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Abstract. Objective. To identify the most important risk factors related to the
development of cerebral palsy in children of the Almaty city, Republic of Kazakhstan.
Material and methods. A retrospective case-control study to compare risk factor
prevalence among children among children from 6 months to 17 years old living in
Almaty with cerebral palsy (CP) and age-matched healthy children. Overall, 300
medical records was analysed. Results and conclusion. The most significant risk factors
for CP development in newborns are preterm birth, low birth weight, perinatal
infections, metabolic acidosis, hyperbilirubinemia and its consequences. The
hyperbilirubinemia among term babies is one of the crucial factors of CP development

in the Kazakhstani population.
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Introduction.

Cerebral palsy is a group of disorders that affect the developing foetal or infant
brain causing motor dysfunction. Motor disorders in CP are often accompanied by other
abnormalities including epilepsy, cognitive impairment, autism, etc. CP is the leading
cause of disability among children!-.

Many researchers believe that damage to the immature brain happens before birth.
However, there is an opinion that different factors could impact the brain up to the age
of 3 months causing CP as a consequence. There is some degree of uncertainty
regarding the exact etiological factors related to the development of the disease!™.
Known reasons for brain damage that may cause CP could entail congenital brain
anomalies, trauma, hypoxia, ischemic stroke, genetic disorders or infection. Infants
impacted by restricted foetal growth, preterm labour and toxic brain damage in cases
of the hyperbilirubinemia of newborns have a greater risk of developing CP**. The
highest risk for CP is registered in babies who were born before 28 weeks of gestation
with a low birth weight. Brain damage in the period between 24 and 40 weeks of

gestation happens in 50-70% of cases®. At the same time, the most critical risk is a
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combination of two of the risk factors listed above: low birth weight and preterm labour
(5 -8).

The CP incidence varies between 1.5 and 3 per 1,000 live births in different
populations’. Worldwide the prevalence of CP has remained the same over the last 15
years despite many efforts to improve obstetric and neonatal care. This trend is
explained by the fact that the CP risk factors in most of the cases affected babies
antenatal. Thus, the measures for obstetric and neonatal care improvement were not
effective. In Europe, the CP incidence decreased from 1.90 to 1.77 per 1,000 livebirths,
possibly related to the improved obstetric and neonatal care!®!'!. However, in some
regions of the World, the incidence of CP is still increasing. In the 2017 data for the
Republic of Kazakhstan, the number of CP cases reached 3.6 cases per 1,000 live births;
it varied from 0.8 to 6.7 cases per 1,000 live births in different regions of Kazakhstan12.
Over recent years, the number of CP diagnoses has demonstrated 10% growth.

To the best of our knowledge, this is the first paper to analyse the available data
regarding the significant issue of increasing CP prevalence in the Republic of
Kazakhstan. Our aim was to identify risk factors and their impact on CP development
in the Kazakhstan population and to promote the importance of managing these risk
factors as a measure to decrease the incidence of CP cases.

Materials and methods

The study included 150 children (main group) with cerebral palsy (CP) aged
between 6 months and 17 years who were born in Almaty and 150 children (control
group) of the same age who lived in Almaty city.

The data is a collection of clinical, functional, and laboratory information from
their medical records that has been put in a structured questionnaire: it includes the
discharge note from obstetrics, the history of the newborn’s development (the birth
record, the pregnancy card or individual card of a pregnant woman), and the hospital
discharge note.

Statistical analysis was performed using IBM SPSS Statistics, version 22.0. The

differences between categorical variables were analysed using Pearson’s chi-squared
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test and Fisher’s exact test. And the differences between continuous variables were
analysed using Tukey’s range test and Student’s t-test. The difference was considered
statistically significant if the P value was <0.05. The primary statistical analysis was
performed by calculating the prevalence of the CP risk factors in the general
population, with the stratification of the clinical diagnoses in the subgroups of the
pregnancy term during the time of the CP’s development.

The study was approved by the Local Ethical Committee of the Kazakh Medical
University of Continuous Education. The investigators obtained informed consent from
the parents or guardians of the children. Protocol Nel from 20.09.2017.

Results

In the group of children with CP, 85 (56.7%) were boys and 65 (43.4%) were girls;
in the control group, there were 61 (40.7%) boys and 89 (59.3%) girls.

The gestational age of below 37 w. (22-37 w.) was registered for 78 babies
(52.3%) with a diagnosis of CP. The gestational age of 28-34 w. was registered for 40
(26.7%) babies. In the control group, preterm babies (10 babies, 6.7%) were born at
34-37 weeks (p<0.001).

Preterm newborns in the main group had an increased risk of CP development:
OR 99.4 (95% CI1 6.0 to 163.8, p<0.0013) at the gestational age of 28 w + 0 dto 33 w
+ 6 d, and OR 5.0 (2.4 to 10.6, p<0.0001) at the gestational age of 34 w+0d do 36 w
+7d.

In the main group, the vast majority of babies (45%) were born with the very
low body weight (1000g. — 1499¢g). Meanwhile, in the control group, the majority
(78.6%) comprised babies with a body weight of between 3,999¢g. and 4,999 g.

Babies with a low birth weight in the main group had an increased risk of CP
development: OR 40.6 (95% CI 12.3 to 133.0, p<0.0001) in the group with a birth
weight of 1,000g. —1,499 g and OR 1.3 (95% CI 0.7 to 2.6, p = 0.3288) in newborns
with a birth weight of 1,500g.-2,499 g.
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Severe metabolic acidosis (pH<7.0; BE>12 mmol/l) was registered in 38 (25.3%)
newborns with CP and none in the control group.

Hyperbilirubinemia among full-term newborns with cerebral palsy was observed
in 58 (94.7%) newborns, and in the control group it was observed in 9 (6.0%) full-term
newborns OR 12.6 (95% CI 5.9 to 26.9, p<0.0001). Hyperbilirubinemia among
preterm infants was detected in all newborns in the main group and in the control group.
Kernicterus (bilirubin level over 425 pmol / L) was detected in 55 (36.7%) newborns
with cerebral palsy and none in the control group (p<0.001). Haemolytic disease of
newborns was detected in 57 (38.0%) newborns with cerebral palsy.

Intrauterine infections with sepsis were detected in 38.0% of newborns with
cerebral palsy (p <0.0001).

Discussion

The present study has shown that the main risk factors for the development of
cerebral palsy in newborns of the studied population are prematurity: OR 99.4 (95% CI
6.0 to 163.8, p<0.0013) at the gestational age of 28 w. + 0 d. to 33 w. + 6 d, low
(1.000g. -1.499¢) birth weight OR 40.6 (95% CI 12.3 to 133.0, p<0.0001), perinatal
infections with sepsis OR 28.8 (95% CI 10 to 82.7, p< 0.0001) and hyperbilirubinemia
with obvious consequences. All these risk factor are well known and well documented

by other researchers!>!5,

The most interesting fact in our study was that hyperbilirubinemia in the CP group
occurred in almost 97% of term babies vs. 6.0% of babies in the control group, and it
was one of the highest risk factors for CP development in term newborns OR 12.6 (95%
CI 5.9-26.9, p<0.0001). According to the data in the literature, hyperbilirubinemia in
newborns is diagnosed in approximately 2-4%'°. Thus, the risk factors for
hyperbilirubinemia are a low gestational age (<38 weeks), intraventricular
haemorrhage, cephalohaematoma, and low birth weight!”.

However, we did not find any literature that mentioned this high percentage of

hyperbilirubinemia among the term babies akin to the one we registered for term babies
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in our study. Hyperbilirubinemia is described as one of the risk factors for the
development of newborn encephalopathy and inadequate treatment of
hyperbilirubinemia in the newborn could lead to brain damage (kernicterus) and CP as
a consequence'®.

Sabena Setia at al. were the first to point out that East Asian neonates had more
significant total serum bilirubin means and a higher risk for hyperbilirubinemia and its
consequences'. It is difficult to say what the main reason for this fact was. We could
consider a gene mutation associated with hyperbilirubinemia among some of the Asian
race subgroups'’. However, we cannot ignore the fact that the diagnosis of
hyperbilirubinemia is often missed. The reasons for this could be a specific phenotype
due to which hyperbilirubinemia is ignored and babies are discharged from hospitals
without adequate treatment of their hyperbilirubinemia®. This limits the chances of
detecting the hyperbilirubinemia’s progression to more serious complications. This
feature is specific to countries with moderate levels of neonatal care?!. It is difficult to
say, but this probably explains the fact that, in some regions of Kazakhstan, where
European races were predominant, CP was registered in 0.6 per 1,000 live births, and,
in the other regions (Southern Kazakhstan), where the Asian race was more
predominant, there were 6 CP incidents per 1,000 newborns'*,

It could be concluded that, in the main group of children of the Almaty region in
the Republic of Kazakhstan, many risk factors for CP development did not differ from
those already detected. However, among the risk factors, the most significant in the
Kazakhstani population was hyperbilirubinemia with its consequences. Another
significant risk factor was perinatal infection. In the Kazakhstani population, more than
50 % of pregnant women suffer from pregnancy anaemia. It is likely, that pregnancy
anemia interferes with immune system functioning therefore increasing the risk of
perinatal infections. We plan to investigate this assumption in more detail in the future.

A group of researchers from Norway showed that the incidence of CP could be
changed by improving obstetric and neonatal care, and one of the ways to achieve this

was to reduce the number of preterm births!!. According to 2017 data, the number of
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preterm births in Kazakhstan reached 8%?*. Thus, reducing the number of preterm
births, perinatal infection, pregnancy anaemia and particularly giving more attention to
the problems associated with hyperbilirubinemia (early diagnosis, treatment protocols,
training of neonatologists, preterm neonatal care) could reduce the incidence of CP in
the Republic of Kazakhstan, which is the main conclusion of this study.

The limitations of this study include its reliance on the mentioned medical records:
some important objective factors, such as the resuscitation of newborns and others,
were not described in detail. We also did not have many important factors in the control
group, which was the reason why some of the risk factors lost their statistical
significance. Moreover, we did not analyse factors associated with the mother, which
might have indicated factors for the development of CP.

Therefore, to confirm the theory that hyperbilirubinemia is an important risk factor
for CP development in Kazakhstan, the analysis of the forms of CP in children should
be performed. Toxic brain damage in cases of hyperbilirubinemia mainly manifests in
damage to the basal ganglia and thalamus, which leads to the dyskinetic form of CP.
Toxic damage to the basal ganglia and thalamus has a bigger impact on term babies
than on preterm babies. This is why we can suggest that children born in term who have
the dyskinetic form of CP experienced hyperbilirubinemia during their postnatal
period?. Thus, the investigation of the forms of CP in the children who participated in
our study could answer the question regarding the influence of hyperbilirubinemia on
this pathology.
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