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European data
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ABSTRACT

Multiple births (twins or higher order multiples) are
increasing in developed countries and may present
higher risk for cerebral palsy (CP). However, few studies
can reliably investigate trends over time because these
outcomes are relatively rare.

Objective We pooled data from European CP registers
to investigate CP birth prevalence and its trends among
single and multiple births born between 1990 and 2008.
Design Population cohort study.

Setting 12 population-based registers from the
Surveillance of Cerebral Palsy in Europe collaboration.
Participants 4 446 125 single and multiple live births,
of whom 8416 (0.19%) had CP of prenatal or perinatal
origin.

Main outcomes CP diagnosis ascertained in childhood
using harmonised methods; CP subtype; Motor
impairment severity among CP cases.

Results The rate of multiple births increased from 1990.
Multiples displayed higher risk for CP (RR=4.27, 95% Cl
4.00 to 4.57). For singletons and multiples alike, risk for
CP was higher among births of lower gestational age
(GA) or birth weight (BW). However, CP birth prevalence
declined significantly among very preterm (<32 weeks)
and very low BW (<1500 g) multiples. Singletons and
multiples with CP displayed similar severity of motor
impairment.

Conclusions Between 1990 and 2008, CP birth
prevalence decreased steadily among multiples with low
GA or BW. Furthermore, multiples with CP display similar
profiles of severe motor impairment compared with CP
singletons. Improvements in management of preterm
birth since the 1990s may also have been responsible for
providing better prospects for multiples.

INTRODUCTION

The rate of multiple births in developed countries'™
has risen in the last four decades. Studies”™"! report
that multiple births are associated with increased
risk for cerebral palsy (CP), defined as lifetime
physical disabilities due to non-progressive injuries
to the immature or developing brain.'*"* Twins
and higher order multiples are more likely to be
born before term' and to present low birth weight
(LBW);" prematurity and LBW are, in turn, signif-
icant risk factors for CP:'® thus, increased rates of
multiple births might expose more newborns to risk
for CR'” However, European-wide data'® suggest
that the prevalence of CP has declined between
birth years 1980 and 2003, particularly among

What is already known on this topic?

» The rate of multiple births is increasing, and
multiple births are at higher risk for cerebral
palsy (CP). However, changes in obstetric
practice since the 1990s may have impacted on
risk for CP among preterm and low birth weight
multiples.

» Multiple births and CP are relatively rare events:
their study necessitates pooling of data from
different centres and countries.

What this study adds?

» Multiples remain at higher risk for CP, but this
risk has been decreasing steadily since the
1990s among very preterm or low birth weight
multiples.

» Singleton and multiple births with CP display
similar severity of motor impairment.

» Advances in obstetric care may be responsible
for these changes in CP risk among multiples.

very and moderate LBW infants. Improvements in
neonatal care responsible for these trends may also
have impacted on risk among multiple births. An
analysis of recent trends in CP prevalence among
multiple births is timely.

We investigated the birth prevalence of CP
among single and multiple births born between
1990 and 2008 using data collected by the multi-
centre Surveillance of Cerebral Palsy in Europe
(SCPE): by harmonising definitions and methods,
this collaboration provides a reliable source of data
on CP prevalence. Topp and colleagues'® analysed
data from SCPE cohorts until 1990: in our study,
we analyse trends in births between 1990 and 2008
to investigate cohorts born in the antenatal corti-
costeroids' and surfactant®” era. A diagnosis of CP
can only be confirmed reliably in childhood:*! data
on children with ascertained CP were available up
to birth year 2008 at the time of analyses.

Topp and colleagues' reported a higher propor-
tion of second-born twins among twins with CP
and suggested that this may indicate risks for intra-
partum asphyxia of the second-born twin during
a vaginal delivery. A different study® on USA and
Australia populations did not confirm differences in
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risk for CP associated with twins’ birth order. Investigating the
order of birth of twins across different types of birth may help
clarify this issue.

Our main aim was to investigate changes in risk for CP among
multiple births. For this purpose, we analysed trends in CP prev-
alence by categories of gestational age (GA) and birth weight
(BW). Our objectives were to:

1. Investigate prevalence of CP over time in multiples and sin-
gletons overall, and across GA and BW categories;

2. Compare CP type and severity of impairment between mul-
tiples and singletons with CP;

3. Investigate associations between mode of delivery and birth
order of twins with CP.

METHODS

Study design

A population cohort study: population-based registers partici-
pating to SCPE provided information on children with CPB, as
well as denominators (total live births) by type of birth (single
versus multiple) and by GA and BW categories in their catch-
ment area. Some of these registers cover entire countries, while
others cover defined areas within countries.

Participants

CP is a group of permanent disorders of movement and/or
posture caused by non-progressive interferences/lesions to or
abnormalities of the developing brain.'* '* SCPE registers use
a range of sources for the notification and diagnostic ascertain-
ment of eligible participants. Children with a postneonatal onset
of CP were excluded from the CP population.”? Methods used
by participating registers are detailed elsewhere.'***

Setting

Overall, 23 population-based registers provided data for births
between 1 January 1990 and 31 December 2008. A diagnosis of
CP is reliable in later childhood:*! SCPE registers confirm CP
diagnoses after age 4 years, with the exception of deaths that
take place before a suspected diagnosis is confirmed (age 2—4
years). The age when registers consider ascertainment of CP
diagnoses complete varies across countries, but it takes place by
the time children are of primary education age. At the time of
analyses, data were available for children born until 2008.

In order to capture changes over time, we stipulated that centres
had to provide information on CP and multiple and single births
denominators by GA or BW categories for at least 3 years: data
from 11 centres were excluded for not providing this informa-
tion (see online supplementary appendix 1). Overall, 12 centres
were included in the analyses: 2 provided only denominators on
multiple births by BW and are thus excluded in prevalence anal-
yses stratified by GA. The number of births by centre and birth
type are reported in table 1.

Variables
CP subtypes were classified as unilateral spastic, bilateral spastic,
dyskinetic and ataxic.?

The Gross Motor Function Classification System (GMFCS)
provided a reliable assessment of children’s severity of motor
impairment.** % However, some SCPE registers adopted this
measure later than others. To avoid missing data and provide a
meaningful measure of Severity of Motor Impairment, we cate-
gorised individuals with moderate-severe impairment to those
with GMFCS level Il to V or who were not able to walk without
assistive devices.

Table 1 Number of children with CP, multiples with CP, live births,
multiple live births and number of cohort birth years for which data
were available by register

Multiples Multiple Cohort birth

Register N CP cp Live births  live births  years
Cork & Kerry, 127 26 82019 2204 9
Ireland

Gothenburg, 835 98 421050 12229 19
Sweden

NW England, UK 1153 106 534316 14167 16
Oxford, UK 737 84 483734 15014 14
Denmark 2106 263 1029591 39613 18
Viterbo, Italy 142 14 37886 751 18
Norway 1257 158 638888 22556 10
Madrid, Spain 79 15 54851 1180 9
Slovenia 309 45 142311 4651 8
Portugal 1440 150 871439 22583 8
Latvia 93 4 61210 1418 9
Hungary 138 15 88830 2883 9

CP, cerebral palsy.

In analyses that involved only children with CP and their
outcomes we controlled for GA and BW: to differentiate between
low BW because of prematurity and small for gestation age, CP
children were assigned a Standardised BW z Score to indicate
deviation from the expected weight for their GA and sex. BW
norms were different for singletons and multiples (see online
supplementary appendix 2).

Statistical analysis

CP prevalence is reported per 1000 live births. CP prevalence
across multiples and singletons is compared using risk ratios
(RR).

We analysed trends over time using multilevel Negative
Binomial models whereby observations were nested within
registers. Multilevel models allow controlling for heteroge-
neity across registers (see online supplementary appendix 3).
Models were adjusted for offset terms to account for differences
in the number of live births across registers’ catchment areas.
Time trends described changes in prevalence year by year. We
investigated linear and non-linear (quadratic) trends, and tested
nested models using likelihood-ratio ¥ tests with a threshold of
p<0.005. Coefficients reported are incidence rate ratios (IRR).

In analyses of outcomes among children with CPB, we used
multilevel logistic regressions to model associations between
the outcome and birth type, successively adding covariates GA
category and BW z scores (see online supplementary appendix
3). Whether the CP birth was single or multiple was unknown
for 272 cases (3.23%), who were excluded from analyses: sensi-
tivity analyses were run assigning unknown births to singletons
and then to multiples, which replicated the patterns of results
presented.

RESULTS
Multiple births and CP
Results indicated an increase of multiple births over time that
followed a quadratic trend: 2.47% of total births were multiples
in 1990, increasing to 3.34% in 2000, and a successive decel-
eration (eg, 2.76% in 2008): trends differed across centres (see
online supplementary appendix 4).

The overall prevalence of CP cases per 1000 live births among
singletons was 1.64 (95% CI 1.60 to 1.68), but was 7.02 CP
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Table 2A  Multilevel negative binomial regression coefficients of
the total number of CP births on total live births by singletons and
multiples

Model parameters Singletons 95% CI Multiples 95% CI

Intercept 0.002
Yearly rate of change 0.976
Overdispersion: Ln(Alpha)  -5.691
Between-centre variation

0.001 t0 0.003  0.010
0.952 to 1.001 0.972
-7.332t0 -4.049 -3.008

0.001 t0 0.013
0.955 to 0.990
—4.039 to -1.977

Initial status 0.239 0.092t00.621  0.042 0.006 to 0.288
Rate of change 0.002 0.001 to 0.004 NA

Covariance -0.017 —0.035 to 0.001 NA

Model fit Wald y(1)=3.49, p=0.062 Wald x*(1)=8.94, p=0.003.

Parameters in bold are significant at p<0.005. Comparisons of models using the likelihood ratio test
indicated that estimating centre-level variance around the rate of change and the covariance between
intercept and rate of change of Multiples did not improve model fit (at p<0.005). Therefore, these
terms were not modelled.

cases per 1000 live births among multiples (95%CI 6.58 to
7.48): risk ratio (RR)=4.27,95% CI 4.00 to 4.57. We report CP
prevalence trends across singletons and multiples in table 2A:
these indicated a non-significant linear decrease in prevalence
among singletons (IRR=0.98), while a linear decrease among
multiples IRR=0.97) was significant.

Prevalence of CP by multiple birth and GA

Results between birth years 1990-2008 did not indicate
substantial differences across singletons and multiples born
extremely or very preterm (<32 weeks), RR=0.97 (95%
CI 0.86 to 1.08) or between singletons and multiples born
moderately preterm (32-36 weeks), RR=0.96 (95% CI
0.82 to 1.11) (see table 2B). However, full-term multiples
displayed higher risk for CP compared with full-term single-
tons, RR=1.89 (95% CI 1.56 to 2.30).

Significant decreases in the prevalence of CP were revealed for
singletons and multiples born less than 32 weeks GA and among
singletons born 32-36 weeks GA (see figure 1 and table 3). Prev-
alence of CP remained stable for multiples born 32-36 weeks
GA and did not change significantly for full-term singletons or
full-term multiples (see also online supplementary appendix 3).

Prevalence of CP by multiple birth and BW

The prevalence of CP between 1990 and 2008 was similar
for singletons and multiples born weighing less than 1500g,
RR=0.95 (95% CI 0.85 to 1.05). The prevalence of CP was
higher among singletons born weighing between 1500 and less
than 2500g when compared with multiples of the same BW,
RR=0.79 (95% CI 0.70 to 0.88). In contrast, multiples born
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Figure 1 Prevalence of cerebral palsy across singletons and multiples

by year and by categories of GA and BW. Raw trends over time are
represented by smoothed curves, estimated using locally weighted
scatterplot smoothing. BW, birth weight; GA, gestational age.

with normal BW (=2500g) displayed a higher risk for CP
compared with normal BW singletons, RR=1.92, (95% CI 1.61
to 2.30) (see table 2B).

A linear decrease in CP prevalence was observed for both
very LBW singletons and multiples and among moderately
LBW singletons, but not among moderately LBW multiples (see
figure 1 and table 3). No significant changes across time were
observed among normal BW singletons or normal BW multiples
(see online supplementary file 1).

Table 2B  CP prevalence by singletons and multiples and by categories of gestational age and birth weight

Singletons 95% Cl Multiples 95% Cl RR 95% Cl

Gestational age

<32 weeks 47.35 44.50 t0 50.34 45.84 41.43 to 50.60 0.97 0.86 to 1.08

32-36 weeks 5.47 5.09 to 5.87 5.24 4.56 t0 5.99 0.96 0.82 to 1.11
Birth weight

37+ weeks 1.07 1.03 to 1.11 2.02 1.65 to 2.45 1.89 1.56 to 2.30

<1500g 42.79 40.37 to 45.32 40.48 36.76 to 44.47 0.95 0.85to0 1.05

1500-2499¢ 8.37 7.92 t0 8.83 6.58 5.90 to 7.31 0.79 0.70 to 0.88

2500+ g 1.07 1.03t0 1.10 2.05 1.71 t0 2.44 1.92 1.67 to 2.30

RRs represent the CP risk of multiples compared with singletons. Parameters in bold are significant at p<0.005

CP, cerebral palsy; RR, risk ratio.
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Table 3
singletons or multiples

IRRs indicating yearly changes in the total number of CP cases on the total number of live births, by GA or BW categories and by

Cross-centre

Cross-centre

variability in variability in
Singletons IRR 95% Cl Model Wald »* slope? Multiples IRR 95% Cl Model Wald > slope?
GA
<32 weeks Linear yearly decrease  0.96*  0.95 to 0.98 x2(1)=21.38* No Linear yearly decrease  0.95*  0.93 to 0.98 x(1)=14.62*  No
32-36 weeks Linear yearly decrease  0.96*  0.94 to 0.98 x(1)=17.50* No No yearly change 0.99 0.96 to 1.03 x(1)=0.10 No
37+ weeks No yearly change 0.99  0.961t01.02 x2(1)=0.29 Yes No yearly change 0.98 0.94 t0 1.02 x2(1)=0.77 No
BW
<1500g Linear yearly decrease  0.96*  0.95 to 0.98 x*(1)=20.87* No Linear yearly decrease  0.95*  0.93 to 0.97 x*(1)=19.87*  No
1500-<2500g  Linear yearly decrease  0.97*  0.96 to 0.98 %2(1)=18.88* No No yearly change 0.99 0.96 to 1.01 $A(1)=0.73 No
>25009 No yearly change 0.98 0.95 to 1.01 x2(1)=1.08 Yes No yearly change 0.96 0.92 to 1.00 $2(1)=4.01 No

We also reported whether the models indicated cross-centre variability in the rate of change (slope) of CP prevalence. IRRs were estimated using multilevel negative binomial regressions. Parameters of the models

are introduced in online supplementary appendix 4 and full parameters reported in online supplementary appendices 5 and 6. Cross-centre variability in slope indicated that different centres displayed varying rates of
change in the CP prevalence for that category of birth and GA or BW. Conversely, if no cross-centre variability was observed, the rate of change of CP prevalence was estimated to be consistent across centres. The lack
of significant cross-centre variability in the slopes of CP prevalence for singletons and multiples in lower GA and BW categories indicated that the significant decrease of CP cases among these at-risk categories was

consistent across centres.
*P<0.005.
BW, birth weight; CP, cerebral palsy; GA, gestation age; IRR, incidence rate ratios.

Differences in CP type and motor impairment

A higher percentage of multiples met criteria for spastic bilateral
CP (see table 4) and displayed higher odds of presenting this
subtype rather than other subtypes, adjusted OR=1.39 (95% CI
1.21 to 1.61): ORs were adjusted for birth year and centre-level
effects. However, these differences were non-significant once
we controlled for variations in GA and BW z scores: adjusted
OR=0.87 for multiples compared with singletons (95% CI 0.74
to 1.01). Compared with full-term birth, birth before 32 weeks
was associated with a threefold increase in the odds of spastic
bilateral CP, OR=3.16 (95% CI 2.80 to 3.56). Higher BW for
GA was also associated with reduced odds of spastic bilateral CP,
OR=0.95 (95% CI 0.93 to 0.98).

The percentage of singletons and multiples with moderate-
severe motor impairment was 439 in both cases: (n=2975/6880)
and (n=402/941), respectively. Models (see online supple-
mentary appendix 7) indicated a linear decrease in the odds
of moderate-severe impairment (OR=0.98, 95%CI 0.97 to
0.99), but an interaction term suggested this trend did not differ
between singletons and multiples, LR test x*(1)=0.26, p=0.61.

CP risk and birth order

Twin children with CP did not display different birth order:
50.39% (n=384/762) were second-born (binomial test assuming
equal probability of being first-born or second-born: p=0.86). A
higher proportion of twins with CP born by vaginal delivery was
first-born rather than second-born: 55.39% (n=113/204). The
proportion of first-born and second-born CP twins did not differ

Table 4 Number and percentages of singletons and multiples by CP

type

Singletons Multiples Total

Spastic bilateral N 3610 570 4180

% 50.38 58.28 51.33
Spastic unilateral N 247 309 2780

% 34.48 31.60 34.14
Other CP type N 929 80 1009

% 12.96 8.18 12.39
CP type uncertain N 156 19 175

% 2.18 1.94 2.15

Pearson y*(3)=28.70, p<0.001.
CP, cerebral palsy.

significantly among emergency caesarean deliveries, 47.57%
being first born (n=98/206).

DISCUSSION

We investigated the prevalence of CP in multiples and singletons
using population-based data collated from a European collabora-
tion. By harmonising methods and definitions, and by adopting
robust procedures for ascertainment, this collaboration provides
reliable data on the condition over time. The results indicate
that multiple births had been increasing since 1990, and they
were associated with increased risk for CP. This increased risk
was related to the higher prevalence of preterm or LBW births
among multiples, which was also underlined by the finding that
multiples with CP displayed the bilateral spastic CP-subtype
typical of lower GA and BW groups. Despite multiples being at
increased risk for CP, CP prevalence decreased linearly among
multiples in at-risk categories because of prematurity and LBW.

In particular, while CP prevalence among multiples born less
than 32 weeks was higher for cohorts born in the early 1990s,
this declined significantly, becoming comparable to the CP prev-
alence among singletons of the same GA (see figure 1). A signifi-
cant decline in CP prevalence was also observed among multiples
weighing less than 1500g (LBW). Results based on SCPE data
indicated an analogous decline in CP prevalence among LBW
European children:'® here, we show that this decline involves
both multiples and singletons. Furthermore, the decline in CP
prevalence among the lowest GA and BW categories of single-
tons and multiples was consistent across participating registers
(see table 3): this has potential clinical significance (see online
supplementary file 1).

The higher risk for CP among singletons in the Moderate LBW
category (1500-2499 g) is consistent with findings from another
large population study:* however, our findings also show that
this difference has been narrowing over time.

In contrast, CP prevalence among multiples born at term
did not change significantly between 1990 and 2008. Overall,
2.02 per 1000 full-term multiples births were diagnosed with
CP, which is substantially higher than the prevalence of 1.07 per
1000 births among full-term singletons. A specific pathogenic
mechanism may be suspected for CP in full-term multiples. Some
research suggests a role for intrapartum risks, for example, twin-
twin transfusion syndrome.® Other studies provided evidence of
intrauterine growth divergence being associated with increasing
risk for CP:**?’ since growth divergence is a common occurrence
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in multiple pregnancies,® this may be a key factor in determining
differential patterns of risk between singletons and multiples,
particularly when the pregnancy reaches term.

Among children with CP, multiples and singletons displayed
similar profiles of motor impairment severity. Furthermore, we
report a significant linear decrease in the proportion of the CP
population with moderate-severe motor impairment that did not
vary significantly between singletons and multiples. Improve-
ments in care that have contributed to an overall decrease of
moderate-severe CP across European countries'® may have also
reduced risk for severe impairment among multiples.

Results did not indicate a higher proportion of second-born
among twins with CPB, and when considering those twins born by
vaginal delivery, second-born twins were proportionally fewer
(45%). If intrapartum asphyxia could explain CP risk of second-
born twins in cohorts before the 1990s,?® our results suggest that
changes in obstetric care since 1990 have countered this patho-
genic mechanism.

Our findings were limited by our inability to investigate trends
in birth years after 2008: this is due to the need for reliable
CP ascertainment by registers. Furthermore, many variables that
could inform about potential causal mechanisms linking multiple
birth and CP were not reported. For example, a causal pathway
may involve increased risk for placental abruption in multiple
births,” which in turn may contribute to preterm birth*® and
CP!'31 Advanced maternal age’” and assisted reproductive tech-
nologies (ARTs)** may also confound the association between
multiple birth and CP**

CONCLUSION

Our study is unique in using reliable observations of multiple
births and CP collected over a significant period, thus providing
statistical power to detect key trends. Results support reports of
an increased risk for CP in multiples.

Studies linked increased rates of multiples to availability of
ARTs and higher maternal age:**™ our findings of increased
CP risk in multiples highlight the importance of limiting the
multiple gestation risk of ARTs.*® *® However, multiples have
profited equally from improvements in management of prema-
ture births since the 1990s, as indicated by the decrease in CP
prevalence among multiples of lower GA or BW.

The continuously higher prevalence of CP in multiples born
at term is, however, of concern. Other studies indicate multiples’
increased risk for mortality and severe disability after reaching
38 weeks’ gestation® ©° and recommendations acknowledge
these risks: for example, NICE guidelines recommend informing
women with uncomplicated dichorionic diamniotic and mono-
chorionic diamniotic twin pregnancies about the risks of
continuing the pregnancy beyond 37%° and 36™° weeks, respec-
tively.>” More research using population-based studies is needed
to investigate the causal mechanisms that link multiple births to
increased risk for CP**
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