
803

http://journals.tubitak.gov.tr/medical/

Turkish Journal of Medical Sciences Turk J Med Sci
(2022) 52: 803-808
© TÜBİTAK
doi:10.55730/1300-0144.5376

Paraoxonase-1 and fetuin-A levels in children with cerebral palsy

Özlem UNAY DEMİREL1
, Özlem GÜNGÖR2

, Seyda İĞNAK TARLIĞ3,*, Meral YÜKSEL4


1Department of Medical Biochemistry and Bahçeşehir University Göztepe Medical Park Hospital Central Laboratory, Faculty of 
Medicine, Bahçeşehir University, İstanbul, Turkey

2Department of Physiotherapy and Rehabilitation, Faculty of Health Sciences, Bahçeşehir University, İstanbul, Turkey 
3Department of Medical Biology, Faculty of Medicine, Bahçeşehir University, İstanbul, Turkey

4Department of Medical Laboratory Techniques, Vocational School of Health Services, Marmara University, İstanbul, Turkey

* Correspondence: seyda_ignak@hotmail.com

1. Introduction
Cerebral palsy (CP) is a state of encephalopathy characterized 
by nonprogressive posture and motor impairment, usually 
accompanied by speech abnormalities, visual and cognitive 
defects, and epilepsy resulting from injury to the developing 
brain that occurs antenatally, perinatally, or early 
postnatally [1–3]. The incidence of CP is approximately 1.5 
to 2.5 per 1000 live births worldwide, whereas in Turkey 
is 4.4 per 1000 live births [4,5].  Several factors play a role 
in the etiology of CP which partly explains variations in 
clinical findings. It may be due to either congenital, genetic, 
inflammatory, metabolic, anoxic, traumatic, or infectious 
causes [6]. Hypoxic-ischemic and inflammatory conditions 
are among the key factors which lead to cell death and 
cell process loss in CP patients [3]. An antioxidant and 
antiinflammatory enzyme known as Paraoxonase 1 (PON-
1) a member of the paraoxonase family which is primarily 
expressed in the liver, is transported in the circulation 
via high-density lipoprotein (HDL). It is well known that 
PON-1 prevents further damage with its peroxidase and 
lactonase activity during the inflammatory process and 

in this way provides antioxidant and antiinflammatory 
actions. Changes in circulating PON-1 concentrations 
are reported in certain diseases like cardiovascular and 
neurological diseases in which oxidative stress is involved 
[7,8]. Another antiinflammatory marker, Fetuin-A has a 
glycoprotein structure and it belongs to the cystatin protein 
family which is mainly synthesized in the liver. Fetuin-A 
shows neuroprotective effect by its antiinflammatory 
effect in cerebral ischemia. It is known that Fetuin-A 
plays a role in the remodeling of the neonatal brain and 
it is reactivated in the damaged brain [9,10]. Therefore, 
increased Fetuin-A level may reduce the inflammatory 
response and prevent further brain damage [11]. Cerebral 
palsy patients can be clinically assessed by the gross motor 
function classification system (GMFCS) which is the gold 
standard for evaluating motor function in CP patients [12]. 
Moreover, fine motor function test and modified Ashworth 
scale are also generally used in this group to determine the 
degree of spasticity [13]. 

To date, studies have focused on risk factors and clinical 
status in children with CP. According to our knowledge, 
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there is no study evaluating antiinflammatory markers like 
PON-1 activity and Fetuin-A levels and clinical status. In 
our study, we aimed to investigate the relationship between 
antiinflammatory markers such as PON-1, Fetuin- A, high 
sensitive C-Reactive Protein (hsCRP) as well as blood lipid 
parameters and clinical status in patients with CP. 

2. Materials and methods
2.1. Study design
The patients with cerebral palsy were admitted to the 
physical therapy and rehabilitation unit in the Göztepe 
Medical Park Hospital. The study was conducted with 79 
children which were divided into two groups as CP (n = 
38) and control (n = 41). The patient’s history was taken 
and a physical examination was performed. The control 
group was selected from healthy children outpatient 
clinic. Age, sex, and other demographic characteristics of 
the control group were matched accordingly with the CP 
group. Children with epilepsy, head trauma, any kind of 
neuropsychiatric disorder and metabolic disorder, acute 
or chronic infection were excluded from the control 
group. The study protocol was approved by the local ethics 
committee and written informed consent for the study was 
obtained from the legal guardian of all subjects.
2.2. Assessment of gross motor function and spasticity
The Modified Ashworth scale (MAS) was used to determine 
spasticity. The total score was obtained from the addition 
of individual scores of hip, knee, and ankle for both lower 
limbs. Gross motor functional ability was evaluated by the 
GMFM-66 [14,15].
2.3. Biochemical analysis
After overnight fasting, blood was collected. Serum was 
separated using centrifugation at 1500 × g for ten min. 
Serum samples were aliquoted and stored at –80 °C until 
analysis. High sensitivity CRP (hsCRP), total cholesterol, 
LDL (low-density lipoprotein), triglyceride, and HDL 
(high-density lipoprotein) levels were determined by 
Abbott Architect ci8200 autoanalyzer (Abbott Park, IL, 
USA). Paraoxonase activity was measured by the initial 
rate of paraoxon hydrolysis to yield pnitrophenol at 25 °C 
with spectrophotometric technique which was performed 
at 405 nm [16]. Fetuin-A level was evaluated by using 
enzyme-linked immunosorbent assay (ELISA) Aviscera 
Bioscience (Santa Clara, California, USA) according to 
the manufacturer’s instructions. Intra- and inter assay 
coefficients of variation were found to be 4.5%.
2.4. Statistical analysis
In this study, IBM SPSS Statistics 22 for statistical analysis 
(SPSS IBM, Turkey) programs were used. The suitability 
of the variables to normal distribution was evaluated 
by Shapiro Wilks test, Q-Q graphs, and histograms. 
Descriptive statistical methods (mean, standard deviation, 

frequency, percentage, median, quartiles) and also 
quantitative data that did not show normal distribution 
were used for the Mann-Whitney U test. Pearson chi-
square test and Continuity (Yates) corrected chi-square 
tests were used to evaluate the qualitative data. Significance 
was accepted as p < 0.05.

3. Results
We included 79 children and 38 of them were CP whereas 
41 were in the control group in our study. The general 
characteristics of study groups are shown in Table 1. 
The clinical findings of CP group were evaluated by 
physiatrists. Moreover, physical examination findings 
of children in the CP group in terms of gross motor 
function, fine motor function, modified Ashworth scale, 
and reflex grades are represented in Table 2. Most of the 
patients had GMF of Grade 3-5. The assessment of fine 
motor function of our study group was mostly Grade 1. 
Since the groups based on grades were not homogenously 
distributed, we did not perform statistical analysis. When 
we evaluated the biochemical parameters we found a 
statistically significant difference between the CP and the 
control group in terms of PON-1 activity, hsCRP, HDL, 
and total cholesterol levels. Biochemical test results are 
presented in Table 3. There was no statistically significant 
difference in Fetuin-A levels between the two groups. 
However Fetuin-A levels were significantly higher in 
CP children without maternal intrauterine infection (p 
= 0.043, p < 0.05), in children without congenital brain 
malformations (p = 0.012, p < 0.05), in patients without 
bradycardia and hypoxia in perinatal period (p = 0.036, p 
< 0.05), in patients without mental retardation (p = 0.020, 
p < 0.05), in patients without salivation (p = 0.012, p < 
0.05), in patients without speech problems (p = 0.032, p < 
0.05), in patients without musculoskeletal disorders (p = 
0.002, p < 0.05) when compared to CP children with these 
problems. On the other hand, Fetuin-A, LDL, and total 
cholesterol levels were significantly higher in children with 
CP who were not affected by socio-economic factors than 
those affected (p < 0.05).  The distribution of risk factors, 
perinatal and postnatal characteristics are summarized 
respectively in Table 4-5. 

4. Discussion
This study shows that PON-1 activity is significantly 
lower and hsCRP levels are higher in children with CP 
when compared with the control group. PON-1 which 
is incorporated into HDL structure prevents lipoprotein 
oxidation via lipid peroxide hydrolysis in oxidized LDL 
and HDL molecules [8,17]. It is also known that low 
PON-1 activity is a risk factor for the development of 
cardiovascular disease independently of HDL level [8,18]. 
We detected low PON-1 activity and increased HDL level in 
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children with cerebral palsy in our study group, which may 
be a risk factor in advancing age. Therefore, determination 
of PON-1 activity may play a role in the early diagnosis 
of cerebral palsy and follow-up in long term may give 
information about the tendency of cardiovascular diseases. 
There are some studies done for the determination of 
PON-1 activity in the pediatric population [19–21]. It is 
shown that low levels of PON-1 enzyme are maintained 
between 2 to 7 years of age [22–24]. In our study, most of 
the children in both the CP and the control group were 
older than 2 years of age. 

Another routine laboratory test which is hsCRP is 
regarded as a prognostic marker in cerebrovascular and 
cardiovascular diseases in addition to its inflammatory 
action [25–27]. There was a statistically significant increase 
in hsCRP levels in CP when compared to the control 
group. Pingel et al. found that CRP levels are 8 times higher 
in children with CP when compared to healthy adults. 
Furthermore, CRP indicates catabolism of muscle tissue 
and it might play a role between poor muscle function and 
systemic inflammation [28]. Moreover, Fetuin-A which 
plays a role in the  remodeling of newborn brain tissue is 
reactivated in damaged brain tissue such as ischemia and 
inflammation [9]. However, we did not find any significant 
difference when we compared the two groups. According 
to the studies, there is no definitive reference range of 
Fetuin-A in infants and children.  This may be partly 
explained by differences in diet, physical activity, and 
genetics [11]. As far as we know antiinflammatory markers 
such as PON-1 and Fetuin-A levels are not determined in 
children with CP.  

Although many risk factors of CP were identified up 
to now, half of the diagnosed patients did not have any 
risk factors [29]. In our study, inherited diseases and 
socioeconomic factors are encountered approximately in 
one-third of the CP patients. We found increased levels of 
Fetuin-A, LDL, and total cholesterol in CP patients who 
were not affected by socioeconomic factors. 

Besides the antiinflammatory markers, a blood lipid 
profile was also determined. In some studies, it was 
indicated that CP patients have more tendency towards 
vascular diseases which can be explained by increased 
inflammatory status and impaired blood lipid profile 
[30–31]. We observed a significant difference in HDL and 
total cholesterol levels whereas there was no difference 
in LDL cholesterol levels between the two groups. Cece 
et al. reported that there was no difference by means of 
total cholesterol, LDL, HDL, and triglyceride levels in 
children with CP and the control group [32]. Another 

Table 1. Evaluation of general characteristics of children by groups.

CP group
(n = 38)

Control group
(n = 41)

Total
(n = 79)

Age (months) Mean ± SD 84.2 ± 40.2 67.8 ± 61.5 75.7 ± 52.7
Sex Female 13 (34.2%) 15 (36.6%) 28 (35.4%)

Male 25 (65.8%) 26 (63.4%) 51 (64.6%)
Age group ≤24 months 3 (8%) 5 (12.2%) 8 (10.1%)

25–72 months 14 (36.8%) 12 (29.3%) 26 (33%)
73–108 months 14 (36.8%) 11 (26.8%) 25 (31.6%)
≥109 months 7 (18.4%) 13 (31.7%) 20 (25.3%)

Min-Max: Minimum-Maximum, Mean ± SD: Mean ± Standard Deviation

Table 2. Distribution of physical examination results of children 
in CP group (n = 38).

Grade n (%)

Gross motor function 0 1 (2.6%)
1 3 (7.7%)
2 4 (10.3%)
3 7 (17.9 %)
4 20 (51.2%)
5 4 (10.3%)

Fine motor function 0 6 (15.8 %)
1 31 (81.6 %)
2 1 (2.6%)

Ashworth scale (modified) 0 5 (13.1 %)
1 9 (23.7%)
2 18 (47.4%)
3 6 (15.8%)

Reflexes                                                       0 11 (29 %)
1 7 (18.4%)
2 19 (50%)
3 1 (2.6%)
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study conducted by McPhee P et al. found that LDL levels 
were high in adult CP patients in relation to reference 
range [33]. Specific biomarkers can be used to evaluate 
the clinical course in CP patients. These patients are 
characterized by observations of caregivers such as head 
lag, inability to grasp, not sitting, etc. The diagnosis of 
cerebral palsy is made by evaluating the neurological 
findings along with the associated risk factors. Due to the 
variations in clinical indicators, diagnosis of CP is often 
delayed until 12–24 months of age. It is known that earlier 
diagnosis of CP provides an opportunity for initiating 

therapies in a period when brain development is rapid and 
neuroplasticity occurs [29,34].

GMFCS not only gives information about the motor 
function of the patient at the present time but also predicts 
long-term physical limitations considering that the patient 
may need physical assistance or mobility equipment in the 
future. GMFCS is a 5 level clinical classification system 
and it is not an applicable test for children younger than 
24 months [29,34]. In our study, we had only 3 patients 
younger than 24 months of age. Noble et al. used a modified 
Ashworth scale to evaluate the degree of spasticity which 

Table 3. Evaluation of biochemical parameters of children by groups.

Biochemical parameters CP group (n = 38)
Median (min-max)

Control group (n = 41)
Median (min-max) p-value

PON1 (U/L) 102.20 (96–121.8) 133.4 (104.9–156.4) p < 0.001*
Fetui-A (pg/mL) 984 (368–1258) 421 (278–649) p = 0.082
HDL (mg/dL) 50 (31–68) 32 (9–76) p = 0.002*
LDL (mg/dL) 88 (57–147) 79 (32–165) p = 0.060
Total cholesterol (mg/dL) 165.5 (119–219) 127 (79–282) p = 0.002*
hsCRP (mg/L) 0.48 (0.2–12.69) 1.12 (0.2–4.57) p = 0.052
Triglyceride (mg/dL) 106 (54–270) 110 (36–502) p = 0.851

Mann Whitney U Test * p < 0.05

Table 4. Distribution of risk factors for children in the CP group (n = 38).

CP Risk Factors Yes
n (%)

Inherited diseases 12 (31.6)
Maternal intrauterine infections 8 (21.1)
Metabolic diseases of the mother 5 (13.2)
Intrauterine anoxia or decreased blood flow to the fetus 7 (18.4)
Rh mismatch-development of kernicterus as a result of AB0 and Rh mismatch 3 (7.9)
Exposure to radiation. teratogens in the first trimester 1 (2.6)
Chemical poisoning 2 (5.3)
Complicated pregnancy. bleeding 4 (10.5)
Congenital brain malformations 5 (13.2)
Socioeconomic factors 12 (31.6)
Reproductive insufficiency 3 (7.9)
Maternal mental retardations. convulsions -
Multiple pregnancy 10 (26.3)
Abortion trials 10 (26.3)
Fetus posture disorders due to lack of amniotic fluid 2 (5.3)
Abdominal trauma 1 (2.6)
Prenatal cerebral hemorrhage -
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can also explain the correlation between spasticity and 
gross motor function suggested by other studies [35]. In 
our study, 51.2% of patients were grade 4 in GMFCS and 
47.4% of patients were grade 2 in the modified Ashworth 
scale. Because of the uneven distribution of patients 
correlation between laboratory parameters and clinical 
status could not be performed.

There are several limitations to our study. First of 
all, we could not find any relation between laboratory 
parameters and GMFCS, modified Ashworth scale 
because of the small sample size and uneven distribution 
of groups. Since Fetuin-A, is increased in CP patients, 
there was no statistically significant difference so it would 
be appropriate to investigate in more detail with increased 
sample size by stabilizing biological variables such as diet 
and exercise. Furthermore, studies can be focused on the 
role of PON-1 in CP patients for predicting cardiovascular 
and cerebrovascular events which may be observed later 
in life span.

In suspected CP patients less than 24 months of age 
who possess prenatal and postnatal risk factors, the 
determination of PON-1 activity can be considered as a 
biomarker to support early diagnosis. 
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Table 5. Distribution of perinatal and postnatal characteristics in 
CP group (n = 38).

Yes
n (%)

CP perinatal period

Premature < 36 weeks 18 (47.4)

Low birth weight (< 2500 g) 20 (52.6)

Difficult/intervention delivery 14 (36.8)

Abnormal arrival 2 (5.3)

Intracranial hemorrhage 1 (2.6)

Trauma 1 (2.6)

Infection 9 (23.7)

Bradycardia and hypoxia 11 (28.9)

Low APGAR score 11 (28.9)

Anoxia 10 (26.3)

CP postnatal period

Trauma 2 (5.3)

Infection 7 (18.4)

Intracranial hemorrhage 1 (2.6)

Coagulopathies -

Convulsion 5 (13.2)

Hyperbilirubinemia 11 (28.9)

Arteriovenous malformations -

Anoxia 1 (2.6)

Inflammatory-immunological causes -

Intracranial pathologies 1 (2.6)

References

1. Mutch L, Alberman E, Hagberg B, Kodama K, Perat MV. Cerebral 
palsy epidemiology: where are we now and where are we 
going? Developmental Medicine and Child Neurology 1992; 
34(6): 547-51. doi: 10.1111/j.1469-8749.1992.tb11479.x

2. Aycicek A, Iscan A. Oxidative and antioxidative capacity in 
children with cerebral palsy. Brain Research Bulletin 2006; 69 
(6): 666-668. doi: 10.1016/j.brainresbull.2006.03.014

3. Marret S, Vanhulle C, Laquerriere A. Pathophysiology of cerebral 
palsy. Handbook of Clinical Neurology 2013; 111: 169-76. doi: 
10.1016/B978-0-444-52891-9.00016-6

4. Surveillance of cerebral palsy in Europe: a collaboration of cerebral 
palsy surveys and registers. Surveillance of Cerebral Palsy in 
Europe (SCPE). Developmental Medicine and Child Neurology 
2000; 42 (12): 816-824. doi: 10.1017/s0012162200001511

5. Tosun A, Gökben S, Serdaroğlu G, Polat M, Tekgül H. Changing 
views of cerebral palsy over 35 years: the experience of a center. 
The Turkish Journal of Pediatrics 2013; 55 (1): 8-15.

6. Sankar C, Mundkur N. Cerebral palsy-definition, classification, 
etiology and early diagnosis. Indian Journal of Pediatrics 2005; 
72 (10): 865-868.  doi: 10.1007/BF02731117

7. Camps J, Marsillach J, Joven J. The paraoxonases: role in human 
diseases and methodological difficulties in measurement. 
Critical Reviews in Clinical Laboratory Sciences 2009; 46 (2): 
83-106. doi: 10.1080/10408360802610878

8. Menini T, Gugliucci A. Paraoxonase 1 in neurological disorders. 
Redox Report 2014; 19 (2): 49-58. doi:10.1179/135100021
3Y.0000000071

9. Heinen MC, Babler A, Weis J, Elsas J, Nolte K et al. Fetuin-A 
protein distribution in mature inflamed and ischemic brain 
tissue. PLoS One 2018; 13 (11): e0206597. doi: 10.1371/journal.
pone.0206597

10. Elsas J, Sellhaus B, Herrmann M, Kinkeldey A, Weis J et al. 
Fetuin-A in the developing brain. Developmental Neurobiology 
2013; 73 (5): 354-369. doi: 10.1002/dneu.22064.



UNAY DEMİREL et al. / Turk J Med Sci

808

11. Robinson KN, Teran-Garcia M. From infancy to aging: Biological 
and behavioral modifiers of Fetuin-A. Biochimie 2016; 124: 
141-149. doi: 10.1016/j.biochi.2015.12.016

12. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi 
B. Development and reliability of a system to classify gross 
motor function in children with cerebral palsy. Developmental 
Medicine and Child Neurology 1997; 39 (4): 214–223. doi: 
10.1111/j.1469-8749.1997.tb07414.x

13. Gregson JM, Leathley MJ, Moore AP, Smith TL, Sharma AK et 
al. Reliability of measurements of muscle tone and muscle 
power in stroke patients. Age Ageing 2000; 29 (3): 223-228. 
doi: 10.1093/ageing/29.3.223

14. Bohannon RW, Smith MB. Interrater reliability of a modified 
Ashworth scale of muscle spasticity. Physical Therapy 1987; 67 
(2): 206-207. doi: 10.1093/ptj/67.2.206

15. Russell DJ, Avery LM, Rosenbaum PL, Raina PS, Walter SD et 
al. Improved scaling of the gross motor function measure for 
children with cerebral palsy: evidence of reliability and validity. 
Physical Therapy 2000; 80(9): 873-885.

16. Yavuz DG, Yuksel M, Deyneli O, Ozen Y, Aydın H, Akalin 
S. Association of serum paraoxonase activity with insulin 
sensitivity and oxidative stress in hyperthyroid and TSH-
suppressed nodular goitre patients.  Clinical Endocrinology 
2004; 61 (4): 515-521. doi: 10.1111/j.1365-2265.2004.02123.x

17. Baysal SS, Koc S. Oxidant-Antioxidant balance in patients with 
coronary slow flow. Journal of Pakistan Medical Association 
2019; 35 (3): 786-792. doi: 10.12669/pjms.35.3.162

18. Mackness B, Durrington P, McElduff P, Yarnell J, Azam N et 
al. Low paraoxonase activity predicts coronary events in the 
Caerphilly Prospective Study. Circulation 2003; 107 (22): 2775-
7279. doi: 10.1161/01.CIR.0000070954.00271.13

19. Chen J, Kumar M, Chan W, Berkowitz G, Wetmur JG. Increased 
influence of genetic variation on PON1 activity in neonates. 
Environmental Health Perspectives 2003; 111 (11): 1403-1409. 
doi: 10.1289/ehp.6105

20. Roest M, Rodenburg J, Wiegman A, Kastelein JJ, Voorbij HA. 
Paraoxonase genotype and carotid intima-media thickness in 
children with familial hypercholesterolemia. European Journal 
of Cardiovascular Prevention & Rehabilitation 2006; 13 (3): 
464-466. doi: 10.1097/00149831-200606000-00025

21. Ecobichon DJ, Stephens DS. Perinatal development of human 
blood esterases. Clinical Pharmacology & Therapeutics 1973; 
14 (1): 41-47. doi: 10.1002/cpt197314141

22. Garcés C, López-Simón L, Rubio R, Benavente M, Cano B et 
al. High-density lipoprotein cholesterol and paraoxonase 1 
(PON1) genetics and serum PON1 activity in prepubertal 
children in Spain. Clinical Chemistry and Laboratory Medicine 
2008; 46 (6): 809-813. doi: 10.1515/CCLM.2008.163

23. Sumegová K, Nagyová Z, Waczulíková I, Zitnanová I, Duracková 
Z. Activity of paraoxonase 1 and lipid profile in healthy 
children. Physiological Research 2007; 56 (3): 351-357. 

24. Huen K, Harley K, Brooks J, Hubbard A, Bradman A et al. 
Developmental changes in PON1 enzyme activity in young 
children and effects of PON1 polymorphisms. Environmental 
Health Perspectives 2009; 117 (10): 1632-1638. doi: 10.1289/
ehp.0900870

25. Yoon BH, Romero R, Shim JY, Shim SS, Kim CJ et al. C-reactive 
protein in umbilical cord blood: a simple and widely available 
clinical method to assess the risk of amniotic fluid infection 
and funisitis. Journal of Maternal-Fetal and Neonatal Medicine 
2003; 14 (2): 85-90. doi: 10.1080/jmf.14.2.85.90

26. Ziakas A, Gavrilidis S, Giannoglou G, Souliou E, Gemitzis K et al. 
In-hospital and long-term prognostic value of fibrinogen, CRP, 
and IL-6 levels in patients with acute myocardial infarction 
treated with thrombolysis. Angiology 2006; 57 (3): 2832-93. 
doi: 10.1177/000331970605700304

27. Di Napoli M. C reactive protein and acute phase of ischaemic 
stroke. British Medical Journal 2001; 322(7302): 1605-1606.

28. Pingel J, Barber L, Andersen IT, Walden FV, Wong C et al. 
Systemic inflammatory markers in individuals with cerebral 
palsy. European Journal of Inflammation 2019, 17: 1-6. doi: 
10.1177/2058739218823474

29. Michael-Asalu A, Taylor G, Campbell H, Lelea LL, Kirby RS. 
Cerebral Palsy: Diagnosis, Epidemiology, Genetics, and 
Clinical Update. Advances in Pediatrics 2019; 66: 189-208. doi: 
10.1016/j.yapd.2019.04.002

30. Kinugasa-Taniguchi Y, Tomimatsu T, Mimura K, Kanagawa 
T, Shimoya K et al. Human C-reactive protein enhances 
vulnerability of immature rats to hypoxic-ischemic brain 
damage: a preliminary study. Reproductive Sciences 2010; 17 
(5): 419-425. doi: 10.1177/1933719110361379

31. Schoendorfer NC, Vitetta L, Sharp N, DiGeronimo M, Wilson 
G et al. Micronutrient, antioxidant, and oxidative stress 
status in children with severe cerebral palsy. Journal of 
Parenteral and Enteral Nutrition 2013; 37 (1): 97-101. doi: 
10.1177/0148607112447200

32. Cece H, Yetisgin A, Abuhandan M, Yildiz S, Calik M et al. 
Evaluation of carotid intima-media thickness, a marker of 
subclinical atherosclerosis, in children with cerebral palsy. 
Pediatric Radiology 2012; 42 (6): 6796-84. doi: 10.1007/
s00247-012-2361-y

33. McPhee PG, Gorter JW, Cotie LM, Timmons BW, Bentley T et al. 
Associations of non-invasive measures of arterial structure and 
function, and traditional indicators of cardiovascular risk in 
adults with cerebral palsy. Atherosclerosis 2015; 243 (2): 462-
465. doi: 10.1016/j.atherosclerosis.2015.09.035

34. Graham HK, Rosenbaum P, Paneth N, Dan B, Lin JP et al. 
Cerebral palsy. Nature Reviews Disease Primers 2016; 2: 
15082. doi: 10.1038/nrdp.2015.82

35. Noble JJ, Gough M, Shortland AP. Selective motor control 
and gross motor function in bilateral spastic cerebral palsy. 
Developmental Medicine and Child Neurology 2019; 61 (1): 
57-61. doi: 10.1111/dmcn.14024


