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Comparison of atherogenic risk factors among poorly controlled
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Abstract Background: Previous studies investigating the known risk factors of atherosclerosis in phenylketonuria
patients have shown conflicting results. The primary aim of our study was to investigate the serum atherogenic
markers in adolescent classical phenylketonuria patients and compare these parameters with healthy peers. The
secondary aim was to compare these atherogenic markers in well-controlled and poorly controlled patients.
Methods: A total of 59 patients (median age: 12.6 years, range: 11–17 years) and 44 healthy controls (median age:
12.0 years, range: 11–15 years) were enrolled in our study. Phenylketonuria patients were divided into two
groups: well-controlled (serum phenylalanine levels below 360 µmol/L; 24 patients) and poorly controlled
patients (serum phenylalanine levels higher than 360 µmol/L). Results: The mean high-density lipoprotein
cholesterol levels of well-controlled patients (1.0± 0.2 mmol/L) were significantly lower compared with poorly
controlled patients and controls (1.1± 0.2 mmol/L, p= 0.011 and 1.4± 0.2 mmol/L, p< 0.001, respectively).
Poorly controlled patients had lower high-density lipoprotein cholesterol levels than healthy controls
(p= 0.003). Homocysteine levels of both well-controlled (9.8± 6.4 µmol/L) and poorly controlled (9.2±
5.6 µmol/L) patients were higher compared with controls (5.8± 1.8 µmol/L, p< 0.01). The mean platelet
volume of well-controlled patients (9.5± 1.1 fL) was higher than that of poorly controlled patients and controls
(8.9± 0.8 fL, p= 0.024 and 7.7± 0.6 fL, p< 0.001, respectively). Conclusion: Lower high-density lipoprotein
cholesterol and higher homocysteine and mean platelet volume levels were detected in phenylketonuria patients.
In particular, these changes were more prominent in well-controlled patients. We conclude that phenylketonuria
patients might be at risk for atherosclerosis, and therefore screening for atherosclerotic risk factors should be
included in the phenylketonuria therapy and follow-up in addition to other parameters.
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PHENYLKETONURIA (OMIM: 261600) IS AN

autosomal recessive disorder caused by hepatic
phenylalanine hydroxylase (EC 1.14.16.1)

deficiency. Phenylketonuria is the most prevalent
inborn error of amino acid metabolism. Increased
phenylalanine levels cause irreversible neurological
damage in almost all children if they are not treated

with a phenylalanine-restricted diet, commenced
soon after birth. Adequate and continuous dietary
treatment results in good neurological outcome in
early diagnosed patients.1

Atherosclerotic risk factor assessment relies mainly
on the evaluation of dietary habits, anthropometric
measurements and blood pressure, blood lipid
and homocysteine levels, and other inflammatory
biomarkers, as well as genetic factors. Natural
protein-restricted and phenylalanine-restricted
diets, even if they are rich in fruits and vegetables
(antioxidants), represent a serious risk for nutritional
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deficiencies – for example, selenium, zinc, ubiquinone-
10, and L-carnitine;2 however, despite this vegan diet,
the risk for inflammation and oxidative stress increases
in phenylketonuria patients.3–5 Moreover, despite
decreased saturated lipids in this non-atherogenic green
diet, atherogenic blood changes such as altered lipid
profile6–8 or elevated homocysteine levels3,9 have been
observed in some studies. Inflammation, dyslipidae-
mia, and hyperhomocysteinaemia were shown to be
important risk factors for atherosclerosis.10,11 Athero-
sclerosis, beginning in childhood, may be predictive of
coronary artery disease in adulthood.12,13 Therefore,
early diagnosis of atherosclerosis is essential to prevent
its future complications.
There are few studies that have investigated the

known risk factors of atherosclerosis, such as blood lipids,
homocysteine, and mean platelet volume in phenylk-
etonuria patients, in the literature.3,6–9,14–22 In most of
these previous studies, these factors were evaluated
independently, and only one of them included mean
platelet volume levels.22 The primary aim of the present
study was to investigate the serum atherogenic markers
in adolescent phenylketonuria patients and compare
these parameters with healthy peers. The secondary aim
of this study was to compare the well-controlled and
poorly controlled patients regarding these atherogenic
markers.

Patients and methods

Study population
This study was conducted in Dokuz Eylül University
Faculty of Medicine, Department of Paediatrics,
Division of Paediatric Metabolism, Izmir, Turkey,
between June 2013 and December 2013. Participants
included adolescent phenylketonuria patients and
healthy controls between 11 and 18 years of age. In
total, 89 adolescent phenylketonuria patients were
screened. Patients with a disease other than phenylk-
etonuria, such as diabetes mellitus (one patient) and
hypothyroidism (one patient), who used other medi-
cations such as anti-inflammatory, antipyretic, or
anticonvulsive drugs or herbal medicines (three
patients), and smokers (two patients) were excluded.
Patients with acute infections (two patients) were
also excluded from the study. Patients with obesity
(15 patients) or protein–energy malnutrition
(five patients) were not included in this study. In total,
59 patients were included in this study. None of the
adolescent girls in the study group or the control
group were using oral contraceptive drugs. All
the patients were diagnosed as having classical
phenylketonuria by mass screening in the neonatal
period. Moreover, all the patients had pre-treatment
phenylalanine levels greater than 1200 µmol/L
between 3 and 7 days of life, and classical

phenylketonuria was diagnosed in these patients
by the analysis of dihydropteridine reductase activity
in erythrocytes and pteridine analysis in urine.23

All the patients were on phenylalanine-restricted
diet since the diagnosis. According to our standard
treatment protocol, adolescent patients had monthly
visits to our outpatient clinic. All the patients were
given amino acid mixtures. The phenylalanine
tolerance and diet regulations of all patients were
adjusted according to serum phenylalanine levels
during every visit. Patients’ total protein intakes were
0.8–1.2 g/kg/day – 0.20–0.40 g/kg/day from natural
sources and 0.6–0.8 g/kg/day from amino acid
mixture. Daily phenylalanine intakes ranged between
300 and 900mg/day according to phenylalanine
tolerance and the patient’s age and weight. Patients
who consumed vitamins, minerals, or fish oils in the
last three months were not included in the study.
Physical examinations and anthropometric measure-

ments of all patients and controls were performed. The
body mass index was calculated as weight divided by
height squared (kg/m2). Obesity was defined as a body
mass index exceeding the 95th centile based on the
patient’s age and sex.24 Relative weight was defined as
the ratio of the actual weight of the patient to the weight
of a child in the 50th centile of the same height and
gender×100. All patients and control children had
normal anthropometric values.
Systolic blood pressure and diastolic blood pressure

were measured by a mercurial sphygmomanometer
using the right arm in sitting position in all the
adolescents. Blood pressure higher than the 95th
percentile of blood pressure according to age-,
sex-, and height-specific norms was accepted as
hypertension.25 Patients – one patient was obese – or
controls with hypertension were not included.
Patients were divided into two subgroups according

to their mean serum phenylalanine levels of the previous
year, which were calculated from the data from the
monthly visits of the last year: well-controlled patients
(group 1) and poorly controlled patients (group 2). The
upper limit for the recommended range of blood
phenylalanine levels in phenylketonuria patients in this
age group who received the phenylalanine-restricted
diet varies between countries.26 We used 360 µmol/L
(6mg/dl) as the upper limit of cut-off for both children
and adolescents in our institution. On the other hand,
some of the patients, especially adolescents, did
not follow this diet strictly, as in other countries.26,27

Mean serum phenylalanine levels between 120 and
360 µmol/L were accepted as well-controlled for
classical phenylketonuria patients. Mean serum
phenylalanine levels greater than 360 µmol/L were
defined as poorly controlled in this study.
The control group (group 3) consisted of asympto-

matic healthy adolescents who were admitted to the
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well-child outpatient clinic of our hospital for medical
screening, which included screening for hepatitis,
thyroid function, lipid profile, coeliac disease, anaemia,
etc. All the screening test results were normal. All
the adolescents in this group were not taking any
medications, vitamin or mineral supplementation, and
did not use tobacco. All of them were on an omnivorous
diet. None of them had an acute or chronic infectious
disease. None of them had a history of familial
hypercholesterolaemia, hypertension, or chronic disease.
Anthropometric values of the controls were in the
normal range. Complete blood count, phenylalanine
and glucose level tests, lipid profiles, and liver function
tests of the control group were performed and the
results were found to be in normal ranges.

Laboratory analyses of atherosclerotic biomarkers
All the measurements were performed using blood
samples collected on the same morning in each child.
Blood was obtained by venipuncture in the forearm in
the morning after an overnight fast. Standard tubes
without an anti-coagulant (BD Vacutainer, Becton
Dickinson Company, New Jersey, United States of
America) were used for biochemical analysis. Samples
were centrifuged at 3000 g at 4°C for 15 minutes.
We measured the levels of fasting serum glucose, total
cholesterol, high-density lipoprotein cholesterol,
triglycerides, vitamin B12, and folic acid. Low-density
lipoprotein cholesterol level was calculated using
the Friedewald formula (LDL-C= total cholesterol−
HDL-C− triglycerides/5).28 Serum vitamin B12
and folic acid concentrations were measured by
chemiluminescence immunoassay method (Abbott
Architect i2000). Serum was used for measuring
blood phenylalanine levels, which were measured by
flourometric analysis (RF-5301PC, Shimadzu).
Standard tubes with constant amount of K3-

ethylenediaminetetraacetic acid (BD Vacutainer, Bec-
ton Dickinson Company) were used for complete blood
count analyses and for testing plasma homocysteine
levels. Plasma homocysteine was measured using a
kit (IC2801, ImmunoChrom) by high-performance
liquid chromatography with fluorescence detection
(Shimadzu). Complete blood count analyses were
performed using a Coulter analyzer (LH-780, Beckman
Coulter, Brea, California, United States of America) by
the impedance method (intra-assay variation coefficient
1.6%, inter-assay variation coefficient 1.6%), which was
routinely checked every month in the central laboratory
of our institution at regular intervals of 1 hour.

Ethical approval
The study protocol was designed in compliance with
the Declaration of Helsinki. Informed consent was
obtained from both the adolescents and their parents

on enrolment to the study. The study was started
after the approval of the Ethics Committee of the
Dokuz Eylul University Faculty of Medicine was
obtained (Ethics approval number: 2013/29-11)

Statistical analysis
Statistical analysis was performed using the Statistical
Package for Social Sciences version 15.0. Data are
presented as mean± standard deviation and median
[range, 25P–75P]. Student’s t-test was used for
comparing the phenylketonuria group with the
control group regarding age, relative weight,
phenylalanine level, and concentrations of lipids,
vitamin B12, homocysteine, and folic acid. The
Kruskal–Wallis test was used for analysing group
averages among the three groups (well-controlled,
poorly controlled patients, and healthy controls). The
Mann–Whitney U-test was used for comparing two
group averages as a post-hoc test (well-controlled
patients versus poorly controlled patients; well-
controlled patients versus controls; and poorly
controlled patients versus controls). The χ2 test was
used for comparing group ratios. All the p values are
two-tailed, and group differences or correlations with
p< 0.05 were considered to be statistically
significant.

Results

A total of 59 phenylketonuria patients (32 male,
mean age 13.7± 2.4 years, median: 12.6 [11–17]
years) and 44 healthy controls (19 male, mean age
13.0± 2.0 years, median: 12.0 [11–15] years) were
enrolled in this study. There were no significant
differences between phenylketonuria patients and
controls regarding age, gender, and relative weight
(p= 0.125, 0.321, and 0.594, respectively).
Haemoglobin levels, leucocyte and platelet counts,

triglyceride, total cholesterol, low-density lipopro-
tein cholesterol, and vitamin B12 levels did not differ
significantly between patients and controls. On
the other hand, mean high-density lipoprotein cho-
lesterol levels were significantly lower in patients
than in controls (1.1± 0.2 versus 1.4± 0.2 mmol/L,
p< 0.001). Homocysteine (9.5± 5.9 versus
5.8± 1.8 µmol/L, p< 0.001), folic acid (32.7± 9.2
versus 22.5± 7.2 nmol/L, p< 0.001), and mean
platelet volume (9.1± 1.0 versus 7.7± 0.6 fL,
p< 0.001) were higher in patients than in healthy
peers. Homocysteine levels were >15.0 µmol/L in
five children (8.5%, mean homocysteine level in this
group was 23.7± 9.6 µmol/L, median 19.0 [15.6–
34.1] µmol/L) in the patient group. There was no case
of hyperhomocysteinaemia in the control group.
High-density lipoprotein cholesterol levels of the
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hyperhomocysteinaemic group were significantly lower
(0.9± 0.07mmol/L, median 0.9 [0.8–1.0] mmol/L)
than in patients with homocysteine
levels <15.0 µmol/L (1.1± 0.2 mmol/L, median
1.0 [0.9–1.3] mmol/L) and in controls (p=0.044 and
p<0.001, respectively). No significant difference
was observed between triglyceride and low-density
lipoprotein cholesterol levels in all the three groups.
Among all, 24 phenylketonuria patients (41%,

8 girls) were well-controlled and 35 patients (59%,
19 girls) were poorly controlled. Clinical characteristics,
serum phenylalanine concentrations, and haematologi-
cal and biochemical parameters of patients and controls
are presented in Table 1. Mean serum phenylalanine
levels were 306.1± 78.0 µmol/L in well-controlled
and 720.8± 196.7 µmol/L in poorly controlled
patients (p<0.001). In control adolescents, mean
serum phenylalanine levels were 48.8±12.2 µmol/L
(p<0.001 for both phenylketonuria groups). None
of the adolescents in the control group had serum
phenylalanine levels >120 µmol/L.
The mean high-density lipoprotein cholesterol

levels of well-controlled patients (1.0± 0.2 mmol/L)
were significantly lower compared with poorly
controlled patients and controls (1.1± 0.2 mmol/L,
p= 0.011 and 1.4± 0.2 mmol/L, p< 0.001, respec-
tively). Moreover, poorly controlled patients had
lower high-density lipoprotein cholesterol levels than
healthy controls (p= 0.003). Homocysteine levels of
both well-controlled and poorly controlled patients
were significantly higher compared with control
adolescents (Table 1). On the other hand, there was
no statistically significant difference regarding
homocysteine levels between the two patient groups
(Table 1). Mean platelet volume levels showed no
difference between girls and boys in the patient
(9.1± 0.9 versus 9.1± 1.1 fL, p= 0.970) and control
groups (7.7± 0.7 versus 7.8± 0.4 fL, p= 0.704).
The mean platelet volume levels of well-controlled
patients (9.5± 1.1 fL) were higher compared with
the poorly controlled patients and controls
(8.9± 0.8 fL, p= 0.024 and 7.7± 0.6 fL, p< 0.001,
respectively). Furthermore, poorly controlled patients
had higher mean platelet volume levels than healthy
controls (p< 0.001) (Table 1).

Discussion

The results of this study showed that adolescent
phenylketonuria patients had significantly higher
homocysteine and mean platelet volume levels and
lower high-density lipoprotein cholesterol levels
compared with healthy controls. Furthermore, lower
high-density lipoprotein cholesterol levels and higher
mean platelet volume levels were detected in well-
controlled patients compared with the poorly

controlled ones. Furthermore, mean homocysteine
levels were higher in both phenylketonuria groups
compared with healthy peers; however, they were
similar in both well-controlled and poorly controlled
patient groups.
Previous studies investigating high-density

lipoprotein cholesterol status in phenylketonuria
patients have shown conflicting results. Some studies
in the literature did not find any difference between
phenylketonuria patients and controls14,15 and also
between well-controlled and poorly controled
phenylketonuria patients and healthy controls
regarding high-density lipoprotein cholesterol
levels.3,9,16,17 On the contrary, few other studies have
found lower high-density lipoprotein cholesterol
levels in phenylketonuria patients than in controls,
similar to our findings.6–8 Different mechanisms
might be involved for the lower high-density
lipoprotein cholesterol levels in phenylketonuria
patients. First, depressed apolipoprotein E (Apo E)
synthesis in PAH-deficient patients might cause
high-density lipoprotein cholesterol deficiency.6

Nagasaka et al6 showed that phenylketonuria
patients who were treated with phenylalanine-
restricted diet had diminished Apo E and high-
density lipoprotein cholesterol levels compared with
hyperphenylalaninaemia patients who did not receive
restricted diet and healthy controls. They concluded
that the diminished Apo E levels were due to
supressed high-density lipoprotein cholesterol
synthesis;6 however, the exact mechanism is not
known. We did not measure Apo E levels or perform
Apo E genotyping in our patients. Second, phenylk-
etonuria patients generally consume a vegetarian
diet, especially well-controlled patients who strictly
comply with this low-cholesterol diet.8,22 Our results
support this hypothesis. Numerous studies have
shown that people consuming vegetarian and
also vegan diet had lower high-density lipoprotein
cholesterol levels compared with omnivorous healthy
people.29–31 Although the exact mechanism is not
clear, a recent public-based study showed that Apo
A-1 levels were significantly lower in vegan women
than in their carnivorous peers when adjusted for
body mass index.32 As Apo A-1 is an important
structural apolipoprotein of the high-density lipo-
protein cholesterol molecule, diminished Apo A-1
levels might be a causative factor for lower high-
density lipoprotein cholesterol levels in vegetarians.
Another possible mechanism is the effect of elevated
homocysteine levels on high-density lipoprotein
cholesterol trafficking in phenylketonuria patients.
Holven et al33 demonstrated that hyperhomocystei-
naemic patients had impaired ability to induce
cholesterol efflux from lipid-loaded macrophages and
had dysfunctional high-density lipoprotein particles
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Table 1. Comparison of clinical and laboratory parameters between well-controlled (WC) and poorly controlled (PC) PKU patients and healthy controls (data are presented as mean± standard
deviation and median [range]).

p value

WC patients (n= 24) PC patients (n= 35) Controls (n= 44) WC versus PC WC versus C PC versus C

Age (years) 13.1± 2.4 14.1± 2.9 13.0± 2.0 0.115*
12.2 [11.4–14.0] 13.1 [11.5–18.0] 12.0 [11.0–15.0]

Gender (M/F) 16/8 16/19 19/25 0.743*
RW (%) 102.5± 9.3 101.2± 11.4 102.8± 10.2 0.777*

102.0 [91.0–109.0] 101.9 [92.0–110.0] 102.0 [98.0–111.0]
BMI (kg/m2) 19.1± 2.1 18.9± 1.9 19.7± 2.0 0.757*

19.0 [18.2–20.9] 19.0 [18.9–21.0] 19.2 [18.0–21.0]
SBP (mmHg) 107.9± 10.2 109.7± 10.6 108.8± 11.1 0.658*

108.0 [104.0–117.0] 109.3 [105.0–120.0] 108.2 [103.9–118.2]
DBP (mmHg) 68.9± 8.6 67.8± 8.4 69.1± 8.0 0.549*

69.1 [65.9–73.2] 68.0 [64.0–74.3] 69.0 [66.1–74.0]
Triglyceride (mmol/L) 1.0± 0.6 0.8± 0.3 0.8± 0.2 0.949*

0.8 [0.6–1.3] 0.8 [0.5–1.0] 0.8 [0.7–1.0]
LDL-C (mmol/L) 1.9± 0.5 2.0± 0.5 2.0± 0.5 0.700*

1.8 [1.4–2.2] 1.9 [1.7–2.4] 1.8 [1.5–2.7]
HDL-C (mmol/L) 1.0± 0.2 1.1± 0.2 1.4± 0.2 0.011 0.001 0.003

1.0 [0.8–1.1] 1.0 [1.0–1.3] 1.3 [1.2–1.6]
Glucose (mmol/L) 4.7± 0.3 4.6± 0.3 4.9± 0.3 0.665 0.057 0.010

4.6 [4.4–5.0] 4.6 [4.4–4.8] 4.7 [4.7–5.3]
Homocysteine (µmol/L) 9.8± 6.4 9.2± 5.6 5.8± 1.8 0.722 0.006 0.007

7.9 [5.4–13.4] 8.3 [5.1–10.9] 5.3 [4.4–6.6]
Folic acid (nmol/L) 32.4± 9.7 32.8± 9.0 22.5± 7.2 0.830 0.001 0.001

34.7 [26.1–40.6] 36.3 [25.1–40.4] 22.2 [17.0–26.7]
Vitamin B12 (pmol/L) 256.5± 139.3 308.8± 119.1 303.0± 85.8 0.141*

209.5 [146.1–350.5] 284.1 [230.9–344.6] 298.8 [241.3–353.5]
Leucocyte (×103/μl) 6.9± 1.7 6.7± 1.4 6.8± 1.4 0.839*

7.5 [5.2–8.0] 6.5 [5.8–7.3] 7.1 [5.6–7.8]
Thrombocyte (x103/μl) 245.2± 53.0 245.2± 50.5 266.7± 55.6 0.137*

237.5 [206.2–300.2] 241.0 [204.0–280.0] 263.0 [223.0–297.0]
MPV (fL) 9.5± 1.1 8.9± 0.8 7.7± 0.6 0.024 0.001 0.001

9.2 [8.9–9.7] 8.7 [8.2–9.6] 7.8 [7.3–8.1]
Phe level (µmol/L) 306.1± 78.0

6.0 [270.4–360.0]
720.8± 196.7
702.2 [582.4–860.8]

48.8± 12.2
48.1 [24.0–96.0]

0.001 0.001 0.001

BMI= body mass index; DBP= diastolic blood pressure; HDL-C= high-density lipoprotein cholesterol; LDL-C= low-density lipoprotein cholesterol; MPV=mean platelet volume; Phe= phenylalanine;
PKU= phenylketonuria; RW= relative weight; SBP= systolic blood pressure
*The Kruskal–Wallis test and the Mann–Whitney U-test were used
Statistically significant results were represented in bold characters
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with attenuated anti-atherogenic activity. Hyperho-
mocysteinaemia was detected in five patients in our
patient group. High-density lipoprotein cholesterol
levels were significantly lower in this hyperhomo-
cysteinaemic group than in patients with normal
homocysteine levels and healthy controls. Our results
support this hypothesis. Finally, the results of an
experimental study by Castillo et al.34 showed that
hyperphenylalaninaemia might inhibit 3-hydroxy-3-
methylglutaryl-CoA reductase and mevalonate-5-
pyrophosphate decarboxylase, which are two of the
main regulatory enzymes of cholesterogenesis.
Although lower high-density lipoprotein cholesterol
levels were seen in our study, total cholesterol and
low-density lipoprotein cholesterol levels were simi-
lar between groups. Thus, whether the results of this
animal study can be adapted to humans is unclear.
Decreased high-density lipoprotein cholesterol levels
were found to be associated with atherosclerosis in
numerous adult studies.35,36 On the other hand, new
basic and clinical studies are needed to evaluate the
atherogenic effect of diminished high-density lipo-
protein cholesterol levels in phenylketonuria
patients.
In this study, mean platelet volume in well-

controlled patients were higher compared with
poorly controlled patients and controls. Platelets play
an important role in the pathogenesis of disorders
associated with local or systemic inflammation.37,38

During atherogenesis, platelet activation and
aggregation along with migration of smooth muscle
cells from the media to the endothelium and
consequent proliferation are the early events. The
status of mean platelet volume has been proposed as a
marker for platelet activation, as larger-sized platelets
have been associated with higher pro-thrombotic risk,
which may also reflect atherosclerosis.39–42 The role
of mean platelet volume has been previously demon-
strated in various systemic disorders related to
inflammation and atherosclerosis, such as familial
Mediterranean fever,43 obesity,44,45 diabetes,46 and
coronary artery disease.47,48 To date, there are no data
about the presence of atherosclerosis in phenylk-
etonuria patients. On the other hand, several studies
demonstrated that phenylketonuria patients had
increased sub-clinical inflammation and oxidative
stress.4,5 In the previously mentioned study of Mutze
et al,22 which investigated the long-term effects of
phenylketonuria diet on fatty acid metabolism, 12
phenylketonuria patients with good metabolic control
and eight healthy controls were included. This study
also investigated the status of mean platelet volume in
phenylketonuria patients. The mean platelet volume
levels of the patients were not significantly different
compared with the controls in this study. In our study,
we had a larger number of patients and we showed a

significant difference between groups in terms of mean
platelet volume. Furthermore, we compared
the patients with good metabolic control and poor
metabolic control.
Homocysteine levels were higher in both

phenylketonuria groups compared with healthy peers
in our study. To date, one adult and five paediatric
studies have been reported investigating the serum/
plasma homocysteine levels in phenylketonuria
patients.3,9,18–21 Lucock et al and Huemer et al did
not find any differences between phenylketonuria
patients and controls regarding homocysteine
levels.18,19 On the other hand, Schulpis et al3,9 found
higher homocysteine levels in well-controlled
phenylketonuria patients compared with poorly
controlled patients and healthy peers in their two
different studies. Recently, two studies reported
reduced homocysteine levels in phenylketonuria
patients.20,21 Elevation of homocysteine concentra-
tion has been shown to be related to atherosclerosis in
previous case–control and prospective studies.49

On the other hand, no data were found indicating
hyperhomocysteinaemia and presence of athero-
sclerosis in phenylketonuria patients in the literature.
Hyperhomocysteinaemia enhances vascular disease
via endothelial dysfunction, smooth muscle cell
proliferation, and vascular re-modelling.50 It was
demonstrated that homocysteine elevation enhanced
platelet activation in both in vitro51 and in vivo52

studies. Moreover, it was demonstrated in animal
studies that homocysteine elevation caused oxidative
stress-diminished cardiac oxygen consumption,
which might lead to cardiac metabolic disease.53 All
these mechanisms may contribute to the pathogenesis
of atherosclerosis. Elevation of homocysteine levels
in phenylketonuria patients could be a result of
functional vitamin B12 deficiency due to a relatively
low intake of vitamins B6 and B12 as well as
folate.3,54 On the other hand, few other studies have
shown that phenylketonuria patients following a
strict diet supplemented with phenylalanine-free
amino acid formulae were not at risk of developing
deficiencies in these micronutients.55,56 More studies
are required to clarify these conflicting results.
A major limitation of our study is its small sample

size. The second limitation is the lack of the hyper-
phenylalaninaemia patients whose blood phenylala-
nine levels range between 120 and 600 µmol/L
without any dietary treatment to compare the dietary
effect on lipids, homocysteine, and mean platelet
volume levels as well as other nutritional factors.
Another limitation of this study is the absence of
information regarding other known inflammation
parameters such as C-reactive protein and tumour
necrosis factor alpha as well as oxidative stress
markers. Finally, we did not measure intima media
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thickness of the patients to directly identify the
presence or absence of atherosclerosis.
In conclusion, lower high-density lipoprotein

cholesterol levels and higher homocysteine and
higher mean platelet volume levels were detected in
phenylketonuria patients in our study. These changes
were more prominent in well-controlled phenylk-
etonuria patients. We conclude that phenylketonuria
patients might be at risk for atherosclerosis, and
therefore screening for atherosclerosis and athero-
sclerotic risk factors should be included in the
phenylketonuria therapy and follow-up in addition to
other parameters, such as patients’ history, examina-
tion, anthropometrical data, laboratory analyses, and
further clinical diagnostics such as intima media
thickness. The exact mechanism causing higher mean
platelet volume and lower high-density lipoprotein
cholesterol in well-controlled phenylketonuria
patients needs to be investigated.
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