physically disabled PKU patients expe-
rience with their oral hygiene. But there is a big difference with 
our study, we have performed a study on children with ages 
around 4 years while the median age of people in Ābola et al17 
study was 22 years. On the other hand, Ballikaya et al7 reported 
that 67% of PKU patients have dental caries, but they also men-
tioned that of the patients, 85.3% did not brush their teeth regu-
larly and 90.4% had never visited a dentist before, which makes 
the conclusion ambiguous.

Another finding of our study was the higher level of calcium and 
phosphorus in patients compared to the control subjects. Wang 
et al14 reported that the blood calcium was higher in 4-year-old 
children with PKU compared to the control group (P =  .029), 
which is consistent with our study, so it can be concluded that 
PKU disease can affect the level of calcium and increase its 
amount in the blood that indicated a decrease in its absorp-
tion by cells. As a result of low calcium absorption, it has been 
reported that more than 40% of young PKU patients have a low 
bone density.18 Wang et al14 also noted in their study that there 
was no difference in blood phosphorus levels between patients 
and the control group, which was contrary to the results of our 
research. This difference can be attributed to the difference in 
the study population; however, we strongly recommended it for 
future studies.

Our study also indicated a positive and significant correlation 
between blood Phe and saliva Phe. In this regard, Hall et al19 
investigated whether saliva Phe can replace blood Phe or not. 

Table 2.  Investigated Factors in Subjects, Including DMFT, 
Calcium, Phosphorus, pH, Salivary Phe, and Blood Phe

Investigated 
Parameters

Case Samples 
(n = 30)

Control Samples 
(n = 90)

PMean (SD) Mean (SD)
Calcium# 9.88 (0.44) 9.54 (0.56) .004
Phosphorus# 3.86 (0.59) 3.50 (0.63) .007
DMFT, decayed, missing due to caries, and filled teeth; Phe, phenylalanine. 
Bold P values are statistically significant.
#Independent t-test.

Table 3.  Investigated the Correlation Between Calcium/
Phosphorus and DMFT Indexes

Investigated Parameters
2-Tailed Spearman’s Correlation

Pr
DMFT and 
Calcium

Case 
(n = 30)

0.129 .496

Control 
(n = 90)

0.068 .527

DMFT and 
phosphorus

Case 
(n = 30)

−0.065 .732

Control 
(n = 90)

−0.047 .662

DMFT, decayed, missing due to caries, and filled teeth.

Figure 2.  The mean ± SD of pH, blood Phe, and saliva Phe of case 
subjects were 7.30 ± 0.63, 12.13 ± 4.12 and 53.83 ± 24.48, respectively. 
Phe, phenylalanine.

Table 4.  Investigated the Correlation Between Phe, DMFT 
indexes, and pH in case subjects

Investigated Parameters
2-Tailed Spearman’s rho

Pr
DMFT and blood Phe −0.009 .963
DMFT and salivary Phe 0.372* .043
Salivary Phe and blood Phe 0.665** <.001
pH and salivary Phe 0.787** <.001
pH and blood Phe 0.539** .002
DMFT, decayed, missing due to caries, and filled teeth; Phe, phenylalanine.
*Correlation is significant at the .05 level (2-tailed).
**Correlation is significant at the .01 level (2-tailed).
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Their results implied a positive correlation between blood Phe 
and saliva Phe (r: 0.69; P < .02), but despite the significant cor-
relation, they claimed that the correlation coefficient was very 
low to conclude an established correlation between salivary 
and blood Phe concentration in patients with PKU. It cannot be 
of practical value as an alternative measure of blood concen-
tration for routine monitoring. Our study also showed a corre-
lation coefficient of 0.64, which was statistically significant and 
similar to Hall et  al’s19 study. Therefore, due to the closeness 
of the correlation coefficients of the 2 studies, we suggest that 
these data be interpreted with caution, and more comprehen-
sive studies should be conducted to determine the relationship 
between Phe in blood and saliva.

We also showed in this study that the level of Phe in blood and 
saliva had a positive and significant correlation with increas-
ing pH. Due to the frequent consumption of a carbohydrate-
rich diet which results in a very acidic pH (lowered pH) in their 
oral environment, we expected to have a negative correlation 
between pH and PKU, but obtained results showed the opposite.

One of the most important limitations of the present study was 
the limited cooperation of children and the problems of working 
with children, which were tried to be passed by using a detailed 
examination and obtaining informed consent. In addition, since 
2 mL of the patients’ blood was sampled during the study, it 
was not possible to evaluate other parameters such as vitamin 
D and alkaline phosphatase due to the limited blood sample. 
On the other hand, due to the dispersion of the patients and 
the lack of access to them again, it was not possible to take 
samples again to measure these parameters.

CONCLUSION

According to the presented results, it can be concluded that the 
daily diet of patients with PKU has significantly increased cal-
cium and phosphorus, which may represent lower absorption 
by bone tissue. However, our findings did not demonstrate the 
destructive effect of the diet of patients with PKU on teeth, as 
indicated by the similar DMFT indices between case and control 
groups. While there is a strong need to evaluate the underlying 
reasons, it has been attributed to the high level of Phe which 
may hindered the plaque formation. Finally, we have shown 
the positive correlation between saliva-Phe, blood-Phe, and 
pH as well as between salvia-Phe with DMFT which requires 
more detailed investigations to interpret.
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