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Abstract

:

In a small preliminary study, phenylketonuria and poor metabolic control were suggested as risk factors for Helicobacter pylori infection in children as detected with an antigen stool test. We aimed to determine Helicobacter pylori prevalence in an adequately sized group of individuals with phenylketonuria and healthy subjects using the standard gold test (urea breath test). Further, we correlated Helicobacter pylori infection with metabolic control. The study comprised 103 individuals with phenylketonuria and 103 healthy subjects on whom a 13C urea breath test was performed. Blood phenylalanine levels in the preceding year were analysed. The infection rate did not differ between individuals with phenylketonuria and healthy subjects (10.7% vs 15.5%; p = 0.41). The frequency of testing and phenylalanine concentrations of Helicobacter pylori-positive and Helicobacter pylori-negative patients with phenylketonuria did not differ (p = 0.92 and p = 0.54, respectively). No associations were detected for body mass index or metabolic control. Forward stepwise regression models revealed that age (p = 0.0009–0.0016) was the only independent correlate of Helicobacter pylori infection with a relatively low fraction of the variability of the condition being explained (adjR2 = 0.0721–0.0754; model p = 0.020–0.023). In conclusion, Helicobacter pylori infection in phenylketonuria is not more frequent than in the general population. Moreover, it does not depend on metabolic control.
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1. Introduction


Phenylketonuria (PKU) is an inborn error of metabolism that results in the abnormal metabolism of phenylalanine (Phe). Untreated or not adequately treated PKU can result in behavioural problems, mental disorders, intellectual disability and seizures. In general, the overall prognosis for patients with PKU is good [1,2]. Adequately treated subjects may have no detectable neurological or developmental problems. Without any doubt, low Phe levels are associated with good neurological performance [3]. However, recent reports suggest that the risk of comorbidities is higher than in the general population [3,4,5,6]. This seems justified since the compliance decreases with age [7,8,9].



Burton et al. [4] retrospectively analysed records of 3691 PKU patients and 18,455 matched non-PKU subjects in a case-controlled adult study (≥20 years old) based upon United States insurance claims databases between 1998 and 2014 to assess the prevalence of comorbidities. The adjusted prevalence ratios (PRs) of 15 conditions studied (alopecia, anaemia, asthma, eczema, oesophageal disorders, gallbladder disease, gastritis/esophagitis, kidney calculus, osteoporosis, overweight, renal insufficiency, rhinitis and urticaria) were significantly higher for the PKU cohort (p ≤ 0.001 for all). The highest adjusted PR (p < 0.001 for both) were for renal insufficiency with hypertension (PR (95% confidence intervals, 95% CI) = 2.20 (1.60–3.00)) and overweight (PR (95% CI) = 2.06 (1.85–2.30)). Trefz et al. [5] conducted a similar analysis in Germany, which comprised 377 adult PKU patients and 3770 matched controls. The highest PRs (1.6–2.3) were documented for major depressive disorders, chronic ischemic heart disease, asthma, dizziness and giddiness, diabetes mellitus, infectious gastroenteritis and colitis, and reactions to severe stress and adjustment disorders.



Oztürk et al. [10] suggested a higher risk of Helicobacter pylori (HP) infection in children with PKU than that in healthy peers (28.1% vs 9.4%). However, the control group of healthy subjects was very small. A dramatically higher frequency rate was documented in patients with mean Phe levels above 600 µmol/L for the preceding two years (51.8%) than those with lower concentrations (10.2%). Therefore, we aimed to determine the prevalence of HP in an adequately sized group of patients with PKU and thoroughly selected healthy peers. In addition, we correlated the presence of infection with individually defined metabolic control.




2. Materials and Methods


The study comprised patients with PKU treated at five centres in Poland. The inclusion criteria included a diagnosis of classical PKU, continuous treatment from birth and willingness to participate in the study. The exclusion criteria were chronic diseases, which could influence Phe levels. All subjects with PKU were continuously receiving Phe-free formula. None of them were on additional treatment (e.g., BH4, PEG-PAL formulation). None of the patients had a detectable neurological impairment or intellectual problems. All patients were attending normal schools, study or work. The assessment of metabolic control was based on Phe levels obtained within 12 months preceding the study. Phe concentrations were expressed as milligrams per decilitre (mg/dL). The number of tests, median Phe level and the percentage of abnormal Phe concentrations (>6 mg/dL up to 12 years of age and >10 mg/dL for older patients) were calculated for each patient according to recent recommendations [11]. Similarly, the percentage of Phe concentration exceeding the range of 6, 10 and 12 mg/dL was considered. The control group (healthy subjects—HS) consisted of healthy peer relatives of patients from metabolic centres. None of the patients with PKU or HS had received antibiotics or gastric acid suppressors (e.g., proton pump inhibitors) for 3 and 12 months, respectively, before the urea breath test (UBT).



In all patients and healthy controls, body weight and height were measured, and body mass index (BMI) was calculated. BMI was recalculated for patients younger than 18 years according to International Obesity Task Force values (BMI-IOTF corrected) [12]. The presence of HP was assessed using the 13C isotope-labelled UBT. The 13CO2/12CO2 ratio measurement was carried out using a 13C-infrared isotope analyser system (IRIS, Wagner Analysen Technik, Bremen, Germany) as described earlier [13,14].



The sample size was calculated with the assumption of a 15% difference (half of the previously published [10]) in the prevalence of HP infection between the studied group (25% vs 10%), assuming type II error of 20% and type I error of 5%. The minimal numbers of patients and controls were defined as 100 for each group. The minimum sample size was calculated using G*Power software (University of Kiel, Kiel, Germany).



The mean and standard deviation (SD), median, and interquartile range (IQR) were calculated for all data. The Mann–Whitney U test was used to compare continuous variables between the groups. The Fisher’s test was used in the case of Boolean variables. The odds ratio (OR) was calculated to compare the frequency of HP infection in patients with PKU depending on age, BMI and metabolic control in the preceding year (according to (a) the median Phe concentration or (b) the percentage of abnormal Phe concentrations or the percentage of Phe concentrations higher, respectively, than (c) 6 mg/dL, (d) 10 mg/dL, (e) 12 mg/dL). Forward stepwise regression models were built to identify variables with the strongest relationship with HP infection. The models included: age, gender, BMI (IOTF adjusted) and metabolic control (as described for OR). Statistical significance was set at 0.05, and all tests were two-sided. Statistical analyses were carried out using Statistica 13.3 (TIBCO Software, Palo Alto, CA, USA).



The study was approved by the Bioethical Committee at Poznan University of Medical Sciences (protocol code: 1069/15 and date of approval: 3 December 2015); all the patients provided informed consent for their participation in this research project.




3. Results


The characteristics of the studied subjects are summarised in Table 1. Patients with PKU and HS did not differ in terms of basic parameters (age, gender, BMI and BMI-IOTF corrected). The mean and median Phe concentrations in subjects with PKU in the preceding year were 8.62 and 7.67 mg/dL. The mean and median ratio of abnormal Phe levels counted for 46.4% and 36.4%, respectively. There was no difference in the infection rate between patients with PKU and HS (10.7% vs 15.5%; p = 0.41).



Subjects with PKU infected with HP were older and had higher BMI values (p = 0.026 and p = 0.048, respectively). However, BMI values corrected for age (BMI-IOTF corrected values) did not differ (p = 0.73). The frequency of testing and metabolic control of HP-positive and HP-negative patients in the preceding year were very similar (Table 2).



The odds of being infected with HP were higher for adults than for children and adolescents (p = 0.032). However, no differences were detected for nutritional status (BMI) or metabolic control (median Phe concentration and ratio of abnormal results) in the preceding year (Table 3).



Forward stepwise regression revealed that, exclusively, age was the independent correlate of HP infection. The five models explained a relatively low fraction of the variability of condition (R2 = 0.1085−0.1117, adjR2 = 0.0721−0.0754, p for the model = 0.020−0.023, p for the determinant factor = 0.0009−0.0016).




4. Discussion


This is the first comparative study on the prevalence of HP infection in patients with PKU and healthy controls using a urea stable isotope breath test [13]. We did not confirm the higher HP prevalence in patients with PKU as suggested by Oztürk et al. [10]. However, they performed a faecal test for the detection of the HP antigen, whereas we applied UBT as a gold standard [13]. Moreover, the number of healthy controls in the above-mentioned study was very small (n = 32) [10]. In the present study, we defined an adequate sample size, and assessed a large cohort of patients with PKU (n = 103) and matched healthy peers (n = 103).



The infection rate in patients with PKU and HS in the present study was not different. Similarly, the prevalence of HP did not differ between selected age subgroups from our study and recent country-based publications comprising healthy peers (Table 4). Żabka et al. [15] studied 356 healthy children aged 3–18 years, whereas Szaflarska-Popławska and Soroczyńska-Wrzyszcz [16] evaluated 3067 healthy teenagers (aged 13–17 years). In both studies, carried out in the general population, the prevalence of HP diagnosed by UBT was not significantly higher than that found in children and teenagers with PKU in our study [15,16]. Similarly, Tacikowski et al. [17], in a group of 148 adults, performed UBT and did not find a higher rate of infection than we noted in our adult patients. However, the authors assessed patients with dyspepsia with a mean age of 45 years (on average 10 years older than our control adult subjects). Having in mind the limitations mentioned above, the thoroughly selected control group in the present study seems to be of high clinical significance. However, the prevalence of infection in other Polish studies is similar and confirms the obtained results [18,19]. Interestingly, the prevalence of HP infection in the control group of Oztürk et al. [10] was significantly different (9.4%) than that in two large groups of children (n = 885 and n = 101) studied in Turkey (63.2% and 47.2%, respectively), based upon a histopathological assessment [20,21]. Although the prevalence of gastritis/esophagitis was suggested to be higher in American adult patients with PKU [4], gastritis and duodenitis were not documented to be more frequent in German patients [5] as compared to the prevalence of gastritis/esophagitis in healthy controls. However, patients with chronic diseases undergo more thorough controls, and are more likely to be diagnosed with other diseases. Therefore, one should consider the (relative) overestimation of morbidity in PKU as compared to healthy subjects in analyses based upon health records.



In subjects with PKU, we did not find any association between metabolic control and the prevalence of HP infection. Our results significantly contradict the findings by Oztürk et al. [10], who found five times more frequent HP infection in individuals with PKU with worse metabolic control than in those with better metabolic control (subjects with a median concentration higher or lower than 600 mmol/L, respectively) in their study. PKU diet compliance definitely influences neurological impairment and may impact nutritional status [22]. However, it is difficult to find a link to a potentially higher prevalence of HP in patients with PKU that are not significantly intellectually impaired. However, it should be considered that 15% of the PKU patients in the study by Oztürk et al. [10] were aged 2–8 years at diagnosis, which was made due to them being developmentally delayed. Besides, in our study, the mean age of individuals with PKU and HS was 15.97 ± 10.22 years and 15.92 ± 10.19 years, respectively, while Oztürk et al. [10] recruited younger children (PKU group: 8.2 ± 6.7 year, outpatient controls: 9.6 ± 4.7 years, respectively). Similarly to a previous PKU study [10], none of the patients were symptomatic.



The strengths of our study are that it includes the largest studied population of patients with PKU and controls, the use of a non-invasive gold standard technique and well-defined metabolic control. The limitations comprise the lack of analysis of family history, socioeconomic status, potential risky behaviours (such as consuming raw vegetables, drinking unboiled water, using collective catering facilities) [16] and the current intelligence scale. However, none of our patients were handicapped. Their previous IQ results were within the normal range for the population.




5. Conclusions


In conclusion, the HP infection rate in treated PKU is not higher than in the general population. Moreover, it does not depend on recent metabolic control.







Author Contributions


Conceptualization, M.W. and A.L.; methodology, M.W., J.W. and A.L.; validation, J.W.; formal analysis, M.W.; investigation, M.W., Ł.K., R.M., B.M., J.J., E.S. and A.L.; data curation, M.W., M.J. and R.N.; writing—original draft preparation, M.W. and A.L.; writing—review and editing, Ł.K., R.M., M.J., B.M., J.J., E.S.; R.N. and J.W.; supervision, A.L.; project administration, J.W. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding. The APC was funded by the Department of Pediatric Gastroenterology and Metabolic Diseases, Poznan University of Medical Sciences.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of the Poznan University of Medical Sciences (protocol code: 1069/15 and date of approval: 3 December 2015).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to the disagreement of the study participants.




Conflicts of Interest


Ł.K. reports fees and nonfinancial support from Nutricia, Nestle-Vitaflo, Mead Johnson, Biomarin, Recordati and Takeda. J.W. reports personal fees and nonfinancial support from Biocodex, BGP Products, Chiesi, Hipp, Humana, Mead Johnson Nutrition, Merck Sharp & Dohme, Nestle, Nutricia, Roche, Sequoia Pharmaceuticals and Vitis Pharma, outside the submitted work, and also a grant and personal fees from Norsa Pharma and Nutricia Research Foundation Poland, also outside the submitted work. A.L. reports personal fees from Norsa Pharma, outside the submitted work and a grant from Nutricia Research Foundation Poland. Other authors declare no conflict of interest. The funders had no role in the design of the study, in the collection, analyses, or interpretation of data, in the writing of the manuscript, or in the decision to publish the results.




References


	



Van Spronsen, F.J.; Blau, N.; Harding, C.; Burlina, A.; Longo, N.; Bosch, A.M. Phenylketonuria. Nat. Rev. Dis. Primers 2021, 7, 36. [Google Scholar] [CrossRef]

	



Lichter-Konecki, U.; Vockley, J. Phenylketonuria: Current treatments and future developments. Drugs 2019, 79, 495–500. [Google Scholar] [CrossRef]

	



Bilder, D.A.; Noel, J.K.; Baker, E.R.; Irish, W.; Chen, Y.; Merilainen, M.J.; Prasad, S.; Winslow, B.J. Systematic review and meta-analysis of neuropsychiatric symptoms and executive functioning in adults with phenylketonuria. Dev. Neuropsychol. 2016, 41, 245–260. [Google Scholar] [CrossRef] [PubMed]

	



Burton, B.K.; Jones, K.B.; Cederbaum, S.; Rohr, F.; Waisbren, S.; Irwin, D.E.; Kim, G.; Lilienstein, J.; Alvarez, I.; Jurecki, E.; et al. Prevalence of comorbid conditions among adult patients diagnosed with phenylketonuria. Mol. Genet. Metab. 2018, 125, 228–234. [Google Scholar] [CrossRef] [PubMed]

	



Trefz, K.F.; Muntau, A.C.; Kohlscheen, K.M.; Altevers, J.; Jacob, C.; Braun, S.; Greiner, W.; Jha, A.; Jain, M.; Alvarez, I.; et al. Clinical burden of illness in patients with phenylketonuria (PKU) and associated comorbidities—A retrospective study of German health insurance claims data. Orphanet J. Rare Dis. 2019, 14, 181. [Google Scholar] [CrossRef]

	



Walkowiak, D.; Kaluzny, L.; Bukowska-Posadzy, A.; Ołtarzewski, M.; Staszewski, R.; Moczko, J.A.; Musielak, M.; Walkowiak, J. Overweight in classical phenylketonuria children: A retrospective cohort study. Adv. Med. Sci. 2019, 64, 409–414. [Google Scholar] [CrossRef] [PubMed]

	



MacDonald, A.; Nanuwa, K.; Parkes, L.; Nathan, M.; Chauhan, D. Retrospective, observational data collection of the treatment of phenylketonuria in the UK, and associated clinical and health outcomes. Curr. Med. Res. Opin. 2011, 27, 1211–1222. [Google Scholar] [CrossRef]

	



Cazzorla, C.; Bensi, G.; Biasucci, G.; Leuzzi, V.; Manti, F.; Musumeci, A.; Papadia, F.; Stoppioni, V.; Tummolo, A.; Vendemiale, M.; et al. Living with phenylketonuria in adulthood: The PKU attitude study. Mol. Genet. Metab. Rep. 2018, 11, 39–45. [Google Scholar] [CrossRef]

	



Walkowiak, D.; Bukowska-Posadzy, A.; Kałużny, Ł.; Ołtarzewski, M.; Staszewski, R.; Musielak, M.; Walkowiak, J. Therapy compliance in children with phenylketonuria younger than 5 years: A cohort study. Adv. Clin. Exp. Med. 2019, 28, 1385–1391. [Google Scholar] [CrossRef] [PubMed]

	



Oztürk, Y.; Erdur, B.; Arslansoyu, S.; Soylar, R. Helicobacter pylori infection among children with phenylketonuria. Jpn. J. Infect. Dis. 2013, 66, 433–435. [Google Scholar] [CrossRef]

	



Van Wegberg, A.M.J.; MacDonald, A.; Ahring, K.; Bélanger-Quintana, A.; Blau, N.; Bosch, A.M.; Burlina, A.; Campistol, J.; Feillet, F.; Giżewska, M.; et al. The complete European guidelines on phenylketonuria: Diagnosis and treatment. Orphanet J. Rare Dis. 2017, 12, 162. [Google Scholar] [CrossRef] [PubMed]

	



Cole, T.J.; Lobstein, T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity. Pediatr. Obes. 2012, 7, 284–294. [Google Scholar] [CrossRef]

	



Józefczuk, J.; Mądry, E.; Nowak, J.; Walkowiak, M.; Łochocka, K.; Banasiewicz, T.; Pławski, A.; Kwiecień, J.; Walkowiak, J. Conflicting results of non-invasive methods for detection of Helicobacter pylori infection in children with celiac disease—A preliminary study. Acta Biochim. Pol. 2016, 63, 127–130. [Google Scholar] [CrossRef] [PubMed]

	



Drzymała-Czyż, S.; Kwiecień, J.; Pogorzelski, A.; Rachel, M.; Banasiewicz, T.; Pławski, A.; Szczawińska-Popłonyk, A.; Herzig, K.H.; Walkowiak, J. Prevalence of Helicobacter pylori infection in patients with cystic fibrosis. J. Cyst. Fibros. 2013, 12, 761–765. [Google Scholar] [CrossRef]

	



Żabka, A.; Kwiecień, J.; Bąk-Drabik, K.; Krzywicka, A.; Porębska, J.; Pieniążek, W. Does frequency of H. pylori in children 3–18 years old decrease? (Preliminary report). Probl. Med. Rodz. 2010, 2, 18–20. [Google Scholar]

	



Szaflarska-Popławska, A.; Soroczyńska-Wrzyszcz, A. Prevalence of Helicobacter pylori infection among junior high school students in Grudziadz, Poland. Helicobacter 2019, 24, e12552. [Google Scholar] [CrossRef]

	



Tacikowski, T.; Bawa, S.; Gajewska, D.; Myszkowska-Ryciak, J.; Bujko, J.; Rydzewska, G. Current prevalence of Helicobacter pylori infection in patients with dyspepsia treated in Warsaw, Poland. Prz. Gastroenterol. 2017, 12, 135–139. [Google Scholar] [CrossRef]

	



Krusiec-Świdergoł, B.; Kwiecień, J.; Jonderko, K.; Strój, L.; Kasicka-Jonderko, A.; Błońska-Fajfrowska, B. Decreasing prevalence of Helicobacter pylori infection in children in Poland. Prz. Gastroenterol. 2010, 5, 279–284. [Google Scholar] [CrossRef]

	



Przybyszewska, K.; Bielanski, W.; Fyderek, K. Frequency of Helicobacter pylori infection in children under 4 years of age. J. Physiol. Pharmacol. 2006, 57, 113–122. [Google Scholar]

	



Gurbuz, B.C.; Inceman, H.N.; Aydemir, M.; Celtik, C.; Gerenli, N.; Zemheri, E. Prevalence of Helicobacter pylori among children in a training and research hospital clinic in Istanbul and comparison with Updated Sydney Classification Criteria. North Clin. Istanb. 2020, 7, 499–505. [Google Scholar] [CrossRef]

	



Ozbey, G.; Dogan, Y.; Demiroren, K.; Ozercan, I.H. Prevalence of Helicobacter pylori in children in eastern Turkey and molecular typing of isolates. Braz. J. Microbiol. 2015, 46, 505–511. [Google Scholar] [CrossRef] [PubMed]

	



Mozrzymas, R.; Walkowiak, D.; Drzymała-Czyż, S.; Krzyżanowska-Jankowska, P.; Duś-Żuchowska, M.; Kałużny, Ł.; Walkowiak, J. Vitamin K status in adherent and non-adherent patients with phenylketonuria: A cross-sectional study. Nutrients 2020, 12, 1772. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Basic characteristics of patients with phenylketonuria (PKU) and healthy subjects (HS).






Table 1. Basic characteristics of patients with phenylketonuria (PKU) and healthy subjects (HS).





	
Parameter

	
PKU

(n = 103)

	
HS

(n = 103)

	
p






	

	
N (%)

	




	
Gender

	

	

	
1.00




	
Female

	
58 (56.3)

	
58 (56.3)




	
Male

	
45 (43.7)

	
45 (43.7)




	

	
Mean ± SD

Median (1st–3rd quartile)

	




	
Age (years)

	
15.97 ± 10.22

12.86 (8.67–18.94)

	
15.92 ± 10.19

12.80 (8.55–19.12)

	
0.99




	
BMI (kg/m2)

	
20.58 ± 5.00

19.82 (16.29–23.12)

	
19.77 ± 3.98

19.50 (16.06–22.62)

	
0.44




	
BMI-IOTF corrected (kg/m2)

	
23.00 ± 4.10

22.07 (20.13–24.37)

	
22.19 ± 2.93

21.82 (19.82–23.68)

	
0.28




	
Number of Phe tests/year

	
10.3 ± 7.7

8 (5–14)

	
-

	
-




	
Phe concentration (mg/dL) in the preceding year

	
8.62 ± 4.85

7.67 (4.68–11.40)

	
-

	
-




	
* Abnormal Phe concentrations (%)

	
46.4 ± 38.0

36.4 (10.6–84.0)

	
-

	
-




	
Phe concentrations > 6 mg/dL (%)

	
62.8 ± 34.7

72.7 (30.4–100)

	
-

	
-




	
Phe concentrations > 10 mg/dL (%)

	
35.4 ± 36.9

23.1 (0–69.0)

	
-

	
-




	
Phe concentrations > 12 mg/dL (%)

	
23.3 ± 32.3

6.7 (0–39.3)

	
-

	
-








BMI—body mass index; IOTF—International Obesity Task Force; n—number; Phe—phenylalanine; SD—standard deviation; * 6 mg/dL up to 12 years of age and 10 mg/dl for older patients.
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Table 2. Clinical characteristics of patients with phenylketonuria infected (HP-positive) and uninfected (HP-negative) with Helicobacter pylori.






Table 2. Clinical characteristics of patients with phenylketonuria infected (HP-positive) and uninfected (HP-negative) with Helicobacter pylori.





	
Parameter

	
HP-Positive

(n = 11)

	
HP-Negative

(n = 92)

	
p






	

	
N (%)

	




	
Gender

	

	

	
1.00




	
Female N (%)

	
6 (54.5)

	
52 (56.5)




	
Male N (%)

	
5 (45.5)

	
40 (43.5)




	

	
Mean ± SD

Median (1st–3rd quartile)

	




	
Age (years)

	
24.84 ± 11.54

25.79 (16.54–31.71)

	
14.90 ± 9.58

12.26 (8.43–17.26)

	
0.0026




	
BMI (kg/m2)

	
23.41 ± 5.50

22.84 (19.64–26.15)

	
20.24 ± 4.85

19.62 (16.18–22.67)

	
0.048




	
BMI (kg/m2) (IOTF corrected)

	
23.67 ± 5.37

22.84 (20.30–26.49)

	
22.92 ± 3.96

22.05 (20.16–24.10)

	
0.73




	
Number of Phe tests/year

	
9.2 ± 5.2

7 (5–13)

	
10.4 ± 7.9

8 (5–13)

	
0.92




	
Phe concentration (mg/dL) in the preceding year

	
9.26 ± 4.78

8.29 (6.63–10.17)

	
8.54 ± 4.88

7.65 (4.64–11.67)

	
0.54




	
* Abnormal Phe concentrations (%)

	
37.0 ± 30.0

28.6 (20.0–52.4)

	
47.5 ± 38.9

46.4 (9.1–85.7)

	
0.56




	
Phe concentrations > 6 mg/dL (%)

	
69.6 ± 32.1

77.8 (55.0–100)

	
61.9 ± 35.0

72.1 (29.8–100)

	
0.54




	
Phe concentrations > 10 mg/dL (%)

	
36.4 ± 30.5

28.6 (20.0–52.4)

	
35.3 ± 37.8

21.5 (0–69.2)

	
0.56




	
Phe concentrations > 12 mg/dL (%)

	
21.2 ± 28.6

0 (0–35.6)

	
23.6 ± 32.9

6.7 (0–38.8)

	
0.77








BMI—body mass index; IOTF—International Obesity Task Force; N—number; Phe—phenylalanine; SD—standard deviation; * 6 mg/dL up to 12 years of age and 10 mg/dl for older patients.
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Table 3. The odds of being infected by Helicobacter pylori depending on age, body mass index (BMI) and metabolic control in the preceding year in patients with phenylketonuria.
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Patients

	
OR (95% CI)

	
p






	
Older vs younger than 18 years

	
4.0571 (1.1249–14.6333)

	
0.032




	
With BMI higher vs lower than 25 kg/m2

	
1.35 (0.3275–5.5650)

	
0.68




	
Median Phe concentration higher vs lower than respective cut-off level for age

	
0.7108 (0.1946–2.5963)

	
0.60




	
Percentage of abnormal results higher than

	
40%

	
0.3590 (0.0896–1.4393)

	
0.15




	
50%

	
0.3750 (0.0935–1.5032)

	
0.17




	
70%

	
0.6107 (0.1518–2.4570)

	
0.49








BMI—body mass index; OR—odds ratio; Phe—phenylalanine; 95% CI—95% confidence intervals.
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Table 4. Prevalence of Helicobacter pylori (HP) infection in patients with phenylketonuria (PKU) and in healthy subjects (HS) in Poland.
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Age Group

	
HP Infection Rate (%)

	
p




	
Present Study

	
Other Studies




	
PKU

	
HS

	
HS






	
3–6 years

	
0

	
0

	

	
1.00




	
3.7 [15]

	
1.00




	
7–12 years

	
2.7

	
5.4

	

	
0.62




	
11.0 [15]

	
0.13




	
13–18 years

	
13.3

	
16.7

	

	
1.00




	
15.0 [15]

	
1.00




	
23.6 [16]

	
0.28




	
Young and middle-aged adults

	
22.2

	
29.6

	

	
0.76




	
35.8 [17]

	
0.19
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