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ABSTRACT

BACKGROUND
Several studies have shown that male gender is a risk factor for cerebral palsy (CP). The male brain seems to be more vulnerable to white matter injuries and intraventricular hemorrhage and males born preterm are more vulnerable than females. A higher risk for CP in boys than girls with an abnormal intrauterine size has also been reported. Intriguingly an equalization of the CP incidence by biological sex during the last years has been reported.

METHODS
The purpose was to describe gender difference in a geographically defined total population of 590 children with CP, related to the subtype and motor ability according to the gross motor function and manual ability classification systems (GMFCS and MACS), and compare CP incidence trends in girls and boys during the period 1990-2005.  

RESULTS
There was a male predominance in all levels of GMFCS except GMFCS II, in all levels of MACS and in all CP-subtypes except ataxic CP. The distribution of manual ability levels showed no difference between girls and boys. The difference in the gender distribution related to CP subtypes and GMFCS levels did not reach statistical significance on the 5 % level (p=0.087 and 0.085). The CP incidence trends in boys compared to in girls showed no significant change during the period 1990- 2005. 

CONCLUSION
Male sex is a previously described risk factor for CP, and in this total population we could not detect any equalization in incidence of CP between girls and boys during recent yerasyears. We could not confirm any consistent sex difference in the severity of disability in the total CP-population, measured as GMFCS and MACS levels. However, gender specific analyses are necessary in CP-epidemiological studies to contribute to the understanding of etiopathogenetic factors. Large populations, identification of children with autosomal genetic CP etiology (syndromes), and stratification also by gestational age, birth-weight, and MRI findings is probably necessary. 


INTRODUCTION

Male sex is a risk factor for cerebral palsy (CP), with male to female ratios in prevalence around 1.4:1 (8, 9, Yeargin-Allsopp 2002). Little is known about causes underlying the male excess. Although sex hormones can influence early brain development, this mechanism appears to have more influence on outcome from brain injuries in adults, than in the fetuses and neonates (Lang et al 2008). Intriguing evidence is emerging, that biological sex per se may influence the causation cascades behind injuries to the immature brain. Differences in specific sex-dependent mechanisms causing brain cell necrosis and/or apoptosis are shown, likely important in designing neuro-protective therapies. Certain drugs are already shown to mainly protect males (indomethacin, dextromethorphan) and other mainly females (erythropoietin, caspase inhibitors). (Johnston 2005, J+Hohnston + Hagberg 2007, J comment DMCN 2009 ). 	Comment by Gunnar Hägglund: Lena – kan du skriva denna ref?	Comment by Gunnar Hägglund: Lena – vilken ref?

Adverse effects of preterm birth, intraventricular hemaorrhage (IVH) or asphyxia on the developing brain seem to be strongly influenced also by sex-specific differences in normal brain development. A pattern of vulnerability to selective brain areas during different time windows is shown, and may differ between girls and boys. The male brain seems to be more vulnerable to white matter injures and intraventricular hemorrhage and males born very preterm are more vulnerable than females. Females seem to be more vulnerable to the exitotoxic cascades induced by asphyxia at term gestation (1,2, Johnston 2005).	Comment by Lena Westbom: Referenser till hela stycket

Epidemiological studies with stratification for gender, in line with these preliminary findings have shown differences related to CP-subtypes. Spastic CP is more common in boys. The preterm boys outnumber girls and male CP is more often the spastic type. At term birth, more girls are affected and their CP is more often of the dyskinetic type (9,12). In a previous study from our total population, gross motor function classification (GMFCS) level I was more common in boys than girls (1.5:1), while the gender difference in more severe CP (GMFCS levels II-V) was less (1.15:1) (9). 

Analyses of sex differences and time trends in CP incidence and distribution of CP subtypes and functional ability may, in combination with known changes in the pre-, peri- and neonatal care, give clues to pathogenetic factors. Intriguingly, three recent Nordic studies for the first time report an almost equal number of boys and girls with CP in their populations (Himmelmann 2010, Sigurdardottir 2009, G Andersen 2008).  

The reports above urged us to investigate sex-specific trends in CP-prevalence and distribution of subtypes and functional abilities in the total population of children in southern Sweden (Skåne and Blekinge counties) to describe gender-specific epidemiological trends in our region, in a search for any clues useful for further primary prevention. The purpose of this study was to analyse the gender difference in a total population, related to the CP subtype, GMFCS and manual ability classification system, (MACS) levels and trends in CP prevalence (“crude incidence”) according to year of birth during the period 1990-2005.  


PARTICIPANTS AND METHODS

The study included all children and adolescents with CP born 1990-2005 living in the regions Skåne and Blekinge from  1 Jan 1992 to 1 Jan. 2011. These regions in southern Sweden have about 1.3 million inhabitants. Children born abroad and children with postneonatal CP were excluded. In the total child population a systematic search to find all children with CP was performed in 1998, 2002, 2006 and every year as from 2008. The prevalence of CP at 4-11 years of age was 2.4/1,000 (95% CI 2.1–2.6) in 2002, excluding post-neonatal aetiology and children born abroad (Westbom et al. 2007). 

CP was defined according to the criteria described by Mutch et al 1992, in which children who die before two years of age are excluded (Mutch 1992). The CP-subtypes were classified by a neuropediatrician at 4-7 years of age, according to dominant neurological sign, into spastic unilateral and bilateral CP (USCP and BSCP), dyskinetic CP, ataxic CP and a non-classifiable category (SCPE 2000). 

The gross motor function was determined by the child’s physiotherapist according to the gross motor function classification system (GMFCS). This system has its focus on self-initiated movements, in particular sitting and walking. It is a five level system in which level one represents the least limitation and level five the most (Palisano 1997). 

The hand function was classified by the child’s occupational therapist according to the Manual Ability Classification System (MACS). Like the GMFCS, the MACS is a five level system where level one represents the best manual ability and level five the worst, in which the child has not  any active hand function (Eliasson et al 2006). The latest GMFCS and MACS levels classified before 1 Jan 2011 were used. 

In the statistical analysis differences in the distribution of GMFCS and MACS levels were tested using the Chi square test and differences in CP-subtypes was tested using Fisher's exact test. The latter was applied due to the low number of children in some subtype groups. A crude incidence of CP during the birth period from 1990 to 2005 was calculated using data collected from the official Statistics Sweden (ref: Statistics Sweden) on the total number of children born in Skåne and Blekinge each year. The estimate of the incidence was crude in the sense that children who moved in to the study region born in other parts of Sweden were included, and that children born in the study area who moved out, before participation in the follow up, were assumed to equal the number of children, who moved in.	Comment by Lena Westbom: Inte enl Table 3 – KOLLA PHILIPPE!	Comment by Lena Westbom: Min omformulering, synpunkter?

The development of the observed incidence for boys and girls respectively was plotted in a graph together with a trend estimated using fractional polynomials in STATA 12 (ref). In order to analyse the shape of the trend two statistical models were constructed based on Poisson regression analysis. One modelled the incidence time trend as linear and the other as a second degree polynomial. For the purpose of determining which model described data the best a likelihood ratio test was used. NÅGOT om 95% CI in här (om det är det som menas längre ner?	Comment by Lena Westbom: Lägg in i metod- om följande: PW: Jag har också räknat om incidensgrafen, samt testat om trenden verkligen är "krökt" i motsats till "rak" stigande/avtagande. Vi fick P=0.0127 till fördel för en "krökt" kurva.


Ethics


RESULTS
There were 590 children, 248 girls (42%) and 342 boys (58%) who met the inclusion criteria. 

The gender distribution related to GMFCS-level showed a male predominance in all levels except GMFCS level II where 59 of 110 children were girls (54%).The proportion of girls in the different levels were 39% in GMFCS I, 35% in GMFCS III, 43% in GMFCS IV and 40% in GMFCS V. The difference in the distribution of GMFCS levels among girls and boys did not reach statistical significance on the five percent level (p=0.085) (Table 1). . 

The gender distribution related to MACS-level showed male predominance in all levels. The proportion of girls was 41% in MACS I, 37% in MACS II, 44% in MACS III, 41% in MACS IV and 42% an MACS V, i.e. almost the same distribution as in overall CP (42/58) in both sexes (p=0,96) (Table 2). 

The gender distribution related to CP subtypes showed male dominance in all types except for ataxic CP, where 36 of 62 children were girls (58%). The proportion of girls was 41% for children with unilateral spastic CP, 40% in bilateral spastic CP and 37% in children with dyskinetic CP. The difference in the distribution of CP subtypes among girls and boys did not reach statistical significance on the five percent level (p=0.087) (Table 3).

The distribution of CP subtypes in relation to GMFCS level in each gender is presented as number of children in each column in Figure 1. 	Comment by Lena Westbom: Föreslår att detta ändå är med som en rent deskriptiv figur som säger något om materialet även om det inte går att räkna statistik pga små siffror.. Man kan förstås rotera bilden också och få GMFCS fördelning per subtyp

Så här skrev PW: Jag tittade även vidare på hur gmfcs-nivåerna var fördelade inom subdiagnoserna och här verkade det finnas en skillnad mellan könen. Dock så har vi nog inte tillräckligt med barn i studien för att säkerställa en sådan skillnad. Lite synd för jag tyckte att det verkade intressant, men efter en hel del arbete så hittar jag inget sätt att analysera detta som ger oss tillräcklig precision.
	Comment by Lena Westbom: 

Figure 1. Distribution of CP types and gross motor function classification (GMFCS) levels among girls (n=245) and boys (n=337) in the study population born 1990-2005. Number of children on the y-axis. GMFCS levels were missing for 8 children.


The analysis of CP incidence trends in boys and girls related to year of birth during the period 1990- 2005 showed a continuous predominance of boys (Figure 1 ), having a 30% (95% confidence interval 11 – 53%), p=0.002, higher incidence. The recorded incidence was lower at the beginning and end of the measurement period (p=0.0127), discussed below, but the relationship between boys and girls was constant throughout the period. 	Comment by Lena Westbom: ANTAR att det är 95% CI.


DISCUSSION

Thise study was based on a total population of children with CP in a defined geographical area, born during 16 consecutive years, using reliable and valid classifications (Ref. GMFCS, MACS och alldeles nya referensen om SCPE subtyper 2012). We have found no previous study of a total CP population stratified according to gender to compare the present distribution of functional ability classification levels and CP subtypes. The youngest birth year cohort was five years of age the day data were collected (1 Jan 2011). All included children were fulfilling the criteria for a CP diagnosis. The vast majority of the children were participating in the CP follow up health care program ”CPUP” initiated in this area in 1994 (ref).The CP diagnosis and subtypes were known for all children with CP in the area, due to the regular inventories, and GMFCS levels were known in 99% (9). MACS was not used for the first birth year cohorts, and the MACS levels were known for 82 % of the studied children. 	Comment by Gunnar Hägglund: Lena – var finns den?

The two terms “sex” and “gender” are used interchangeably in this paper meaning biological sex. We have found no previous study of a total CP population stratified according to gender to compare the present distribution of functional ability classification levels and CP subtypes with. 	Comment by Lena Westbom:  Har sökt ganska mycket – men kanske bör någon leta mer….Alla studier handlar om delar av CP panoramat – eller bara term eller bara pretermm och inte så mkt känsuppdelat… 

Föreslår att vi lägger stycke med limitations här. (Vi kan ha typ-2 fel, men…motsv Philippes kommentar längst ned före  Conclusion. Lena kan vi flytta upp något av det gråmarkerade?

In our study, tThe overall severity of CP, according to the distribution between gross motor function levels in girls and boys (Table 1) seems to differ (p = 0.085), but with no clear disadvantage for any of the sexes. The manual ability, as classified according to MACS (Table 2), seemed to be equally distributed in the two sexes. There were no statistically significant difference in subtype distribution relative the overall male to female proportions in the studied CP population (p=0.087), but in ataxic CP girls outnumbered boys (Table 3). 

The dominating neurological symptom and which limbs are most involved, i.e. the CP type, is largely dependent on the morphological brain maldevelopment, which in turn is influenced by the timing of the insult (Krägeloh-Mann xxxx). To learn more about gender differences in susceptibility to injury it would have been interesting to include timing of brain insult according to magnetic resonance imaging, and gestational age at birth, in the analysis of this study. Information regarding these matters was however not available. 

Early brain damage is reported to be more severe in boys than in girls, with a higher mortality in boys (REF!). Ideally, in studies like this, the sex specific mortality in fetuses and infants below two years of age with non-progressive brain dysfunction should be taken into account. , to get a clearer picture. 

The most important aim of this study was to compare CP incidence in boys and girls, which guided the study design. If we had wanted to describe trends in CP incidence, all birth-years cohorts should have to be studied at the same age. The apparently lower total CP incidence in the beginning and the end of the study period evident in Ffigure 2, is influenced by the identification of CP cases at different years of age. We have shown that inventories at age 8-11 years will identify children with CP, who are missed during inventories at 4-7 years of age (9). We also know that CP in children born in the early nineties, who died between two and four years of age, were not identified (Nordmark 2001). Together these facts more probably explain much of the shape of the trend line in Figure 2. A high occurrence of premature births due to in vitro fertilization with multiple embryos in the early-mid nineties may also contribute the shape of the trend curve. Anyhow, these factors apply equally to boys and girls. 	Comment by Lena Westbom: KOLLA texten..

During the study period 30 of the children (17 boys and 13 girls) included in this study, died (Westbom 2011). Only children who did not survive their second birthday were excluded, according to the diagnostic criteria for CP.   	Comment by Gunnar Hägglund: Till Results?
 
The trend analysis showed a male preponderance during the whole study period, although there were more girls than boys in a few birth-year groups. The overall male preponderance in CP incidence is in agreement with earlier reports. In the collaborative network of CP-registers and surveys in Europe (SCPE) a summary of prevalence of CP from 13 populations in Europe from 1980-1990 found a male/female ratio of 1.33 (95% CI 1.19-1.58). 	Comment by Lena Westbom: ?

We could not show any decreasing or absent male predominance during recent years, as reported in other Nordic studies (ref Guro Andersen, Himmelmann, Sigurdardottir). Himmelmann et al (ref) in a cohort of children born 1999-2002 in western Sweden found 88 boys and 89 girls, which is equalization from previous cohorts with male dominance from the same area. The change was explained by an increase in children born term where 56% of the children were girls. Siguardardottir et al (ref) found 74 (53%) girls among 139 children with CP on Island during the birth year period 1990-2003, with similar proportion in the early and late period analysed. 	Comment by Lena Westbom: Lägg till om Norska studien + kommentera statistiska säkerheten i deras studier – hur säkra är deras slutsatser? (SMÅ populationer)

Limitations i vår studie… Typ 2 fel? Här kunde vi ha slagit ihop USCP+BSCP och fått signifikans, men eftersom det är olika etiologiska mekanismer för hemiplegi o diplegi så är det fel i denna artikel tycker jag./ LW.	Comment by Lena Westbom: Lägg till om detta i vår studie


One modelled the incidence time trend as linear and the other as a second degree polynomial. For the purpose of determining which model described data the best a likelihood ratio test was used. 	Comment by Lena Westbom: Behöver detta diskuteras Philippe?

Jmf tidigare studier – utgått fr 50/50 eller 42/58?

Det finns flera artiklar som visat signifikant fler pojkar än flickor med spastisk CP. Vi har det i vår senaste epidemiologiartikel. Man har då jämfört i relation till jämn könsfördelning (50/50), inte i förhållande till könsfördelningen i totalpopulationen barn med CP (58/42). Att det blir signifikant beror väl till viss del också på att det är de stora subtyperna med fler personer att räkna på. Låter det rätt – kan vi skriva det? Det betyder mao att det är signifikant fler pojkar än flickor med spastisk CP , men skillnaden är inte säkert signifikant i relation till könsfördelningen i totalpopulationen barn med CP.
PW: Om vi tittar på tabellen längst ned, där vi slår ihop spastiker till en grupp, så har vi också en signifikant skillnad i fördelningen av subtyper. Fler pojkar i spastikergruppen	Comment by Lena Westbom: Se ovan, jag tycker vi ska hålla kvar vid uppdeln BSCP o USCP


PW: Jag tror att denna slutsatsen är något för definitiv. Vi har ju egentligen inte visat att kön inte har betydelse. Det kan ju fortfarande finnas en skillnad, vi kanske bara inte kan detektera den pga för litet material. Vi har ju några resultat som närmar sig signifikanta. Jag hade föreslagit att man mildrar detta något och kanske skriver att vi inte kan se några signifikanta skillnader, vilket vi möjligen hade förväntat oss om det var tydliga skillnader och på så här stort material? 	Comment by Gunnar Hägglund: Bra!

CONCLUSION

Further investigation is needed in the field of the combination of gender with other factors like gestational  age , infections or other pre- and  perineonatal  diseases.

· Skissa studie på hela landet tillsammans med Kate H och Socialstyrelsen? (med användande  av MFR och dödsorsaksregistret samt MRT mm ur CPUP nationellt…  
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	Table 1
	
	
	
	
	
	

	           |                         GMFCS
	
	
	

	    Gender |         1          2          3          4          5 |     Total
	

	-----------+-------------------------------------------------------+----------
	

	    Female |       100         59         18         35         33 |       245 
	

	      Male |       157         51         33         47         49 |       337 
	

	-----------+-------------------------------------------------------+----------
	

	     Total |       257        110         51         82         82 |       582 
	

	
	
	
	
	
	
	

	          Pearson chi2(4) =   8.1750   Pr = 0.085
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Table 2
	
	
	
	
	
	

	           |                          MACS
	
	
	

	    Gender |         1          2          3          4          5 |     Total
	

	-----------+-------------------------------------------------------+----------
	

	    Female |        77         37         29         24         30 |       197 
	

	      Male |       109         63         37         35         41 |       285 
	

	-----------+-------------------------------------------------------+----------
	

	     Total |       186        100         66         59         71 |       482 
	

	
	
	
	
	
	
	

	          Pearson chi2(4) =   0.9556   Pr = 0.916
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Table 3
	
	
	
	
	
	

	           |                       SCPE_type
	
	
	

	    Gender |    Ataxic       BSCP  Dyskineti      Mixed       USCP |     Total

	-----------+-------------------------------------------------------+----------
	

	    Female |        36        100         36          5         71 |       248 
	

	      Male |        26        148         61          5        102 |       342 
	

	-----------+-------------------------------------------------------+----------
	

	     Total |        62        248         97         10        173 |       590 
	

	
	
	
	
	
	
	

	          Pearson chi2(4) =   8.1316   Pr = 0.087	Comment by Lena Westbom: Varför inte Fisher här? (lågt antal mixed)
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	

	
	

	
	
	

	
	

	
	
	

	
	
	

	
	
	

	
	
	
	
	
	
	

	
	
	
	



Figur 1



Figur2

Philippes nya figur från 120620









Gunnars tanke om att jämföra fördelningen pojkar/flickor inom resp ”sub-klassifikation” med barnbefolkningens fördelning mellan pojkar och flickor blir så här; I befolkningen 51/49 %  och i totala CP-populatonen 60/40 % . 
[bookmark: graphic04][bookmark: graphic05][bookmark: graphic06] 
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