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Association of cerebral palsy with consanguineous 
parents and other risk factors in a Palestinian population 
S. Daher 1,2 and L. El-Khairy 1,3

ABSTRACT This case–control study investigated risk factors for cerebral palsy in a Palestinian population. Cases were 107 
children aged 1–15 years at a cerebral palsy referral centre in Jerusalem; controls were 233 children without cerebral palsy 
from West Bank outpatient clinics. Data were collected from medical records and a structured questionnaire to parents. 
In stepwise logistical regression, consanguinity and birth deficits in other family members were positively associated 
with cerebral palsy (OR = 4.62; 95% CI: 2.07–10.3 and OR = 12.7; 95% CI: 3.13–51.7 respectively), suggesting a possible 
genetic link. Other risk factors were: perinatal hypoxia (OR = 92.5; 95% CI: 24.5–350), low birth weight (OR = 4.98; 95% CI: 
2.01–12.3), twin births (OR = 9.25; 95% CI: 1.29–66.8) and no prenatal medical care (OR = 5.22; 95% CI: 1.18–23.1). This first 
stepwise model of significant and modifiable risk factors in our population provides useful evidence for policy-makers.
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تراُبط الشلل الدماغي مع زواج األقارب وعوامل االختطار األخرى لدى الفلسطينيني
سوزي ظاهر، لينا اخلريي

ة للشــلل الدماغــي بــني الفلســطينيني. وهــي  ــط بــني عوامــل االختطــار املعروفــة واملســتجدَّ اخلالصــة: تســتهدف هــذه الدراســة إىل اســتقصاء الرتاُب
ــي يف  ــلل الدماغ ــاالت الش ــة ح ــز إلحال ــًا يف مرك ــني 1 و15 عام ــم ب ــرتاوح أعامره ــال ت ــملت 107 أطف ــت وش ــواهد أجري ــاالت والش ــة للح دراس
القــدس، إىل جانــب 233 طفــًا بــدون الشــلل الدماغــى كشــواهد مــن مراجعــي العيــادات اخلارجيــة يف الضفــة الغربيــة. وقــد مجعــت البيانــات مــن 
ــارب  ــح أن زواج األق ج اتض ــدرِّ ــتي املت ف اللوجس ــوُّ ــراء التح ــدان. وبإج ــؤه الوال ــة يمل ــًا للدراس ــم خصيص ــتبيان ُصمِّ ــن اس ــة وم ــجات الطبي الس
ــة = 4.62 بفاصلــة ثقــة 95 %  ــًا مــع الشــلل الدماغــي )نســبة األرجحي ــة لــدى األفــراد اآلخريــن مــن األرسة ترتابــط تراُبطــًا إجيابي والعيــوب الوالدي
وتــرتاوح بــني 2.07 – 10.3 بالنســبة لــزواج األقــارب، ونســبة األرجحيــة = 12.7 بفاصلــة ثقــة 95 % وتــرتاوح بــني 3.13 و51.7 بالنســبة للعيــوب الوالديــة 
لــدى أفــراد آخريــن مــن األرسة( ممــا يــدّل عــى وجــود رابــط وراثــي جينــي حمتمــل(. ومــن عوامــل االختطــار األخــرى: نقــص األكســجة يف الفــرتة 
ــة = 4.98  ــبة األرجحي ــوالدة )نس ــد ال ــوزن عن ــص ال ــني 24.5 - 350(، نق ــرتاوح ب ــة 95 % وت ــة ثق ــة = 92.5 بفاصل ــبة األرجحي ــوالدة )نس ــة بال املحيط
ــة = 9.25 بفاصلــة ثقــة 95 % وتــرتاوح بــني 1.29 و66.8(، وعــدم  بفاصلــة ثقــة 95 % وتــرتاوح بــني 2.01 – 12.3(، والتوائــم املتعــددة )نســبة األرجحي
ــوذج  ــذا النم ــدم ه ــني 1.18 و23.1(، ويق ــرتاوح ب ــة 95 % وت ــة ثق ــة = 5.22 بفاصل ــبة األرجحي ــوالدة )نس ــابقة لل ــرتة الس ــة يف الف ــة طبي ــود رعاي وج
التدرجــي األول مــن نوعــه لعوامــل االختطــار التــي ُيْعَتــدُّ هبــا، والتــي يمكــن تعديلهــا لــدى الفلســطينيني بيِّنــات مفيــدة ألصحــاب القــرار الســيايس.

Association de l'infirmité motrice cérébrale chez l'enfant, de la consanguinité chez les parents et d'autres 
facteurs de risque dans une population palestinienne

RÉSUMÉ La présente étude cas-témoins a étudié les facteurs de risque d'infirmité motrice cérébrale dans une  
population palestinienne. Le groupe de cas était composé de 107 enfants âgés de 1 à 15 ans consultant dans un centre 
d'orientation-recours pour l'infirmité motrice cérébrale à Jérusalem et celui des témoins de 233 enfants non affectés 
par cette pathologie et ayant eu recours à des services de consultations externes en Cisjordanie. Les données ont 
été recueillies à partir des dossiers médicaux et d'un questionnaire structuré administré aux parents. À l'analyse de 
régression logistique par étapes, la consanguinité et les anomalies congénitales chez d'autres membres de la famille 
étaient positivement associées à l'infirmité motrice cérébrale (OR = 4,62 ; IC à 95 % : 2,07–10,3 et OR = 12,7 ; IC à 
95 % : 3,13–51,7 respectivement), suggérant qu'un lien génétique était possible. D'autres facteurs de risque significatifs 
étaient les suivants : hypoxie périnatale (OR = 92,5 ; IC à 95 % : 24,5–350), faible poids de naissance (OR = 4,98 ; IC à 
95 % : 2,01–12,3), naissances gémellaires (OR = 9,25 ; IC à 95 % : 1,29–66,8) et absence de soins médicaux prénatals (OR = 
5,22 ; IC à 95 % : 1,18–23,1). Ce premier modèle par étape pour les  facteurs de risque importants et modifiables dans 
notre population fournit des informations utiles pour les responsables de l'élaboration des politiques.
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Introduction 

Cerebral palsy is the most common 
motor disability of childhood (1). It 
is caused by damage to the develop-
ing brain resulting in neurological and 
motor deficits. In adulthood mortal-
ity and morbidity from ischaemic heart 
disease, cerebrovascular disease, cancer 
and trauma are higher in people with 
cerebral palsy than in the general popu-
lation (2). The underlying causes of the 
condition remain under debate and 
vary from medical mismanagement at 
birth to multifactor steps which form 
a series of causal pathways (3). Lim-
ited research also suggests that there 
are population-specific factors which 
may produce unique risks (4). Better 
evidence about the contribution made 
by both known and emerging risk fac-
tors are important for prevention of the 
disorder.

Having consanguineous parents 
is a known risk factor for congenital 
disability and genetic disorders (5). 
Although the worldwide prevalence of 
cerebral palsy has remained stable at 
2–2.5 per 1000 live births (4), there are 
no population-based birth prevalence 
studies among highly consanguineous 
populations. It is estimated that one-
fifth of the world’s population located in 
the Middle East, West Asia and North 
Africa and in emigrant populations now 
living in North America, Europe and 
Australia are consanguineous. A study 
conducted in Palestine in 2004 found 
that the rate of consanguinity was 45% 
of all marriages (6). Other estimated 
prevalence rates in the region are 68% 
in Egypt, 33% in Syrian Arab Repub-
lic, 58.1% in Jordan, 54.4% in Kuwait, 
57.7% in Saudi Arabia and 50.5% in 
the United Arab Emirates (7). Despite 
this, studies into consanguinity and 
health in the region are limited. A study 
of Turkish children with cerebral palsy 
found consanguinity to be a top risk 
factor (8). This association of consan-
guinity with complex disorders such as 
cerebral palsy is new and the results are 

ambiguous (9). Some authors suggest 
consanguinity increases susceptibility 
to multifactorial diseases in addition to 
increased risks for autosomal recessive 
diseases compared with the general 
population (7). A more recent Jordani-
an study which examined global devel-
opmental disorders including cerebral 
palsy found that consanguinity was a 
major risk factor (9). Other evidence 
for developmental problems linked to 
consanguinity have been provided from 
the Syrian Arab Republic (10). A study 
in Palestine found higher reading dis-
abilities in children with consanguine-
ous parents (6,11). However, other risk 
factors of importance for cerebral palsy 
in the region have been suggested, such 
as hypoxia, low birth weight, jaundice 
and preterm birth (8,12).

Both cerebral palsy and consanguin-
ity are public health issues in Palestine. 
This research—the first known study 
in Palestine—adds to the existing in-
formation and highlights an important 
health problem. This study aimed to ex-
amine the association of cerebral palsy 
with known and emerging risk factors, 
including consanguinity, in Palestinian 
children in order to present a model of 
the salient risk factors for Palestine.

Methods

Study design and setting
A case–control study design was used. 
The cases were selected from The Prin-
cess Basma Centre for the Disabled, 
Mount of Olives, Jerusalem, which is 
the national cerebral palsy rehabilita-
tion centre for Arab children. Children 
under the age of 15 years are admitted 
free of charge for a period of 1 week to 
3 months, depending on need. It is the 
only centre in Palestine which offers 
residential physiotherapy, special edu-
cation, speech therapy, nursing services, 
social work and play. The unique holistic 
approach means that cases are referred 
by the Palestinian Ministry of Health 
(MOH), United Nations Relief and 

Work Agency for Palestine Refugees in 
the Near East (UNRWA) and private 
clinics. Therefore, cases came from 
all over Palestine. The controls were 
selected from West Bank outpatient 
clinics and were matched to cases based 
on the same geographical location of 
residence.

The study was carried out from 19 
January to 29 August 2011. A consent 
form was signed by all participants and 
permission for the study was obtained 
from Al-Quds University institutional 
review board and all the health-care 
providers.

Sample
The sample size was determined using 
the following case–control sample size 
equation:

where: p1 = proportion of exposure 
among cases; p0 = proportion of ex-
posure among controls; q1 = 1–p1; q0 
= 1–p0; α = 0.05; β = 0.2–power of 80%, 
based on the relative risk of the exposure 
and size of sample from existing pub-
lished studies. This was combined with 
the desired power of the statistical test 
(13): p0 = 0.049, p1 = 0.049 × 3.4 (RR) 
= 0.1666. From this, N = 105 for both 
cases and controls.

Males and females aged between 
1–15 years were included in this study. 
The diagnostic criteria for cases were 
a physician’s diagnosis of cerebral 
palsy and physician-documented risk 
factors in the patients’ records. From 
those resident at the Princess Basma 
Centre during the research period, a 
convenience sample of 107 cases with 
their mothers were recruited. The 
controls were selected by systematic 
probability sampling from every other 
child attending outpatient clinics on 
the day of the research visit, with any 
diagnosis except cerebral palsy. Clin-
ics were chosen randomly from MOH 
and UNWRA registries; private clinics 

N = (p0q0 + p1q1)( Z1–α/2 + Z1–β)2 / (p1 – p0)2
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evaluated based on education and 
father’s profession. The questionnaire 
was reviewed by 1 specialist paediatri-
cians in the field of cerebral palsy and 
2 general practitioners to judge the 
content validity. The use of medical 
records was important for criterion 
validity. The structure and content of 
medical records were similar for cases 
and controls, incorporating stand-
ardized patient record forms and 
documentation. Medical records were 
cross-checked with the information 
given. Consanguinity data was reliant 
on the mothers’ reporting, but as such 
a marriage is considered normal no 
stigma would deter honest responses. 
All interviews we conducted by the first 
author and the use of medical records 
may have been beneficial in minimiz-
ing recall bias and any interviewer bias.

Statistical analysis
The data were first analysed by descrip-
tive statistics including means and 
standard deviation (SD) and percent-
ages. The t-test was used to investigate 
the difference in means. Univariate 
analysis for single directional crude as-
sociations and the chi-squared test for 
cross-tabulation were used to investi-
gate whether proportions across more 
than one category among 2 or more 
independent groups were the same. 
Fisher exact test was used for small 
numbers. Logistic regression was used 
to test relationships between 2 non-
continuous variables and for model 
building. Each variable was entered 
into a stepwise logistical regression 
and adjusted for all other variables in 
the study to ascertain if the variable 
was confounded. All analysis was con-
ducted 2-tailed with P ≤ 0.05 significant. 
As the study set out to find the most 
significant risk factors for Palestine 
and to build the first known model for 
Palestinians, interaction was not tested. 
The small numbers in the study and the 
lack of possibility for generalization also 
informed the decision not to focus on 
possible interactions. Statistical analysis 

are not registered so local physicians 
were asked to identify suitable clinics 
in the different geographical locations. 
A total of 223 controls were included 
as cerebral palsy is a rare condition so a 
1:2 ratio of cases to controls was used; 
92 (41%) controls were recruited from 
MOH clinics, 22 (10%) from private 
and 109 (49%) from UNRWA clinics 
in the West Bank. The location of the 
clinics were classified into north, middle 
and south region in line with the ad-
ministrative divisions of the Palestinian 
Authority and controls were matched 
to cases in terms of geographical loca-
tion of residence. Any cases or controls 
whose medical documentation was ab-
sent were excluded. There were 13 case 
exclusions due to omissions in their files. 
None of the cases refused to participate 
and 3 of the controls declined.

Data collection
Data were collected in the same way for 
cases and controls using a structured 
questionnaire (Daher S, unpublished 
questionnaire, 2011) that was filled by 
the investigator from data in the medical 
records and an interview with mothers 
in Arabic. This included demographic 
data of the parents, characteristics of the 
pregnancy and delivery, and informa-
tion about the child including the child’s 
diagnosis (the distribution, tone and 
severity of cerebral palsy).

Variables
Through a PubMed literature search 
in January 2011, known risk factors 
for cerebral palsy were identified and 
a list of variables was drawn up as the 
basis for the questionnaire. Data on 
the following variables were obtained 
from the children’s medical records: 
place of delivery [Palestinian Authority 
Ministry of Health hospital (MOH), 
private or nongovernment hospital 
(NGO), Palestinian Red Crescent 
hospital]; type of delivery [trauma, 
normal spontaneous vaginal delivery, 
instrument assisted (forceps, vacuum), 
breech birth, caesarean section; reason 

for caesarean]; prematurity (no/yes; 
exact gestational age); multiple preg-
nancies (no/yes); vanishing twin (no/
yes); perinatal hypoxia (no/yes); 
low birth weight (< 2500 g/< 1500 
g; exact weight); incubation (no/yes; 
length of time); postnatal problems 
(haemorrhage/bleeding; other to be 
specified); perinatal jaundice (no/yes; 
bilirubin levels; documented length of 
time with jaundice); and congenital 
abnormalities (no/yes). Data on other 
relevant variables were obtained from 
interviews with mothers: parents’ age 
(mother and father); parents’ education 
(classified according to local exami-
nations: below tawghi, tawghi, college 
diploma, university); parents’ socio-
economic status [occupation of father 
and mother: initially classified using the 
International Standard Classification of 
Occupations 2008 (14) and grouped 
into professional, skilled, semiskilled, 
unemployed]; consanguineous parents 
(no/yes; 1st cousins, 2nd cousins, more 
distant family relations); any close or 
extended family members with physical 
or cognitive deficits from birth (no/
yes; disability to be specified); fertility 
treatment (type to be specified); and 
thrombophilia/clotting disorder (no/
yes). All variables except sociodemo-
graphic variables were defined using 
Taber’s cyclopedic medical dictionary (15).

Validation
Discussions as to the content and 
format of the questionnaire took 
place with multidisciplinary profes-
sionals who work at the hospital. A 
pilot study was used to verify that the 
questions were clear, the duration of 
the questionnaire was reasonable and 
that the questions, although of a per-
sonal nature, were not embarrassing. 
The questions appeared to have face 
validity; this was judged to be the case 
after the pilot study. As a result of the 
pilot study a question regarding the 
families’ income was removed, as there 
was no objective way of verifying this. 
Socioeconomic status was therefore 
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was done using SPSS, version 19 statis-
tical software.

Results

The demographic data for the 107 cases 
and 223 controls are presented in Table 
1. There was no statistically significant 
difference between the mean age of 
the case and control groups [3.87 (SD 
2.71) years and 4.17 (SD 3.94) years 
respectively] (P = 0.47). There were 
slightly more males than females in 
both groups (male:female ratio 1.18 for 
cases and 1.12 for controls). The great 
majority of mothers of both groups 

were housewives, and when mothers 
did work most were in professional 
employment. There was no statistically 
significant difference in the age of moth-
ers or fathers comparing the case and 
the control groups.

Table 1 shows that significantly 
more of the cases than controls were 
born to parents who were 1st cousins 
(34.6% versus 17.9%) or 2nd cousins 
(8.4% versus 1.3%) (P < 0.001). A family 
history of birth deficits was reported for 
15 (14.0%) cases and 4 (1.8%) controls.

Table 2 shows the birth character-
istics of the cases and controls. There 
was a statistically significant difference 
between the mean weight of cases and 

controls at delivery, with the cases hav-
ing lower birth weight [2686 (SD 902) 
g versus 3183 (SD 600) g] (P < 0.001). 
Mean gestational age was significantly 
lower in cases than controls [36.4 (SD 
5.2) weeks versus 38.5 (SD 2.2) weeks] 
(P < 0.001). Over half of the cases 
(58.9%) were incubated after delivery 
compared with only 6.3% of controls 
and the mean time spent under incuba-
tion was significantly longer for cases. 
Jaundice was noted for 18.7% of cases 
versus 7.6% of controls and the duration 
of jaundice was significantly longer for 
cases.

A high proportion of the cases were 
delivered by caesarean section (48, 

Table 1 Sociodemographic characteristics of the sample of cerebral palsy cases and control children and place of recruitment 
to the study

Variable Cases Controls P-value

(n = 107) (n = 223)

Child’s age (years) [mean (SD)] 3.87 (2.71) 4.17 (3.94) 0.47a

Child’s sex (no., %) 0.83a

Male 58 54.2 118 52.9

Female 49 45.8 105 47.1

Region of residence (no., %) 0.45a

North 43 40.2 88 39.5

Middle 53 49.5 101 45.3

South 11 10.3 34 15.2

Mother’s age (years) [mean (SD)] 27.5 (6.3) 27.1 (6.3) 0.588b

Father’s age (years) [mean (SD)] 33.0 (7.0) 32.9 (7.4) 0.908b

Mother’s occupation (no., %) 0.47a

Professional 5 4.7 16 7.2

Skilled 3 2.8 7 3.1

Unskilled 0 0.0 2 0.9

Unemployed/ housewife 99 92.5 198 88.8

Father’s occupation (no., %) < 0.05a

Professional 20 18.7 34 15.2

Skilled 26 24.3 59 26.5

Unskilled 43 40.2 86 38.6

Unemployed 12 11.2 43 19.3

Parents’ consanguinity (no., %) < 0.001a

Not related 56 52.3 169 75.8

1st cousins 37 34.6 40 17.9

2nd cousins 9 8.4 3 1.3

More distant family related 5 4.7 11 4.9

Family history of birth deficits c (no., %) 15 14.0 4 1.8
aChi-squared test; bt-test; cAny close or extended family members with physical or cognitive deficits from birth. 
SD = standard deviation.



 املجلد العرشوناملجلة الصحية لرشق املتوسط
العدد السابع

463

44.9%) compared with only 58 (26.0%) 
of the controls. The reasons for caesar-
ean section differed between cases and 
controls. For infants with cerebral palsy 
most of the caesarean deliveries were 
due to long labour, premature rupture 
of membranes, multiple births and fetal 
distress. For the controls the reasons 
included having all previous deliveries 
by caesarean section, loss of amniotic 
fluid, no contractions and the health of 
the mother. More of the control moth-
ers (17.8%) were aware of the reason for 
their caesarean section than were case 
mothers (7.3%).

Table 3 shows the regression analy-
sis for parents’ consanguinity (1st or 
2nd cousins) and other relations (more 
distantly related members of the same 
family). Cousin consanguinity was a 
significant risk factor for cerebral palsy 
(OR = 3.23; 95% CI: 1.93–5.39) (P 
< 0.001), whereas more distant family 
relations was not a significant risk.

Table 4 summarizes the univari-
ate analysis for all the study variables. 

Pregnancy and delivery variables that 
were significantly associated with a 
higher risk of cerebral palsy were: birth 
weight ≤ 2500 g (OR = 4.60); caesar-
ean section delivery (OR = 2.65); ges-
tational age < 37 weeks (OR = 2.90); 
multiple births (OR = 11.4); infection 
during pregnancy (OR = 4.80); in-
fection during delivery (OR = 5.00); 
congenital abnormalities (OR = 2.41); 
and hypoxia at birth (OR = 65.8). 
Other factors that were significantly 
associated with cerebral palsy were: no 
medical care during pregnancy (OR = 
5.50); and delivery in MOH hospital 
(OR = 2.70).

Having consanguineous parents in-
creased the risk of cerebral palsy almost 
3-fold (OR = 2.85) and having other 
children with disabilities in the family 
increased it almost 9-fold (OR = 8.90) 
(Table 4). The numbers of cases and 
controls with a family history of birth 
deficits were small, but of the 15 case 
children with disabilities in other fam-
ily members 6 also had cerebral palsy 
in the family, all from consanguineous 

parents. For the controls only 4 children 
had cases of disability in the family: 2 
were cerebral palsy, 1 was postnatally 
acquired and 1 was due to hypoxia dur-
ing delivery.

The main risk factors for cerebral 
palsy were found by using a stepwise 
regression model (Table 5). All risk 
factors were entered individually in 
order of significance and removed if 
significance was lost. The coefficient in 
the analysis remained constant showing 
that there were no extraneous variables 
confounding the result. Of the 6 factors 
which remained out of all the study vari-
ables entered into the model, perinatal 
hypoxia was associated with the high-
est risk (adjusted OR = 92.5; 95% CI: 
24.5–350). Two family variables were 
significant risks for cerebral palsy: con-
sanguineous parents (aOR = 4.62; 95% 
CI: 2.07–10.3); and presence of birth 
deficits in other family members (aOR 
= 12.7; 95% CI: 3.13–51.7). Other 
risk factors that remained significant in 
the final model were: low birth weight 
(aOR = 4.98; 95% CI: 2.01–12.3); 

Table 2 Birth characteristics of the study sample of cerebral palsy cases and control children 

Variable Cases
(n = 107)

Controls
(n = 223)

P-value

Gestational age (weeks) [mean (SD)] 36.4 (5.2) 38.5 (2.2) < 0.001a

Premature (< 37 weeks) (no., %) 35 32.7 32 14.3 < 0.001a

Birth weight (g) [mean (SD)] 2686 (902) 3183 (600) < 0.001a

Low birth weight (< 2500 g) (no., %) 41 38.3 17 7.7 < 0.001a

Perinatal jaundice (no., %) 20 18.7 17 7.6 <0.001a

Duration of jaundice (days) [mean (SD)] 2.29 (6.85) 0.65 (3.90) < 0.05b

Incubated (no., %) 63 58.9 14 6.3 <0.001a

Duration of incubation (days) [mean (SD)] 15.4 (23.2) 0.8 (5.1) < 0.001b

aChi-squared test; bt-test. 
SD = standard deviation.

Table 3 Parents’ consanguinity and wider family relatedness in cerebral palsy cases and control children 

Degree of parents’ relatedness Cases
(n = 107)

Controls
(n = 223)

OR (95% CI) P-value

No. % No. %

Not related 56 52.3 169 75.8 (ref.)

Consanguineous (1st or 2nd cousins) 46 43.0 43 19.3 3.23 (1.93–5.39) 0.001

More distant family related 5 4.7 11 4.9 1.38 (0.46–4.11) 0.573

(ref.) = reference category; OR = odds ratio; CI = confidence interval.
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Table 4 Crude and adjusted odds ratios for risk of cerebral palsy for all risk factors in the study 

Variable Cases
(n = 107)

Controls
(n = 223)

OR (95% CI)

No. % No. %

Birth weight (g)

> 2500 72 67.3 205 92.3 (ref.)

≤ 2500 35 32.7 17 7.7 4.60 (2.60–8.14)b

Delivery

Spontaneous vaginal 51 55.1 163 74 (ref.)

Caesarean section 48 44.9 58 26.0 2.65 (1.61–4.34)b

Perinatal hypoxia

No 58 54.2 219 98.2 (ref.)

Yes 49 45.8 4 1.8 65.8 (22.4–193)b

Gestation (weeks)

38–42 70 67.3 191 85.7 (ref.)

< 37 35 32.7 32 14.3 2.90 (1.67–5.03)b

Perinatal jaundice

No 87 81.3 205 92.3 (ref.)

Yes 20 18.7 17 7.7 2.70 (1.39–5.55)a

Multiple births

Singleton 97 90.7 221 99.1 (ref.)

Multiple (twins) 10 9.3 2 0.9 11.4 (2.45–53.0)b

Congenital abnormalities

None 97 90.7 222 99.6 (ref.)

Congenital abnormality, other 1 0.9 0 0.0 2.41(1.31–4.44)b

Congenital abnormality, cleft palate 6 5.6 0 0.0

Congenital abnormality, head malformation 3 2.8 1 0.4

Infection during pregnancy

No 87 81.3 213 95.5 (ref.)

Yes 20 18.7 10 4.5 4.80 (2.20–10.9)b

Infection during delivery

No 98 91.6 219 98.2 (ref.)

Yes 9 8.4 4 1.6 5.00 (1.51–16.7)a

Prenatal care

Yes 95 88.8 218 97.8 (ref.)

No 12 11.2 5 2.2 5.50 (1.89–16.1)b

Family history of birth deficits a

No 92 86 219 98.2 (ref.)

Yes 15 14.0 4 1.8 8.90 (2.89–27.6)b

Consanguineous parents

No 56 52.3 169 75.8 (ref.)

Yes 51 47.7 54 24.2 2.85 (1.75–4.64)b

Mother’s age (years)

22–38 85 78.7 163 70.4 (ref.)

< 21 20 19.0 46 21.7 0.84 (0.47–1.53)

> 39 2 2.3 14 7.9 0.27 (0.06–1.23)

Father’s age (years)

22–38 86 80 165 72.7 (ref.)

< 21 1 1.1 6 3.3 0.33(0.39–2.74)

> 39 20 18.9 52 24.0 0.74(0.41–1.32)
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multiple births (twins) (aOR = 9.25; 
95% CI: 1.29–66.8); and no prenatal 
medical care (aOR = 5.22; 95% CI: 
1.18–23.1).

Discussion

This study has produced the first model 
of risk factors for cerebral palsy among 
Arab children from the West Bank and 
Jerusalem. The main findings of this 
study are that crude associations were 
significant for many known and emerg-
ing population-specific risk factors for 
cerebral palsy. When adjusted for all 
variables with elimination of confound-
ing variables we found that perinatal 
hypoxia, low birth weight, multiple 
births (twins), no prenatal medical care, 
other birth deficits in the family and 
consanguinity remained as significant 
risk factors.

Among the known risk factors for 
cerebral palsy, one of the first to be dis-
cussed in the literature was caesarean 
section, which is considered protec-
tive or associated with a slight rise in 
risk (16). In the present study 45.3% 
of the cases had been born by caesar-
ean section compared with 26.3% of 
controls, and this was significant in the 
univariate analysis (OR = 2.65; 95% 
CI: 1.61–4.34). However, the variable 

was not retained in the final regression 
model. All parents were asked the rea-
son for the caesarean section, and of 
particular interest is the high number 
of mothers, particularly among cases, 
who were unaware of the reason. Indeed 
10% more of the cases did not know 
why their child had been delivered by 
caesarean. In Palestine this is a decision 
taken by the doctor; there are no elec-
tive caesarean sections at 39 weeks of 
gestation as is common in other coun-
tries (17). It should be remembered that 
with any observational study the data 
were collected post hoc and therefore 
we cannot know if the association was 
due to poor medical management and 
not a common, unknown confounding 
factor. How many cases were due to 
suboptimal obstetric response (not ex-
pediting delivery) is not known. Clinical 
signs sufficient to warrant a caesarean 
section may only be recognizable af-
ter the damage has occurred. Offering 
mothers caesarean section at 39 weeks 
is not currently available as a birthing 
plan in Palestine.

The strongest association with cer-
ebral palsy in our study was with perina-
tal hypoxia. Hypoxia was documented 
for 45.8% cases and 1.8% of controls 
and this was the most important risk 
factor that remained in the final multiple 
regression model (OR = 92.5; 95% CI: 

24.5–350). Lack of oxygen is believed 
to be an important and preventable 
cause of cerebral palsy and for many 
years no research was done to look at 
other risk factors for cerebral palsy (18). 
Indeed this belief underpinned much of 
the justification for the practice of fetal 
monitoring in labour and the increase 
in caesarean section rates.

No medical care in pregnancy was 
another new, previously unresearched 
risk factor. With no national health sys-
tem in Palestine, whether, when and 
how a woman seeks medical care in 
pregnancy is solely in the control of the 
individual. As primary health care in 
Palestine is available and is not expen-
sive the reasons why 11.2% and 2.2% of 
case and control mothers respectively 
did not having regular prenatal check-
ups are not known and requires further 
investigation. Lack of regular prenatal 
check-ups was a significant risk factor 
for cerebral palsy in the multiple re-
gression analysis (OR = 5.22; 95% CI: 
1.18–23.1). From this association we 
can assume that the benefits of routine 
ultrasound in early pregnancy and other 
checks are important for prevention. 
We could not identify any studies to 
compare with this result.

The mean birth weight of cases and 
controls were 2686 kg and 3183 kg re-
spectively, and low birth weight (≤ 2500 

Table 4 Crude and adjusted odds ratio for risk of cerebral palsy for all risk factors in the study (concluded)

Variable Cases
(n = 107)

Controls
(n = 223)

OR (95% CI)

No. % No. %

Place of delivery

NGO/private hospital 40 37.4 137 61.7 (ref.)

MOH hospital 67 62.6 85 38.3 2.70 (1.69–4.38)b

Place of delivery

MOH/NGO hospital 90 87.4 180 65.1 (ref.)

Private hospital 13 12.6 43 34.9 0.58 (0.30–1.13)

Place of delivery

MOH/private hospital 80 75.5 128 58.8 (ref.)

Other/NGO hospital 26 24.5 91 41.2 0.46 (0.27–0.78)b

aP < 0.05; bP < 0.01. 
(ref.) = reference category; OR = odds ratio; CI = confidence interval; MOH = Ministry of Health; 
NGO = nongovernmental organization (Makassad and Hilal hospitals).
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g) was another significant variable in the 
final regression model (OR = 4.98; 95% 
CI: 2.01–12.3). Different explanations 
can be suggested for this association 
of low birth weight with cerebral palsy: 
first, that low birth weight and cerebral 
palsy is an epiphenomenon; secondly, 
that intrauterine growth restriction 
causes the conditions responsible for 
brain damage; thirdly, that growth 
restriction or low birth weight makes 
the child more vulnerable to hypoxia; 
and finally that the damage has already 
occurred and that low birth weight is 
related to earlier pregnancy factors such 
as malformations or viral infections. 
The underlying mechanisms are unclear 
(18).

Another significant variable in the 
risk of cerebral palsy was multiple births, 
found in 10 (9.3%) case and 2 (0.9%) 
control mothers (all the multiple births 
were twins, no higher order births). 
Despite the small numbers twin births 
proved to be a significant risk at all 
levels of analysis and remained in the 
regression model (OR = 9.25; 95% CI: 
1.29–66.8). Multiple births have greater 
risks of complications particularly for 
the second-born child. Further they 
have been shown to be associated with 
low birth weight, preterm delivery and 
death of the co-fetus (19).

Another of the variables we stud-
ied—family members with birth 
deficits—was defined to include any 
close or extended family members with 

physical or cognitive deficits from birth. 
Due to this wide definition the pos-
sibility of confounding factors cannot 
be overlooked. This association was 
found to be significant, with 14.0% of 
cases and 1.8% of controls having other 
family members with birth deficits, a 
variable which was highly significant in 
the multiple regression analysis (OR 
= 12.7; 95% CI: 3.13–51.7). As part of 
family history it may encompass a range 
of influences, direct and less direct, ge-
netic factors or maybe intergenerational 
environmental effects. Further research 
is needed with perhaps a more specific 
definition. Other studies which focused 
on the risk of a second child having cer-
ebral palsy where one child had already 
been diagnosed produced an OR of 1.6 
of recurrence (20).

The etiology of cerebral palsy may 
vary between countries, and therefore 
population-specific factors of cultural 
relevance such as consanguinity are im-
portant to investigate. One of the main 
objectives of our study was to see if there 
was an association between cerebral 
palsy and consanguinity. The results of 
the study showed that 47.7% of cases 
versus 24.2% of controls were from 
consanguineous parents (1st or 2nd 
cousins) and this was an important vari-
able remaining in the regression model 
(OR = 4.62; 95% CI: 2.07–10.3). In 
other published research consanguin-
ity was also found to be among the top 
risk factors (8). The results of our study 

provides some evidence of a genetic eti-
ology for cerebral palsy. More research 
into possible genetic links with cerebral 
palsy will improve our understanding 
of the pathophysiology of the disorder. 
The significance of emerging risk fac-
tors can be explained by the belief that 
well-known risk factors do not present 
the full picture of etiology. Consan-
guinity is a social issue which needs 
to be addressed by government and 
nongovernment agencies, and there is a 
need for awareness through education. 
For many populations inter-marriage 
has a number of perceived benefits, for 
example, keeping money in the family 
and families being known to each other 
(21). Available research into a genetic 
link to cerebral palsy is mostly in the 
form of small-scale studies and case re-
ports (22,23). Most estimates place the 
proportion of cerebral palsy cases with 
genetic etiology at between 1% and 2%, 
and it has been argued that cerebral 
palsy could be both genetic in origin 
as well as the result of environmental 
insult at any point during central nerv-
ous system development (24). With 
60% of cerebral palsy cases having an 
unknown cause other than suspected 
prepartum risk factors (25) means this 
area warrants attention, especially in 
countries with a large consanguineous 
population. Small-scale studies have 
identified nonsense mutations (26) 
and for consanguineous populations 
there may be genes which have tem-
poral or site-specific targets that act 
on the developing brain. At present 
access to genetic diagnostic testing is 
limited. There are at least 20 different 
syndromes associated with cerebral 
palsy (23) and it is possible there are 
more genetic syndromes which remain 
undiagnosed.

The results of this study have many 
similarities with an Egyptian study con-
ducted in 2011, in which the most signif-
icant risk factors for cerebral palsy were 
found to be low birth weight, preterm 
birth, hypoxia and consanguineous 
marriage (12). In that study preterm 

Table 5 Model of risk factors for cerebral palsy in Palestine in the stepwise 
regression analysis

Risk factor Adjusted ORa (95% CI) P-value

Perinatal hypoxia 92.5 (24.5–350) < 0.001

Family history of birth deficits 12.7 (3.13–51.7) < 0.001

Multiple birth (twins) 9.25 (1.29–66.8) 0.027

No prenatal medical care 5.22 (1.18–23.1) 0.029

Low birth weight 4.98 (2.01–12.3) 0.001

Consanguineous parents 4.62 (2.07–10.3) < 0.001

Delivery at NGO hospital 0.38 (0.16–0.91) 0.030
aAdjusted for all variables in the study. 
OR = odds ratio; CI = 95% confidence interval; NGO = nongovernmental organization (Makassad and Hilal 
hospitals).
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birth lost significance in the stepwise 
model, as did other known risk factors 
such as parents’ socioeconomic status.

The importance of this study is that 
it is the first known study in Palestine 
identifying risk factors for Palestinian 
children. There are no known case–con-
trol studies or other comparable studies 
in the region. Subsequent studies with 
more power would provide more infor-
mation about the factors investigated 
here. Identifying modifiable factors 
leads to the possibility of prevention. 
The study has provided some evidence 
for the need for heightened awareness 
about the link between consanguinity 
and cerebral palsy. This requires a cul-
tural change perhaps realized through 
health promotion incorporating advice 
from health providers and social mar-
keting campaigns. Deep-seated cultural 
practices are obviously hard to change 
and require time.

Our results concerning perinatal 
hypoxia suggest that when a case of 
cerebral palsy is identified at birth 
there is a need for an in-hospital in-
quiry aimed at possible improvement 
of birth practices for future avoidance. 
Our study also highlighted the need 
for greater regular prenatal check-ups. 
This requires an educational change 
so that mothers are made aware of the 
importance of visits for their health and 
their baby’s health.

Limitations
As this was a small-scale study we 

cannot state any claim to generaliz-
ability of the results and a study with a 
larger sample is needed. Concerning 
bias the population was a homogenous 
group with controls representative of 
cases in terms of geographical area 
of residence. This was important to 
increase representativeness as con-
venience sampling in one treatment 
centre was used to recruit cases. How 
many Palestinian children do not ac-
cess any services, and their location of 
residence, remains unknown, as there 
is no cerebral palsy register, but this is 
acknowledged as a limitation in terms 
of the representativeness of the study. 
Also all the limitations that accompany 
an observational case–control study 
need to be borne in mind. Incidence/
prevalence bias should be considered, 
because the use of incident cases rather 
than prevalent cases is deemed better 
in case–control studies, although this 
may not be applicable to cerebral palsy 
which by definition is non-progressive. 
In addition, this research incorporated 
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a means of data collection, crossed-
checked with medical records, which 
pose a weakness in terms of reliability 
and validity. Information bias is also a 
possibility with any case–control study; 
however, there was only the possibility 

of recall bias for demographic variables. 
There are no standardized question-
naires in existence that address the areas 
of our study, and there is no national 
cerebral palsy register in Palestine. Se-
lection bias is always a concern in case–
control studies so it needs to be noted 
that the researchers had no control over 
who would be treated at The Princess 
Basma Centre. The research continued 
until the sample size had been achieved. 
This study was unique; with no registers 
available data collection options are 
limited. Adjustment was made for gesta-
tion, sex and all study variables to avoid 
confounding. For the factors which this 
paper addresses the possibility of bias is 
considered minimal.

Conclusions

To conclude, among several other known 
risk factors such as perinatal hypoxia and 
multiple births, consanguinity of parents 
was significantly associated with cerebral 
palsy in Palestinian children.
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