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Abstract

Aim—To assess the risk of developing cerebral palsy in relation to pregnancy disorders and
preterm birth.

Method—BY linking the Medical Birth Registry of Norway to other national registries, we
identified all live births in Norway from 1967 through to 2001. Risks of cerebral palsy (CP) after
preterm delivery and pregnancy disorders were estimated in different gestational age groups.

Result—In total, 1,764,509 children delivered at 23-43 weeks’ gestation were included. The
prevalence of CP was 1.8 per 1000 births. Absolute risk of CP was 8.5% among children born at
23-27 weeks’ gestation, 5.6% at 28-30 weeks, 2.0% at 31-33 weeks, 0.4% at 34-36 weeks, and
0.1% thereafter. Placental abruption, chorioamnionitis, prolonged rupture of membranes,
intrauterine growth restriction, pre-eclampsia, multiple births, placenta previa, bleeding, cervical
conization, and congenital malformation were all associated with CP. Before 32 weeks’ gestation,
absolute risk of CP was highest with chorioamnionitis (9.1%) and lowest with pre-eclampsia
(3.1%). Among those born after 31 weeks, the absolute risk of CP was more consistently (but also
more slightly) increased with a recorded pregnancy disorder.

Interpretation—Early delivery and pregnancy disorders were both strong risk factors for CP.
The added risks with recorded pregnancy disorders varied within categories of gestational age.

The risk of developing cerebral palsy (CP) strongly increases with preterm birth,1=3 but the
biological basis for this association is not clear. Preterm delivery exposes the fetus to
extrauterine life before it may be ready, and this exposure may be particularly harmful to the
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developing brain. However, almost every preterm birth is the result of an underlying
pathological process, and this underlying process may also contribute to the risk of
developing CP. Numerous pregnancy disorders are associated with both preterm birth and
CP,2-11 and it is unclear to what extent the association between preterm birth and CP can be
attributed to the early delivery, to the pregnancy disorder, or to the combination of the two.
Parents who deal with pregnancy complications or preterm birth are often concerned for
their child’s outcome. A better understanding of the role of preterm birth and pregnancy
disorders as risk factors of developing CP may be clinically useful to clinicians and parents.

We linked the Medical Birth Registry of Norway (MBRN)12.13 to other national registries
for all live births in Norway from 1967 through to 2001 in order to describe the risk of
developing CP in relation to pregnancy disorders and preterm birth.

We performed a national cohort study with prospectively collected data from compulsory
registries. Each Norwegian citizen is assigned a unique personal identification number. By
using the personal identification number in an encrypted form, we linked information from
the MBRN, Statistics Norway,4 and the National Insurance Scheme. MBRN provided
information on maternal health, pregnancy disorders, delivery, and birth, while data on
education, migration, and death were obtained from Statistics Norway.

We identified all live births from 1967 to 2001 registered in the MBRN. Gestational age was
calculated from the first day of the last menstrual period. Children with missing data on
gestational age, children born at less than 23 weeks’ or more than 43 weeks’ gestational age,
and children with a birthweight more than 3 standard deviations from the mean of the sex-
specific weight for gestational age,1® were excluded as they are likely to have an incorrectly
registered gestational age. We also excluded children who died within the first year of life,
since these children were not likely to have been diagnosed with CP. We also excluded
children who were not registered as Norwegian residents. The cohort was followed through
to 2005.

The study was approved by the Norwegian Data Inspectorate, the Norwegian Labour and
Welfare Administration, the National Population Register, and the Norwegian Directorate of
Health. This approval included a waiver of individual consent.

Pregnancy disorders included placental abruption, chorioamnionitis, placenta previa,
multiple births, prolonged rupture of membranes, intrauterine growth restriction, congenital
malformations, cervical conization, unspecified bleeding, and pre-eclampsia. We defined
chorioamnionitis to include both recorded chorioamnionitis and fever or sepsis during labour
without a specific diagnosis of chorioamnionitis. Chorioamnionitis is reported to the MBRN
by obstetricians during admission at the maternity unit. More specific information on how
chorioamnionitis was diagnosed is not available in this register. Pre-eclampsia included
eclampsia and early and late pre-eclampsia. Prolonged rupture of membranes was defined as
rupture more than 24 hours before birth. Intrauterine growth restriction was defined as
birthweight below 2SDs from the mean according to sex and gestational age.1® Unspecified

Dev Med Child Neurol. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

TRONNES et al.

Page 3

bleeding was defined as bleeding during pregnancy other than that caused by placenta previa
or placental abruption. Since cervical conization was not registered in the MBRN before
1987, this variable was analysed in a sub-cohort of children born from 1987 through to
2001, using the same exclusion criteria as in the larger cohort. Congenital malformations are
recorded at maternity units and, after 1999, also at neonatal departments. We also collected
data on malformations that were diagnosed after the neonatal period from the Norwegian
Insurance Scheme. Hip dysplasia was not included as a congenital malformation. Single
mother at birth, parental level of education, sex, immigrant status, and maternal age were
included as sociodemographic factors. Families were identified as immigrant if both parents
were born outside Norway.

Every Norwegian resident is insured through the National Insurance Scheme.16 This
insurance programme provides a basic benefit for disabilities that cause substantial
expenses, an attendance benefit for disabled persons needing special attention or nursing,
and a disability pension for persons whose working capacity is reduced by more than 50%.17
The decision to grant benefits and pensions is based on information provided by the
applicant and a medical examination, and benefits are granted irrespective of family income.
CP cases were identified by the International Classification of Diseases codes 342.0-344.9
(9t revision) and G80-G83.9 (101" revision) in the insurance database. The date of
diagnosis was not available in the dataset. A validation study has shown that the National
Insurance Scheme has a sensitivity of 70% (mild cases tend to be underreported) and a
specificity of 99% for the diagnosis CP.18 Data from the National Insurance Scheme were
registered through 2005, leaving a follow-up time of 4 to 39 years.

Statistical analysis

We investigated the prevalence of CP in relation to gestational age at birth and pregnancy
disorders, and in various time periods. We also evaluated the associations of pregnancy
disorders and sociodemographic factors with preterm birth (<37wks) and CP. The year of
birth was used as a continuous variable, while other variables were categorical.

Next, we studied the association between gestational age at birth and CP. gestational age
was categorized as 23-27 weeks, 28-30 weeks, 31-33 weeks, 34-36 weeks, 37-41 weeks
(reference), and 42—-43 weeks. We calculated the odds ratios of CP according to gestational
age and examined whether odds ratios changed after adjustment for sociodemographic
factors and year of birth, and after additional adjustment for pregnancy disorders.

We also assessed whether the associations between pregnancy disorders and CP differed
within the various gestational age categories. We estimated absolute risks of CP with each
pregnancy disorder stratified in two preterm groups (23—-31 weeks and 32-36 weeks), a term
group (37-41 weeks), and a post-term group (42-43 weeks). We calculated odds ratios
adjusted for sociodemographic factors and year of birth, with the reference being children
born of pregnancies with no registered disorders. Risks were considered significantly
different when 95% confidence intervals of odds ratios did not include 1.0. This corresponds
to a two-sided hypothesis test with a significance level of 5%. Odds ratios with 95%
confidence intervals were estimated by logistic regression models (PASW software, version
18.0; IBM SSPS Statistics, IBM Corp. NY, USA).
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Persons missing relevant data were excluded from all adjusted analyses. Since the data were
collected over several decades, we also conducted the main analyses separately in three time
periods (1967-1978, 1979-1990, and 1991-2001). Since more than one fetus is affected by
a pregnancy disorder in multiple births (and pregnancy disorders themselves can be
exacerbated by multiple birth), we also repeated the analyses after excluding multiple births.
As patent ductus arteriosus and undescended testicles may be normal findings among
preterm children, we performed the analyses without including these in the congenital
malformation variable.

There were 2,024,215 live births in Norway from 1967 to 2001. We excluded 122,701
(6.1%) with missing information on gestational age at birth, 64,424 (3.2%) who were not
registered as residents of Norway, 38,266 (1.9%) born after 43 completed weeks of
gestation, 18,997 (0.9%) with a presumed error in registered gestational age, 13,971 (0.7%)
who died before 1 year of age, and 1347 (0.1%) with gestational age less than 23 weeks,
leaving a cohort of 1,764,509 (87%) children. Of these, 92,320 (5.2%) were preterm.
Sociodemographic data were available for more than 99% of the cases.

CP was recorded for 3151 of these children, with an overall prevalence of 1.8 per 1000
births. The prevalence was 1.9 per 1000 births in the period 1967-1978, 2.0 per 1000 births
in the period 1979-1990, and 1.5 per 1000 in the period 1991-2001 (Fig. S1, online
supporting information. The prevalence of CP increased with earlier delivery, ranging from
1.1 per 1000 at 40 weeks’ gestation to a maximum of 90.7 per 1000 at 26 weeks’ gestation
(Fig. 1). Of all CP cases, 5% were born at 23-27 weeks’ gestation, 9% at 28-30 weeks, 10%
at 31-33 weeks, 9% at 34-36 weeks, 57% at 37-41 weeks, and 11% at 42-43 weeks.

Pregnancy disorders were recorded in 13% of all births: 42% of preterm births, 12% of term
births, and 9% of post-term births. Pre-eclampsia, intrauterine growth restriction,
unspecified bleeding, and multiple births were the most common disorders, and all
pregnancy disorders and most of the sociodemographic factors were associated with both
preterm birth and CP (Table I). Nearly half of children with CP (49%) were born after 36
completed weeks' gestation with no recorded pregnancy disorder.

Adjustment for sociodemographic factors and year of birth had no appreciable influence on
the odds ratios of CP with early delivery (Table 11). Additional adjustment for pregnancy
disorders slightly weakened the odds of CP with preterm birth (Table II).

Table I11 provides absolute risks and odds ratios for infants born after pregnancy disorders at
various gestational ages. Among the earliest deliveries (23-32 weeks’ gestation), infants
with any registered pregnancy disorder were at no greater risk of developing CP than those
with no registered disorder. Nonetheless, the risk of developing CP did vary with individual
types of pregnancy disorders. At 31 weeks and earlier, risk was highest with
chorioamnionitis (absolute risk 9.1%, odds ratio 1.7 [95% CI 1.2-2.3]) and lowest with pre-
eclampsia (absolute risk 3.1%, odds ratio 0.6 [95% CI 0.4-0.9]), compared with preterm
infants with no registered pregnancy disorder (absolute risk 5.7%, reference). Among those
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born after 31 weeks, the absolute risk of developing CP was more consistently (but also
more slightly) increased if a pregnancy disorder was recorded. While the odds ratios for CP
with pregnancy disorders appeared large, the excess risks were relatively small in absolute
terms. After 31 weeks, pregnancy complications raised the absolute risk of developing CP
by no more than 2%. These main results were stable over the time periods 1967-1978,
1979-1990, and 1991-2001 (Tables S I-S IX, online supporting information). Exclusion of
multiple births resulted in a slight decrease in absolute risks of CP with placental abruption
(from 7.3%-7.1% for children born at 23-31 weeks’ gestation and from 1.4% to 1.3% for
children born at 32—-36 weeks) and chorioamnionitis (from 9.1% to 8.6% for children born at
23-31 weeks’ gestation and from 2.1% to 1.9% for children born at 32—-36 weeks).
Exclusion of patent ductus arteriosus and undescended testicles did not substantially alter
the estimates of absolute risks or odds ratios for CP with congenital malformation.

DISCUSSION

In this national cohort of 1.7 million children, the risk of developing CP was higher in early
deliveries and in pregnancies with recorded disorders. Early delivery is a well-known risk
factor for CP.1-3 Similarly, several previous studies have shown associations between
pregnancy disorders and CP,2-11 but those studies either did not consider a wide spectrum of
pregnancy disorders or did not distinguish the risks at different gestational ages.

Children born after pregnancies complicated by placental abruption, chorioamnionitis,
intrauterine growth restriction, and congenital malformation were at increased odds of
developing CP in most gestational groups, while other pregnancy disorders were more likely
to independently predict increased odds of developing CP in pregnancies after 31 weeks.
This is not to suggest that the recorded pregnancy disorders did not contribute to the risk of
developing CP in infants born at 31 weeks or earlier.

One must assume that all preterm births are caused by pathological processes, although
these are often unknown and not recorded.1® Subclinical intrauterine infection is an example
of such a process. Even though this pregnancy complication may account for more than half
of the preterm births among the earliest deliveries, 2 it is often not recognized. Preterm
births without recorded pregnancy complications can therefore not be considered as births
free of pregnancy complications. Our finding of similar risks of developing CP with or
without a registered pregnancy disorder among children born before 32 weeks’ gestation
suggests that the unrecorded disorders were as damaging as those that were identified and
recorded. Unknown pregnancy pathologies in preterm births also help to explain the
apparently reduced odds of CP with pre-eclampsia in early births. This finding suggests that
pre-eclampsia is less harmful than the other recorded pregnancy disorders, and also less
harmful than the unknown pathologies that have caused the pregnancies without recorded
disorders to end early. Assuming that pre-eclampsia is harmful for fetuses, the low absolute
risk of CP with pre-eclampsia among infants born before 32 weeks’ gestation suggests that
the risk attributed to immaturity may be even lower. Although speculative, this may imply
that both recorded and unrecorded pregnancy disorders have a large impact on the risk of
developing CP. Therefore, we cannot determine to what extent the risk with early delivery
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may be attributed to the infant’s immaturity or to pathological conditions that may have
caused the early delivery.

In contrast, infants born after 36 weeks with no recorded pregnancy disorders (the reference
group) are mostly healthy, and pre-eclampsia in term infants is consistently associated with
higher risk of CP. These findings are in accordance with previous studies,®8 although a
recent Norwegian study found that the risk of CP with pre-eclampsia was increased only for
term children who were small for gestational age.10 This study had a smaller but more recent
eligibility period, and the design differed from ours in exclusion criteria, possible
confounders, estimation of gestational age, and outcome identification.

Several earlier studies have adjusted for gestational age in order to disentangle the effects of
preterm birth and pregnancy disorders on CP. However, recent discussions of causal
inference imply that this approach may result in biased estimates.?122 The possible causal
relations in this study are simplistically illustrated in a directed acyclic graph (Fig S2, online
supporting information). Since pregnancy disorders may cause low gestational age, and both
pregnancy disorders and low gestational age may cause CP, gestational age is a mediator in
the causal pathways between pregnancy disorders and CP. Adjusting for gestational age may
then introduce collider bias from unrecorded pregnancy disorders.21:22 This may seriously
bias the estimates. Therefore, we have attempted to avoid collider bias by not adjusting for
gestational age.

Strengths of our study include the national cohort design with a large sample size, minimal
loss to follow-up, and prospectively collected data. Limitations include some missing data
on gestational age (6.1%) and presumed underreporting of pregnancy disorders and
diagnoses of CP. The prevalence of chorioamnionitis is particularly low in this cohort,
despite a wide definition. The lower prevalence of CP in individuals born after 1991
probably reflects a shorter follow-up time than that of the others. Because of the missing
dates of diagnosis, we were unable to perform analyses that could handle censored data,
which would have resulted in a more accurate estimation of prevalence. Still, the prevalence
of CP in this study was consistent with other, comparable studies.2-323 Moreover, the
information in the insurance registry did not allow us to discern subtypes of CP. It is also
probable that mortality among sick newborn infants selectively removed infants at high risk
of CP This unavoidable bias in CP prevalence may help explain the declining prevalence of
CP for gestational age below 26 weeks. Maternal smoking during pregnancy could not be
adjusted for, since this information was not recorded in the birth registry before 1998. This
potential confounder may be partly covered by adjustment for sociodemographic factors.
Our data cover four decades, which raises the question of the validity of the results for
contemporary settings. However, the risk estimates changed very little across the various
time periods, suggesting that the results may be applicable to current practice.

Our data cannot answer the question of whether prolongation of a complicated pregnancy
may reduce the risk of CP. If an unknown factor causes both CP and preterm birth, then
prolongation of pregnancy would not remove the effect of the unknown factor. It is even
possible that the health of the mother or fetus may be endangered by the prolongation of a
pathological pregnancy. Still, it is likely that preterm birth contributes some component of
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CP risk, and there is no reason to discard caution in considering the possible harm of
elective delivery before term.

CP is a feared long-term consequence of complicated pregnancy and preterm delivery.
Parents concerned about their child’s probability of developing CP will be most interested in
absolute risk. The absolute risk of developing CP after preterm delivery ranged from 8.5%
for the extremely preterm to 0.4% for the late preterm. Notably, after 31 weeks’ gestation
the additional diagnosis of a pregnancy disorder added little or moderately to the absolute
risk of CP. This may offer some reassurance for parents who are concerned about the effects
of a registered pregnancy disorder on their child, particularly one born preterm.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The study was funded by the Western Norwegian Regional Health Authority and by the Intramural Research
Program of the NIH, National Institute of Environmental Health Sciences. These organisations had no role in study
design, data analysis, and interpretation of the results.

ABBREVIATION

MBRN Medical Birth Registry of Norway

References

1. Moster D, Lie RT, Markestad T. Long-term medical and social consequences of preterm birth. N

Engl J Med. 2008; 359:262-73. [PubMed: 18635431]

2. Sukhov A, Wu Y, Xing G, Smith LH, Gilbert WM. Risk factors associated with cerebral palsy in

preterm infants. J Matern Fetal Neonatal Med. 2011; 25:53-57. [PubMed: 21463212]

3. Thorngren-Jerneck K, Herbst A. Perinatal factors associated with cerebral palsy in children born in

Sweden. Obstet Gynecol. 2006; 108:1499-505. [PubMed: 17138786]

4. Blair E, Al Asedy F, Badawi N, Bower C. Is cerebral palsy associated with birth defects other than

cerebral defects? Dev Med Child Neurol. 2007; 49:252—-8. [PubMed: 17376134]

5. Gilbert WM, Jacoby BN, Xing G, Danielsen B, Smith LH. Adverse obstetric events are associated

with significant risk of cerebral palsy. Am J Obstet Gynecol. 2010; 203:328, e1-5. [PubMed:
20598283]

6. Greenwood C, Yudkin P, Sellers S, Impey L, Doyle P. Why is there a modifying effect of

gestational age on risk factors for cerebral palsy? Arch Dis Child Fetal Neonatal Ed. 2005;
90:F141-6. [PubMed: 15724038]

7. Kulak W, Okurowska-Zawada B, Sienkiewicz D, Paszko-Patej G, Krajewska-Kulak E. Risk factors

for cerebral palsy in term birth infants. Adv Med Sci. 2010; 55:216-21. [PubMed: 20688615]

8. Mann JR, McDermott S, Griffith MI, Hardin J, Gregg A. Uncovering the complex relationship

between pre-eclampsia, preterm birth and cerebral palsy. Paediatr Perinat Epidemiol. 2011; 25:100-
10. [PubMed: 21281322]

9. O’Callaghan ME, Maclennan AH, Gibson CS, et al. Epidemiologic associations with cerebral palsy.

Obstet Gynecol. 2011; 118:576-82. [PubMed: 21860286]

10. Strand KM, Heimstad R, Iversen AC, et al. Mediators of the association between pre-eclampsia

and cerebral palsy: population based cohort study. BMJ. 2013; 347:f4089. [PubMed: 23838554]

Dev Med Child Neurol. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

TRONNES et al.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 8

Wu YW, Colford JM Jr. Chorioamnionitis as a risk factor for cerebral palsy: A meta-analysis.
JAMA. 2000; 284:1417-24. [PubMed: 10989405]

Norwegian Institute of Public Health. [Accessed 27th January 2014] Medical Birth Registry of
Norway. http://www.fhi.no/eway/default.aspx?
pid=240&trg=Main_6664&Main_6664=6898:0:25,7840:1:0:0:::0:0

Irgens LM. The Medical Birth Registry of Norway. Epidemiological research and surveillance
throughout 30 years. Acta Obstet Gynecol Scand. 2000; 79:435-9. [PubMed: 10857866]
[Accessed 27th January 2014] Statistics Norway. http://www.ssb.no/en/

Skjaerven R, Gjessing HK, Bakketeig LS. Birthweight by gestational age in Norway. Acta Obstet
Gynecol Scand. 2000; 79:440-9. [PubMed: 10857867]

The Norwegian Labour and Welfare Administration. [Accessed 27th January 2014] Membership in
The National Insurance Scheme. http://www.nav.no/English/Membership+in+The+National
+Insurance+Scheme

Norwegian Ministry of Labour. [Accessed 27th January 2014] The Norwegian Social Insurance
Scheme. http://www.regjeringen.no/upload/AD/publikasjoner/veiledninger_brosjyrer/2010/
DNT_2010_eng.pdf

Moster D, Lie RT, Irgens LM, Bjerkedal T, Markestad T. The association of Apgar score with
subsequent death and cerebral palsy: A population-based study in term infants. J Pediatr. 2001;
138:798-803. [PubMed: 11391319]

Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology and causes of preterm birth.
Lancet. 2008; 371:75-84. [PubMed: 18177778]

Onderdonk AB, Hecht JL, McElrath TF, Delaney ML, Allred EN, Leviton A. Colonization of
second-trimester placenta parenchyma. Am J Obstet Gynecol. 2008; 199:52 e1-10. [PubMed:
18313635]

Vanderweele TJ, Mumford SL, Schisterman EF. Conditioning on intermediates in perinatal
epidemiology. Epidemiology. 2012; 23:1-9. [PubMed: 22157298]

Wilcox AJ, Weinberg CR, Basso O. On the pitfalls of adjusting for gestational age at birth. Am J
Epidemiol. 2011; 174:1062-8. [PubMed: 21946386]

Surveillance of Cerebral Palsy in Europe (SCPE). Surveillance of cerebral palsy in Europe: a
collaboration of cerebral palsy surveys and registers. Dev Med Child Neurol. 2000; 42:816—24.
[PubMed: 11132255]

Dev Med Child Neurol. Author manuscript; available in PMC 2015 August 01.


http://www.fhi.no/eway/default.aspx?pid=240&trg=Main_6664&Main_6664=6898:0:25,7840:1:0:0:::0:0
http://www.fhi.no/eway/default.aspx?pid=240&trg=Main_6664&Main_6664=6898:0:25,7840:1:0:0:::0:0
http://www.ssb.no/en/
http://www.nav.no/English/Membership+in+The+National+Insurance+Scheme
http://www.nav.no/English/Membership+in+The+National+Insurance+Scheme
http://www.regjeringen.no/upload/AD/publikasjoner/veiledninger_brosjyrer/2010/DNT_2010_eng.pdf
http://www.regjeringen.no/upload/AD/publikasjoner/veiledninger_brosjyrer/2010/DNT_2010_eng.pdf

TRONNES et al. Page 9

Dev Med Child Neurol. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

TRONNES et al.

Page 10

100 -
72}
k=
‘s 804
o
2
o
8
— 60 A
5,
o
2
2
S
>, 401
wn
=
o
E
S 20 -
(0]
Q

0
Figure 1.

25

30

Hnggzz
35

Gestational age in weeks

?l:ll:l

40

Prevalence of cerebral palsy according to gestational age among 1,764,509 live births.

Dev Med Child Neurol. Author manuscript; available in PMC 2015 August 01.



Page 11

available in PMC 2015 August 01.

)

Dev Med Child Neurol. Author manuscript

(01-8'0) 80 (6'0-2'0) 80 259 (01-6'0)0'T (6'0-6'0) 60 952'12 9G€e'eSy Ay1<
(s0usay01) 0'T (d0uasayal) 0°T 285t (s0udsaye1) 0'T (s2uasege1) 0'T 0€0'Sy 76e'z88 ApT-TT
(z1-0m)TT (e1T-11eCT €8 TT-TDT1T (z1zTCT 186'€C 198'T0V AtT>
uolyednpa Jeulsled
(01-6'0) 60 (60-8'0) 80 9z (6'0-6'0) 60 (01-6'0) 60 9TT'e? 295'68Y Ay1<
0T (oouaisegar) 0'T [ (s2ua19421) 0'T (sauaseger) 0'T TIS'0Y T/6'€08 AyT-T1
(z10m)TT (e1T-11CT 786 (z1-11)CT (z1zTCT €59'/2 816'LSY AtT>
uo11eaNpa [eulsreN
(souBipgel) 0'T (s0uiegel) 0'T 6522 (ouuegal) 0'T (s0uBipgel) 0'T ¥52'08 8€.'88G'T ON
(eT-0m)TT (ST-zTeT 8¢ FT-€T) 7T FTvT¥T TGS'TT 6v6'L9T SOA
yuIq 1e Jatpow 3jbuls
10108} o1ydesBowapoloos
(soualayal) 0'T (soualagal) 0'T 1261 (s0ualayal) 0'T (soualayal) 0'T 962'cS €€2'88G'T Japiosip Aoueubaid papiodal oN
(T5-0v) s (rs<€v) 8y S0e (97-6T)5T (21-9T) 971 96TE 078'8¢ uoneLuoffew [e)usbuod
(62€2)9¢ (zv-ge) e 182 (01-6'0)0'T (0z-6T)0C LSvy 181'9y uonoLlsal ymouB aunanenul
(8e-LT) 52 (csv72)ge 9 (ze-L2) o€ (ee82) 1€ 191 vSLy qUONEZIUOD [EJIAISD
(0z-s1) L7 (ez-L1)0e vLT (Le-g€) ot (Tv-6€) 0 1558 602'0S eisdue|oa-ald
(8212 ve (6222 s¢ 68T (se-ce)ve (ze-0e)Te €609 €L0'ey Buipaajq patyoadsun
(8e-go)1e (Sv-0€) L€ 10T (02-69) 89 (6'9-69) L9 9zTY LT/'ST | seueiquaw jo aimdni pabuojold
(ze-v2) 8z (Tv-1€) 9°€ 8€z (e'eT-L2T) 0°ET (zet-9en) 62T 6.6'VT 86.'6€ syuiq ajdniniA
(95-L2)6€ (zr-9€)Tg € (e'91-T¥T) 2'ST (6'€T-2CT) 0°ET €15T 959¢ eInaud euade|d
(L'8-29) L9 (Te1-52) 56 69 (8'5-09) ¥'s (Te-T12) 82 veet G6TY sniuojuwWeoLIoyd
(96-99) 08 (8TT-2'8) 86 62T (zv1-8er) g€t (eeT-zen) Let €T 9L uondnige [ejusdeld
slaplosip Aoueubaid
(12 9%656) g0 PANIPY | (15 0556) w0 apnuo | seseojo o | (1D %656) edO PASNIPY | (15 056) 0 apnuo | sosea jo oN u LTI
(TgTE=U) (0z€'e6=U)
Asjed [eagata)d yuiqg wisaid

TRONNES et al.

SYMIQ aAll 60S 779/ T Buowre Asjed |eigalad pue yuig wialaid Joj soiel sppo
| ||qeLl
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript




Page 12

TRONNES et al.

‘|eAJBIUI BOUBPIIUOD ‘| ‘O11eI SPPO ‘YO /86T 210497 erep Buissiw Jo asnedaq ‘(82T'0/2=U) T00Z—/86T ‘HOY0I-gns & Ul pasAfeuy

q

"YMIq JO Jeak pue 3|qel 8y} Ul SS|qRLIBA [[e 10} uﬁws._u,qm

(T'1-90) 80 (e'1-20)0T 144 WT-€1)€T GT-rIvT v¥81 825'se 6e<
(s0udsayal) 0°T (s0uasayal) 0°T T90€ (s0udsayal) 0'T (2uas9ga1) 0'T G89'88 6GE'LTL'T 66-8T
(e1-20)0T (91-60)2'T 14 (2157971 L1917 T6LT 129'1C Ag1>
abe [eusareN
(souaiagar) 0'T (souaieger) 0'T G60€ (s0uaiagal) 0'T (ouasayal) 0'T 880'68 888'22.L'T ON
(07-90) 80 (071-90) 20 95 ST¥1vT (91-51T) 87T A4 129'TYy SOA
JuelBiww|
(s0udsayal) 0°T (eouaisegar) 0'T 08T (s0usaya1) 0'T (s2uasggar) 0'T 6v6'0S 656'G06 3[eN
(6'0-2'0) 80 (8'0-2'0) 80 LYET (6'0-8'0) 60 (6'0-8'0) 60 TLE'TY 0,5'858 aewsa
x9S
(12 %56) 0 PAISNIPY | (15 9466) 4O apnuD | seseajoon | (1D %86) eHO PASNIPY | (15 0466) O apnuo | sases jo oN u alqeLIBA

(TSTE=U)

(0ze'z6=U)

Asjed [eagata)d

YuIg waslsld

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dev Med Child Neurol. Author manuscript; available in PMC 2015 August 01.



Page 13

TRONNES et al.

‘0114 SPPOo ‘YO ‘abe Jeuoneisab ‘vo ‘Asjed [elqalad ‘4D {[eAIsIUI 2USPILUOD |D "YMIQ JO Jeak pue ‘si010e) o1ydelBowapoloos ‘uolewiosfew [eiuabuod ‘uoieziuod [ealAIR ‘Buipas|q palioadsun
‘e1nald elusoe|d ‘syuiqg ajdnnw ‘eisdweds-aid ‘uonotsal Ymolh suisineliul ‘uoiloLsal Yimolb sutisineul ‘saueiquiaw Jo ainidna pabuojoud ‘siiuoluweorioyd ‘uondnige feiusdeld oy paisnipy

q

"YuIq J0 Jeak pue ‘(abe [eutslew pue ‘snieis JuelBiwwi ‘Xas ‘uoneanpa [ejualed ‘yuiqg 1e Jaylow ajbuis) si01oe) o1ydesfowapoidos oy uwum:_u,qm

FT-TTCT (e1-TTCT (e1-TT 2T (T65'622/0v€) T'0 ev-ay
(ouiegel) 0'T (ouBupgel) 0'T (s0uBsegel) 0'T (865'2¥'T/L08T) T'0 Tr-L€
(ee-s2) 62 (Le-60) et (Le-62)ce (Lev'02/582) ¥'0 9e—v¢
(6'¥1-€'TT) 0'€T (2'81-9'T) 591 (7'81-¥'¥T) €91 (¥9¥'ST/60€)0°2 ee-1¢
(Ter-028) TLE (r'25-8'€¥) 205 (rvs-81v) L1y (9v2'7/892) 9'G 0€-82
(6'1.-2'8Y) 6'8G (7'00T-1'69) v'€8 (7'88-6'19) O't7L (eL9'T/2vT) 68 Vo 4

(12 %86) g0 parsnipy

(12 %56) pHO paIsnipy

(10 %56) HO 8pnID

(A10B87e0 UL "ON/dD UMM "ON) % ‘YSH 81N|0sqy

(M) yrig re vo

NIH-PA Author Manuscript

syu1qg aAl] 605779/ ‘T Buowre yuiq 1e abe [euonelsab o1 Buipioade Asjed [eiqalad 1oy so1el SpPO

Il a1geL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dev Med Child Neurol. Author manuscript; available in PMC 2015 August 01.



Page 14

TRONNES et al.

*19PJ0SIP BUO UeY) 310w pey satoueubiaid awos

p

"yuiq 40 Jeak pue s10)aey d1ydelBowspoldos o) paisn ._u<o

/86T 21048q BIEp BUISSIW JO asnedaq (8/T'0/. = U) T00Z—-/86T ‘HOL0I-GNS © Ul pasAjeuy

q

"Yuiq Jo Jeak pue ‘(abe jeulsrew pue ‘snyels JuedBiwiwi ‘xas ‘uoneanpa |euased ‘yuiq e Jaylow a)buls) sio1oe) alydesBowapoldos ‘siaplosip Aoueubaid |fe oy vmuw:_ud\m

"31qesAJeue Jou ‘— ‘Asjed |eigalad ‘dD

oCrS2A2e | (rer'ozos)vo | oOC6ADTE | (1zgoouze) g0 | o9TBDCT | (ogszesssz) g0 | o@TBOOT | (gezgiove) ' KoueuBaid BEw_uMﬂLM”ﬁ
JapJosip
(oouasegar) 0T | (09T'602/092) TO | (sdudsayan) 0T | (L22'62'T/8L2T) TO | (sdudseyal) 0T | (9T6'6%/96T) ¥'0 | (souaspgan) 0T | (08E'€/E6T) L'S AKoueuBaid papiodal ON
(9-T€) G¥ (6861/1€) 9°0 (L9-6v) LS (559'0€/102) L'0 (9e-8T1)9C (€TL'2I0V) ST (0z-60)€T (e8v/ee) 89 uonewIofew [eyuabuod
- (8TY/0) 0'0 (0v-80)8T (695€/9) 2'0 (re-90) ¥'T (865/9) 0'T (92-80) T (69T/¥T) €8 qUONEZIUOD [EJINIBD
(rz-50 21 (e8t¥/2) 20 (61217 6T (L62'ze/€9) 20 (e1-20)2T (eeL'vree) L0 '1-80)T'T (09'T/€8) T'9 Buipaajq paiytoadsun
(6'€2-50) €€ (6ST/1) 9°0 (Sv-60)0C (¥86T/L) ¥'0 (5z-20)€T (e0€'1/6) L0 (ez-80)¥'T (0Te/91) 9°2 elnaid ejuadeld
(56-50) LT (e59/€) G0 (8T-0T)¥'T (9zT'v2/S8) 2°0 (e'1-80)0T (806'2T/¥L) 9°0 (T'1-20)60 (T20'2/90T) T'S symiq ajdnniA
(Le—CcT)TC (eLov/ET) €0 (6T-2T)ST (68'2€1LL) 20 (e'1-20)60 (09€'2/L¥) 9°0 (6'0-%'0) 90 (L6T'T/LE) T'E elsduwie|os-aid
(6v—ca)ee (vzes/6e) 90 (re-v2)8e (90T'2€/95T) ¥'0 (Ts-0¢)6¢ (600'7/62) 02 L1-20)TT (8vv/e2) T'S uonoLsal Yol autisinenu
saueiquisw
(96-10) 80 (oTTT/T) TO (6190 1T (SLv'0T/eT) T'0 (20161 (2€2'c/62) 6'0 (S1-80)T'T (688/6S) 99 Jo aimdni pabuojoud
(s6-z0) €T (¥ss/m) 2o (95€71) L2 (Ltvei) €0 (99-zeo)8e (Leum) te (ez-zm) L7 (L6vISY) T'6 snIuoluWeoLIoyD
(8'02-0'v) 2’6 (Sev/9) v'T (06-9v) ¥'9 (891¥/.£) 60 (9e-2T)GC (8TY'2Ive) ¥'1 (81-60) €T (STL/29) €L uondn.qe [e)usdeld
(A1oBares
(10 %56) o_/mmou@ﬂw, ,._ﬁ_uzv (12 %56) ul .ozﬁ%ﬂ%@ “ON) (12 %56) ee.ﬂ“c\s&%_a\n_o (12 %56) :w_“;ow_@ws
2O PaISNIDY | o4 yigpy oynjosqy | w0 Pasnipy 0 S 8IN[0SqY edO PaIsNIPY | o4 yispy onjosqy | @dO PESNIPY [ 61y ynjosqy a|qeen
(T65'622=U) SX30M EV—2¥ (865'zv'T=U) SX9am Ty—L€ (202'z8=U) s>j9am 9e—c€ (8196 =U) sxj9am Te-€¢

Y 1e abe [euoneiss

NIH-PA Author Manuscript

SYMIQ aAl] 60G' 792 ‘T Buowre yuig 1e abe [euoneisab pue siepiosip Aoueubaid yim Asjed 8102199 Jo Msiy

lraiqeL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2015 August 01.

3

Dev Med Child Neurol. Author manuscript



