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Summary

The Scottish Register for Children with a Motor Deficit of Central Origin was
established in 1990 as part of a Scottish Office funded project. It contains information
on children with cerebral palsy (CP) born between 1984 and 1990. This paper reports
findings from a study, funded by the Chief Scientists Office, which linked the
information from the register with the birth records for the children and concentrates
on singleton births.

Successful links to the birth records were established for 88% of the children with
CP on the register, giving a group of 512 singleton births that resulted in registered
CP cases. The link between low gestational age and an increased risk of CP is well
established and was confirmed using these data. In order to establish a clearer picture
of other risk factors, the data were subdivided into three gestational age groups, under
32 weeks gestation, 32-36 weeks gestation and 37 weeks and over. The rates of
registered cases of CP per thousand live births in each of these groups were 41.9, 5.6
and 0.7 respectively.

The risk factors for CP were found to be different in the different gestational age
groups. Breech, forceps and emergency caesarean section delivery were all risk
factors in the term group. In addition there was evidence that young or old maternal
age was a risk factor for this group. For the middle group the risk of CP was lower if
the mother suffered from pre-eclampsia. The only mode of delivery associated with
an increased risk for this group was emergency caesarean section. For the most
preterm group the usual pattern of an increased risk with low birthweight for
gestational age was reversed. This effect is most probably explained by the increased

risk of stillbirth or neonatal death in the low birthweight, low gestational age babies.
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Introduction

Cerebral palsy (CP) is the most common cause of severe disability in children with
a prevalence of approximately 2 per 1000 neonatal survivors in the UK, ' with similar
rates reported from other developed countries *>.

CP results from damage to the immature brain. Although postnatal causes, for
example infection or trauma, are believed to account for a small proportion of cases,
the majority of CP cases are thought to have their origin in the prenatal period, * and
investigation of the possible prenatal antecedents of CP is the focus of much current
research.

The increased risk of CP associated with low birthweight and short gestation has
been extensively studied. Rates of CP in low birthweight babies are many times
higher than in normal (>2500g) birthweight babies °. Gestational age is also a major
risk factor for CP °. Although only about 5% of births are preterm (< 37 weeks
gestation) about 40-50% of all CP births are preterm ’. More recently there had been
an increasing interest in inappropriate fetal growth patterns as a risk factor for CP
however few studies have been able to compare weight for gestational age patterns
between CP children and the normal population .

As well as the recognised association of CP with low birthweight and early
gestational age many other factors have been recognised as potential antecedents of
CP. For example, maternal factors, both demographic and obstetric, have been found
to have an association. However, much of the research into these factors has involved
preterm babies only. Investigation of the factors affecting CP risk is complicated by
the inter-relationship between factors. For example, birthweight and gestational age
are highly correlated and other potential risk factors are often more common in light

and/or preterm infants.
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Research into factors associated with CP is further limited by the rarity of the
disorder. At only 1 to 2 cases per thousand neonatal survivors prospective studies are
difficult and many studies are small, based on only a few tens of individuals. Most
work has been done on a case-control basis. Since gestational age or birthweight is
often used to match controls information on the effect of these variables themselves
on the risk of CP may be lost.

The number of risk factors for which information is available is limited in most
studies. This is in part because each study is carried out in isolation, with the aim of
investigating a particular set of potential risk factors but in part is also because having
access to information on multiple risk factors in an individual study is relatively rare.

Denominator data for prevalence rates is often difficult to obtain. The present study
uses a retrospective cohort of births in Scotland to assess CP rates and identify risk
factors for CP in this population that are of antenatal or perinatal origin. A data set
was obtained by linkage of the records for children from the Scottish Register of
Children with a Motor Deficit of Central Origin to their mothers’ records for the birth
(SMR2). SMR2 contains routinely recorded information on many previously
recognised prenatal and perinatal risk factors for CP and is known to include 98% of
all the births in Scotland.

This data set overcomes many of the problems associated with research into risk
factors for CP; it has a reasonably large number of cases of CP, appropriate
denominator data, and information on many previously recognised birth-related risk
factors for CP. The effects of these factors on CP risk individually, and more
importantly in combination with each other, were assessed. The size of this cohort
permits its subdivision into term and preterm cohorts to assess independently the risk

factors for each group with data sets that are directly comparable.
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Methods

Compiled between 1990 and 1996 as part of a Scottish Office funded project °, the
Scottish Register of Children with a Motor Deficit of Central Origin includes
children in Scotland born between 1984 and 1990 inclusive. European guidelines on
standardisation of classification of CP were introduced after the formation of the
register ' The guidelines classify CP into four main types — spastic hemiplegic,
spastic bilateral, ataxic and dyskinetic. All records of children with CP on the Scottish
Register of Children with a Motor Deficit of Central Origin were assessed and
classified into one of these types. Cases not considered to be CP were excluded from
the study, as were instances where the diagnosis had been made before the child was
two years old, cases where CP was associated with a particular syndrome, for
example Downs and cases where the CP symptoms were considered to be of post-
natal origin. An attempt was then made to establish a link between each of the
remaining cases and the SMR2 forms. Variables were obtained or were derived from
information on both the SMR2 forms and from the register. These are listed in
Error! Reference source not found..

We were particularly interested in looking at abnormal growth, therefore rather
than use actual birthweights it is more appropriate to compare results by the
birthweight that would be expected for a particular gestational age and sex.
Birthweights for each gestational age were divided into 5 equal groups for males and
for females. Each birthweight was classified as coming from the 1%, 2™, 3", 4th or 5"
quintile of birthweight for gestational age and sex, using the data on all singleton

births in the study.
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Table 1 List of variables and their source

Variable Source

Description SMR2 Register

Registration Details
Diagnosis of CP X
Type of CP X

Maternal Factors

Maternal Age

Carstair’s Deprivation index based on post code at birth
Parity

ool
Rl

Antenatal Factors

Antepartum Haemorrhage
Pre-eclampsia

Maternal Infection

Premature rupture of the membranes

Perinatal Factors
Gestational age

Mode of delivery
Problems with cord at birth

Postnatal Factors
Birthweight

Sex

Apgar score at 5 mins

T T B e B e i Sl
olie’

Deprivation scores were obtained from the postcodes of the mothers’ residences at
the time of the birth using the Carstair’s index based on the 1991 census data. These
were then coded by quintile.

Using the complete data set, odds ratios were obtained for each of the possible
explanatory variables, using univariate analyses. Multivariable analysis for the
complete data set was carried out, including interaction terms. This analysis is
complicated by the relationships between the different variables. In particular many
factors that appear to have a significant effect, with p < 0.05, on the odds of a child
having CP cease to be significant when gestational age is taken into account.

The combined effects of different factors were investigated within three distinct

gestational age groups namely, those born at less then 32 weeks gestation, between 32
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and 36 weeks gestation and 37 weeks gestation and over. The babies born at 37 weeks
gestation or more are basically born at term. The others are preterm. However there is
a distinction to be made between those born before 32 weeks and those born between
32 and 36 weeks. In the former group a fairly high proportion of babies with brain
damage will die and thus not survive to be diagnosed as having CP. The majority of
the latter group, although preterm, are expected to survive and there are not therefore

the same problems with the denominator data which occur in the very preterm group.

Results

There were a total of 920 children on the register who were born between 1984 and
1990. After the exclusions previously mentioned a total of 646 children with CP from
the Scottish register were left and each child’s record was electronically linked to
their mother’s SMR2 record for the child’s birth. A total of 570 records linked
successfully, of which 512 cases corresponded to singleton births. This rate of success
is lower than that normally achieved using the Scottish record linkage system ''. This
is probably explained by the fact that the data on the Scottish Register of Children
with a Motor Deficit of Central Origin was collected some years after the birth data
and in a different format. Information was also obtained on 43958 singleton, neonatal
survivors born between 1984 and 1990. This includes those with CP. The overall
prevalence rate for singletons over the seven-year period was 1.33 recorded cases of
CP per 1000 neonatal survivors.

In general it was found that there was close agreement between the register and the
SMR2 record for variables such as gestational age and birthweight but that
information on other variables common to both was less reliable, for example parity

and maternal age. Where the records failed to agree the SMR2 record was taken as the
7
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most likely to be accurate on the basis that this record was completed shortly after the
birth rather than a number of years later.

To assess if the linked individuals would be representative of the CP population as
a whole a comparison was made between the linked and unlinked cases using the
variables available from the register. The linked and unlinked cases were similar with
respect to birthweight, gestational age and sex. The only variable that was found to be
significantly different was the age of the mother, with maternal age being higher in
the linked cases. This could reflect the linkage method being based in part on the
soundex of child and mother’s surname. It may be that younger mothers are more
likely to have changed surname between birth of the child and registration thus
making linkage more difficult. It was also found that, in the cases that linked, this
variable was not recorded as accurately as others on the register. There is some
evidence that in some instances the mother’s age at time of registration rather than at
time of birth has been recorded.

Univariate logistic regression was used initially to investigate the potential
relationship between each variable and CP using data for all gestational ages. The
results are summarised in Table 4.

Interaction terms involving gestational age were investigated for the complete data
set and significant interactions were found for birthweight for gestational age, pre-
eclampsia and delivery. In order to obtain a clearer picture of the relationships
between the variables, the results were divided into the three gestational age groups,
less than 32 weeks, 32-36 weeks and 37 weeks or more. There are distinct differences
between these groups with respect to most of the available variables as well as
differences with respect to the rate of CP cases and the type of CP. These are

summarised in Table 3.
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Table 2 Univariate odds ratios for each variable

Variable Groupings Number of Odds ratios with 95%
CP cases confidence interval
Gestational age  24-27 27 86.68 [57.79, 130.0]
28-31 92 60.60 [47.66, 77.05]
32-36 113 8.38 [6.73, 10.43]
37 or more 280 reference
Birthweight for 1 quintile 151 1.83 [1.40, 2.40]
gestational age ond quintile 99 1.21[0.91, 1.62]
3" quintile 89 1.08 [0.80, 1.46]
4™ quintile 89 1.08 [0.80, 1.46]
5™ quintile 82 reference
Sex Male 291 1.24 [1.04, 1.48]
Female 221 reference
Age of mother  Teenage 76 1.69[1.32,2.17]
20-24 394 reference
35 and over 42 1.3710.99, 1.88]
Deprivation 1** quintile 87 1.08 [0.80, 1.46]
2" quintile 90 1.1310.84, 1.53]
3" quintile 95 1.18 [0.88, 1.60]
4™ quintile 116 1.44[1.08, 1.92]
5" quintile 80 reference
Parity Null parity 276 reference
1 or more 236 0.69 [0.58, 0.82]
Antepartum Yes 58 2.87[2.16, 3.82]
Haemorrhage No 454 reference
Pre-clampsia Yes 75 1.32[1.03,1.68]
No 437 reference
Premature Yes 39 3.89 [2.81, 5.40]
rupture of the No 473 reference
membranes
Cord problems  Yes 26 1.04 [0.70, 1.55]
No 486 reference
Maternal Yes 73 2.19[1.71, 2.80]
Infection No 439 reference
Delivery Normal 283 reference
Forceps 52 7.52[4.72,11.98]
Breech 19 1.17 [0.87,1.57]
Elective CS 31 1.60[1.10, 2.31]
Emergency CS 127 4.00 [3.24, 4.93]
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Table 3 Percentage with each characteristic by gestational age groups

Gestational Age in weeks

Variable (number of missing observations) <32 32-36 >37
Number of births 2843 20030 416675
Age of mother (2)
% of teenage mothers 15.4 13.6 9.2
% of mothers 35 or over 8.4 7.9 6.5
Parity (124)
% null parous 51.8 50.7 44.1
Sex (5)
% male 53.1 54.8 51.2
Apgar score (3552)
% less than 7 18.64 4.13 1.26
Antepartum haemorrhage *
% with 26.1 14.2 3.7
Maternal Infection *
% with 22.6 15.7 6.6
Premature rupture of the membranes *
% with 14.7 9.4 1.6
Pre-eclampsia *
% with 16.1 16.1 11.3
Problem with cord*
% with 2.5 33 5.0
Mode of delivery (228)
% normal 42.9 60.6 75.0
% forceps 5.0 9.0 11.8
% breech 8.6 1.7 0.6
% elective CS 10.9 8.7 4.9
% emergency CS 32.6 20.0 7.7
Deprivation score (35443)
% first quintile 16.2 16.9 20.3
% second quintile 17.3 18.3 19.9
% third quintile 19.1 19.9 20.0
% fourth quintile 23.3 21.5 20.0
% fifth quintile 24.1 23.5 19.8
Cerebral Palsy *

Rate per 1000 births 41.9 5.6 0.7
Type of Cerebral Palsy *
% Spastic Bilateral 61.3 56.6 36.8
% Spastic Hemiplegic 17.6 24.8 31.8
% Ataxic 4.2 4.4 8.2
% Dyskinetic 14.3 12.4 16.1

a Not applicable

In general, the pregnancies of short gestation are more likely to have had some

form of complication than those at normal gestation. Only 42.9% of the deliveries of
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the babies with gestational age less than 32 weeks were normal, compared to 75% for
those who went to term. Mothers of preterm babies were more likely to be either
teenagers or 35 or over and more at greater risk of belonging to the most deprived
quintile.

Univariate analysis within the gestational age groups reduced the number of
variables which appeared to be significant predictors of CP. For the most preterm
babies (<32 weeks) only gestational age and birthweight for gestational age were
clearly significant. The age of the mother was marginally significant, (p=0.0509). For
the middle group gestational age, birthweight for gestational age, antepartum
haemorrhage and mode of delivery were all significant. Those born by breech
delivery or emergency caesarean section had higher odds of having CP than those
with normal deliveries.

For the term group more factors remained significant when considered on their
own. In this group birthweight for gestational age, sex of the baby, age of the mother,
deprivation score, parity and mode of delivery were all significant. None of the
pregnancy complications however were even marginally significant.

Overall and for each of the groups except the lowest gestational ages, Apgar score
was a positive predictor of CP. However this information was missing for about 3500
cases. Although this is less than 1% of the total a higher percentage of cases were
missing for children with low gestational ages. For this reason Apgar score was not
included in the multivariable analysis. It seems likely that the information on Apgar
score is not missing at random but that it has not been recorded or obtained in a
situation where the baby requires immediate medical attention. If this scenario is

correct, it is likely that many of the missing scores are low. A model, which included

11
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a category for missing for this variable, confirmed that there was a higher rate of CP
among those with missing Apgar scores.

The indicator of the level of deprivation was missing for approximately 8% of the
cases. By comparing the distribution of deprivation scores with those of the complete
population there is no evidence that the observations are anything other than missing
at random. However, because of the scale of the problem, deprivation was also
excluded from the multivariable analysis.

Multivariable logistic models were then fitted to each of the gestational age groups
separately. The results are shown in Table 5. In each case gestational age was fitted
as a continuous variable and the first quintile for birthweight for gestational age
corresponds to the lightest babies for that gestational age. Gestational age, birthweight
and sex were included in all models.

For term babies, those in the first quintile were more than two and half times more
likely to have CP then the heaviest babies in the fifth quintile. With the exception of
an elective caesarean section those who had other than a normal delivery were more
likely to have CP. The only other significant variable was the age of the mother with
both the youngest and the oldest mothers having an increased risk of having a baby
with CP. There was no significant difference between males and females for this
group. Nor was gestational age significant, although for both variables the odds ratios
are consistent with an increased risk for males and a decreased risk for gestational
age. There were no cases of CP recorded at gestational ages in excess of 42 weeks.

For the middle group, with gestational age from 32-36 weeks, the significant
variables were gestational age, birthweight for gestational age, mode of delivery and
the occurrence of pre-eclampsia. As before, the babies with the lowest birthweights

for gestational age were at higher risk of having CP. The only mode of delivery that
12
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showed an increased risk was an emergency caesarean section. The occurrence of pre-
eclampsia appears to have a protective effect on this group with the odds of having
CP halved for those whose mothers had pre-eclampsia.

For the most preterm babies the only significant factors were gestational age,
birthweight for gestational age and the age of the mother. Unlike the other gestational
age groups it appears to be the heaviest babies that are at increased risk with the
heaviest babies being more than twice as likely to have CP than the lightest ones. The
effect of the mother’s age is also the opposite to that observed for the term births. The

oldest mothers appear to have a decreased risk of having a baby with CP.

Discussion

The availability of central electronic records of almost all births in Scotland and
the ability to link those birth records with children on a cerebral palsy register has
produced a powerful data resource for the investigation of the antecedents of CP.
Much research into CP risks is based on limited numbers of high-risk births, and the
ability to look at risk factors for all CP births, as is possible in Scotland, is unusual. In
addition, having a data set that is large enough to allow division into term and preterm
births allows the risk factors for these to be assessed separately and compared directly
without the problems of comparing results from completely independent studies.

The overall rate of registered cases of CP is lower than has been found in other
studies based on similar registers ' °. In addition there are year-to-year differences in
the rate of registered cases of CP with a sharp drop in 1990. It is therefore likely that
ascertainment of cases is not complete on the register. However there is no reason to

suppose that the level of ascertainment is affected by factors being studied so that it is
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reasonable to look at the relative effects of the different factors even it the absolute
prevalence cannot be calculated.

The one exception to this is deprivation. A previous study, using data from the
cerebral palsy register in Oxford, found some evidence of higher rates of CP in the
most deprived areas '*. In the Scottish data, the opposite effect has been observed with
the rate of CP in the most deprived quintile lower than in the other categories. This
may well result from the under-reporting of cases in more deprived areas.

Apgar score, which gives an indication of the intrauterine environment, has been
associated with increased rates of CP in term babies, but not in preterm babies when
adjustment is made for gestational age and birthweight '*. In support of previous work
univariate analysis of Apgar score was not associated with CP risk in the most
extreme preterm births, but was a strong predictor of CP in other births. In this data
set however there are many missing Apgar scores in the very preterm babies. Thus
Apgar may have an effect on risk in these births but data shortcomings do not permit
this to be assessed, alternatively this may not be a discriminative feature for CP in
preterm babies as so many have low Apgar scores for a wide variety of reasons.

As in many previous studies maternal, antenatal and perinatal factors were all
shown to have effects on CP risk in this population. However, attempting to interpret
these effects when there are known interrelationships between the variables involved
is not simple. Birthweight and gestational age are major predictors of CP risk in this
population, as has been found in all studies. Assessment of the effect of other risk
factors must involve adjustment for these two variables.

Many of the risks associated with an increase in CP rate are well-documented risks
for preterm delivery. Risks for preterm birth which have also been shown to have

associations with CP are pre-eclampsia, premature rupture of the membrane, young
14
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maternal age, low socio-economic status and maternal infection '*. The relationship of
these factors with preterm birth is clearly shown in this data set when it is subdivided
into three groups for different gestational ages. This could explain why so many
associations found with CP do not persist when information on gestational age is
available. An important issue to clarify is whether each of the maternal or antenatal
factors has a direct, independent effect on CP rate, or whether its effect is mediated
through some subsequent event such as preterm birth or through effects on
intrauterine growth or birthweight. Alternatively, some unknown event may have led
both to the antenatal problem and the subsequent CP *°.

In this study, when all cases of CP were considered together pregnancy
complications, such as premature rupture of the membranes, maternal infection,
antepartum haemorrhage and pre-eclampsia, had univariate associations with
increasing CP risk, but did not have an effect when adjusted for birthweight and
gestational age. This supports previous evidence that these factors do not have an
independent effect on CP risk * but that their effect is mediated through preterm birth,
as all these factors are known associates of preterm delivery. However, in preterm
births one of these maternal complications of pregnancy, pre-eclampsia, has
previously been found to be protective of CP '°.

Overall the associate between pre-eclampsia and CP was shown to be positive
across the range of gestational ages. However in the 32-36 week group it was found
that there was a decreased risk of CP for those born to mothers who suffered from
pre-eclampsia. The rate for those in the most preterm group was also lower when the
mother had pre-eclampsia but not significantly so. Pre-eclampsia has previously been
associated with an increase in the CP rate in term babies when unadjusted for

gestational age *. However in preterm babies it has been found to suggest decreased
15
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rates of CP '’. A number of possible explanations for this have been suggested '*, one
of which is that magnesium sulphate used to treat pre-eclampsia could be a protective
agent °, although it is unlikely that this was widely used for this particular cohort of
women.

There is therefore an apparent contradictory effect of pre-eclampsia in term and
preterm babies. It may be that more severe pre-eclampsia results in preterm birth
whereas less severe pre-eclampsia results in a poor intrauterine environment for the
remainder of the pregnancy °. Preterm births caused by pre-eclampsia would not
suffer from this poor environment and would only have their prematurity and
birthweight as risk factors for CP. Other preterm births, not caused by pre-eclampsia,
must have some other cause which may have an additional risk of CP associated with
it above the gestational age and birthweight risks. Knowledge of the timing of pr-
eclampsia relative to delivery, and severity of pre-eclampsia would be valuable in
testing these ideas.

Previous studies have found maternal factors such as the extremes of maternal age
and increasing parity have been associated with an increase in the risk of CP. These
associations are all confirmed in this study, however, the relationship with parity and
CP is not strong enough to persist when adjustment for gestational age is carried out.

Maternal age has frequently been associated with an increase in CP risk for the
youngest and oldest mothers. In the Scottish cohort when all cases were considered
this was confirmed, an effect that persisted when adjustment was made for all other
factors in term births. In the middle gestational age groups there was no association
with maternal age and CP, even at a univariate level. However for the most preterm
group the adjusted effect of maternal age was found to be significant with mothers

aged 35 and over having a decreased chance of having a baby with CP.
16
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It is well established that the risk of CP is higher for males than for females. This is
borne out in the Scottish data overall and for term babies when sex is considered on
its own. However the difference in risk between males and females was not
statistically significant in any of the gestational age groups when adjusted for other
variables. This may be due to lack of power when the data set is subdivided.

Type of delivery has also been scrutinised for potential association with CP rates.
In general for term births, there were strong relationships between the rate of CP and
birth-related factors. In these babies any abnormal mode of delivery is associated with
an increased rate of CP. The only exception is an elective caesarean section. The
picture is different in preterm babies however, with only an emergency caesarean in
the 32-36 week group showing a significantly increased risk. This, of course, does not
necessarily imply that the mode of delivery has contributed to the development of CP.
It may be that the child has already suffered damage in the womb and this leads to the
necessity of an abnormal mode of delivery such as en emergency caesarean section.
Although the number of breech births is small compared to other modes of delivery, a
large effect for breech birth is noted in both the full data set and within the term
births.

There are clear differences brought out by comparing subsets of the data. When the
data are subdivided by gestational age, it can be seen that risk of spastic bilateral CP
is much higher in low birthweight and pre-term babies than the risk of spastic
hemiplegic CP, which is mainly found in normal birthweight, term babies. For the
term babies it is maternal and perinatal factors that are connected with CP. It is of
interest that no relationship was found between problems with the umbilical cord at

birth and the occurrence of CP in any of the subsets.

17
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For the very preterm babies it is really only gestational age and birthweight for
gestational ages that are connected with an increased risk of CP. The nature of the
relationship is however different from that found at other gestational ages. For these
babies there is an increased risk of CP with decreasing gestational age, as before, but
it is the heavier babies who have a higher rate of CP. It must be remembered that the
rates are calculated in terms of neonatal survivors. For the very lightest and earliest
babies the rates of stillbirth and neonatal deaths are much higher. It may well be that
many of those who fail to survive have CP but this is never diagnosed. This would
explain the observed anomaly.

Recent findings ® have also suggested that there is an increased risk of cerebral
palsy for children with birthweights above the 97™ centile for gestational age.
Although the results presented here have not used such a fine division of birthweight
for gestational age, there was no indication in this data set of such an increased risk.
This may well be a result of the relatively small sample size.

Only by studying prenatal antecedents of CP can hypotheses on the timing and
causes of damage leading to CP be explored. Much CP research is hampered because
the populations used are from different sources, have small numbers and each study
has access to only a few potential risk factors. Having many factors available and a
large data set has been a valuable opportunity, and encouragingly many of the risk
factors identified in quite small studies where gestational age and birthweight were
available were also identified here, suggesting these effects are quite robust.

The differences in the risk factors and strengths of these factors demonstrated
when the data are divided into preterm and term births indicates the critical
importance of gestational age explicitly, and birthweight by implication as average

birthweight is lower for these births. It is clear that a vital prerequisite for any
18
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analysis of risk factors for CP must be the ability to adjust for birthweight and

gestational age.
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