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ABSTRACT

Genetic and non-shared environmental factors (factors experienced by one

child to the exclusion ofhis siblings) have been strongly implicated in the

aetiology ofAttention Deficit Hyperactivity Disorder (ADHD). Shared

envitonmental factors were not implicated. Pregnancy, labour/delivery and

neonatal complications (PLDNC) were often associated to ADHD. However, no

investigations aimed at delineating thesharedlnon-shared nature ofthese factors

were reported. In order to identify PLDNC which are more likelyto be non­

shared, we recruited 65 .children with ADHD and assessed their history for

PLDNC. 45 of them had non-affected siblings that were also assessed for

PLDNC.Compared to their non-affected siblings, ADHD children had

significantly higher neonatal complications CP = 0.01). Furthermore, neonatal

complicationswere associated with higher motor activity (p = 0.04) and attention

deficits(p=0.03) in ADHDdiagnosedchildren, suggesting that neonatal

complications are more likely to be non-shared environmental factors of

etiological relevance to ADHp.
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RESUMÉ

Des façteurs génétiques et environnementaux sont impliqués dans le

Trouble de l'Attention-Hyperactivité (TARA). Seuls les facteurs

.environnementaux non-partagés (touchant un membre à l'exclusion des.autres

dans une famille), contrairement aux facteu.rs partagés, seraient incriminés dans le

TARA. En tant que facteurs environnementaux, les complications survenant

durant la grossesse, le travail,1'accouçhement, et la période néonatale (CGTAN)

seraient associés auTARA,néanrnoinsaucune précision de leur caractère partagé

ou non n'est reportée.

Dans le but dereconnaître parmi ces fact<~urs ceux qui sont non-partagés,

l'histoire des CGTAN chez 65 enfants atteints de TARA et 45 membres de leur

fratrie saine ont été comparés. Les résultats montrent que les enfants atteints de

TAHAont significativement plus de c011lplicationsnéonatales (p = 0.01). Ces

complications sont associées à un niveau plus élevé d'hyperactivité (p = 0.04). et

d.'inattention (p = 0.03), suggérant non seulement l'association de ces facteurs au

TAHA mais probablement leur caractère non-partagé, et donc potentiellement

étiologique.
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INTRODUCTION

Attention Deficit Hyperactivity Disorder (ADHD) is an early-onset,

clinically complex disorder characterised by inattention, hyperactivity, and

impulsivity. The prevalence of ADHD among school..aged children from varying

cultural and socio-economic backgrounds approxÎ111ates 5 to10 % (Swanson et al.,

2000;Paule et al., 2000). ADHD is a disabling disorder associated with impaired

cognitive functioning and poor school performance and often leading to poor

social skills and dysfunctional familial relationships. Follow-up studies showed

that approximately one-third of children with ADHD retain this diagnosis when

they become adults. In addition, a substantial proportion of children with ADHD

(up to 25%) develop antisocial personality disorder and/or a substance

abuse/dependence disorders later in life (Gittelman et al., 1985;Swanson et al.,

1998).

Although the exact factors implicated in the aetiology of ADHD are not

known, the most satisfactory model of pathogenesis for this complex disorder

incriminates a combination of genetic and environmental factors.

It is now overwhelmingly established thatADHD have a high genetic

componentimplicated inits aetiology, as shown by family (Faraone et al.,

1994;Hechtman, 1996;Samuel et al., 1999), twin (Eaves et al., 1997;Goodman

and Stevenson, 1989;Levy et al., 1997;Nadder et al., 1998;Sherman et al.,

1997b;Sherman et al., 1997a;Stevenson, 1992) and adoption (Cadoret and

Stewart, 1991) studies.
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In particular, twin studiesshowed that ADHD heritability (the proportion of

the totalphenotypic varianceexplained by additive genetic factors) is very high,

ranging from 75 to 90%. In addition, these studies indicate that the rest of the

varianc.e in the ADHD phenotype (10-25%) is accounted for mostly by non­

shar<;:d enviromnental factors (factors experienced by one member ofthe family to

the exclusion ofhis siblings). In contrary, shared environmental factors (factors

shared by aU the individuals in the same family) did not seem to be involved in

increa$ing the riskfor ADHD (McGuffin and Martin, 1999;Levyetal., 1997).

Case/control epidemiological studiesindicate that pregnancy,

labour/delivery and neonatal complications (referred to hereafter asPLDNC),

increasethe risk for ADHD. (Astbury et al., 1987;Milberger et al., 19971). It is

believed that such early trauma/stressors on the foetal brain during crucial periods

of development may have long-lasting effects on cognition and behaviours

(McGrath et al., 2000).

To our knowledge, aU studies investigating PLDNC in ADHD used

case/control designs comparing childrenwith ADHD to normal, unrelated

controlswith regard to their individual history ofPLDNC. In addition to the

classicallimitations .of cas<;:/control risk studies (Clayton and McKeigue, 2001),

such experimental designs are not able to distinguish between the shared and non­

shared enviromnental factors. It is therefore important to design a study that can

distinguish, atleast in part, between these two types of factors.
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In this study we aim at identifying, among PLDNC, those who are potentially

non-shared environmental factors byusing an intra-familial case/control design.

More specifically, our hypothesesand objectives will be:

1. Sorne ofthePLDNC, often reported to be associated with ADHD, may

represent shared environmental factors with little or no effect in increasing the

risk for this disorder. Incontrast, sorne other PLDNC may represent non­

shared environmental factors with a potential role in increasing the risk for

ADHD. In order to identify these non-shared PLDNC factors, we will

compare children with ADHD to their non-affected siblings with regard to

PLDNC. We expect that non-shared PLDNC will be more frequent in ADHD

children compared to their non-affected siblings.

2. We hypothesise that ifnon-shared PLDNC (identified in question 1) play a

potential role in increasing the risk for ADHD (causal relationship), they will

be. correlated to the severity of ADHD symptoms. To test this hypothesis, we

will study the relationship between non-shared PLDNC and the severity of the

symptoms (evaluated by laboratory measurements) in children diagnosed with

ADHD.
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BACKGROUND

Risk studies in ADHD have focused on obstetrical, perinatal

complications and postnatal trauma as possible predictorsofthe development of

ADHD. It is believed that such adverse events experienced in the early stages of

development may affect the foetal btain and results in long lasting behavioural

and cognitive effects (McGrath et al., 2000).

In. accordance with thestatedobjectives of this work, the present review of

the relevant literature will focus mainly on the most frequently reported

environmental factors associated withADHD during the pregnancy, labour,

delivery and neonatal periods of development.

PREGNANCYCOMPLICATIONS

A numberof studies have linked pregnancy complications or conditions

withthe development of ADHD (Mclntosh et al., .1995). Although a myriad of

factors during this developmentalperiod were incriminated, only a minority of

them were subjected to particular scrutiny and em.erged as having a specifical1y

importantroie. Of these, maternaI smoking andalcoholexposure received an

important interest.

MaternaI smoking:

Several studies have found evidence of increasedrates of ADHD in

children of mothers who smokedduring pregnancy. Denson etal.(Denson etaI.,

1975) found that mothers ofhyperkinetic children smoked significantly more than
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mothers of a group control. In a much larger study, including 2256 children,

Weitzman (Weitzman et al., 1992) found that maternaI smoking was

independently associated to many childhood behavior problems including

hyperactivity. Fergussonet al. (Fergusson et al., 1993) conducted a 15-year

prospective study on 1265 children, examining the relationship between maternaI

smoking and several childhood behaviours, including attention deficit disorder

(ADD). In this study, several confounding variables such as gender, maternaI

age, socio-economic status (SES) and parental discord were considered and their

effects statistically controlled for. Smoking in excess of 20 cigarettes perday

during, but not after, pregnancy was independently associated with higher

behavioural problems reported by both teachers and mothers. MaternaI smoking

during pregnancy was associated with a significant, albeit smaIl, increase in the

frequency of aIl disruptive disorders including ADD.

Milberger et al. examined the association between maternaI smoking and

the development ofADBD in numerous related studies. Thefirst study

(Milberger et al., 1996) included 140 boys with ADHD who were comparedto

120 controls with regard to maternaI history of smoking during pregnancy. They

reported that 22% of ADHD children compared to 8% of controls had a maternaI

history of smoking duringpregnancy. Bowever, this result is difficult to interpret

because the prevalence ofwomen smoking in the appropriate.general population

was comparable the prevalence of smoking in the female general population

(27%). Subsequently, these same authors showed that PLDNC were associated

with sorne phenomenological aspects of ADHD (i.e. impaired cognitive
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functioning and poor school performance). They also suggested that only

complications that reflect chronic exposure, such as smoking, maternaI bleeding,

family problems, and illicit drug use during pregnancy accounted for these

findings(Milberger et al., 1997e).

More recently, this group ofinvestigators explored the role ofmaternaI

smoking during pregnancy in ADHD by comparing history ofmatem.al smoking

during pregnancy of 174 high-risk non-affected siblings ofADHD children and

129 siblings of non-ADHD controls. Fifteen (47%) of the high-risk siblings had a

history of maternaI smoking during pregnancy compared with 33 (24%) of the

siblings witbout ADHD (p = 0.009). They also reported that maternaI smoking

was associated with lower IQ in the highrisk children (Milberger et al., 1998).

The authors concluded that these results extend the previous findings of an

association between maternaI smoking during pregnancy and ADHD. In fact,

other studies of this same group point to a more complex relationship between

ADHD and smoking during pregnancy (Milberger et al., 1997c) (Milberger et al.,

1997b;Milberger et al., 1997d;Milberger et al., 1997a). Indeed in three different

other studies, Milberger et al. reported that ADHD is a predictorof smoking at

follow-up into mid-adolescence, and that it is associated with early onset of

smoking in children with ADHD. In addition, non-affected siblings ofADHD

children showed the same profileofhigh risk for smoking at an early age.

Togetber, these associations may suggest acommon familial factor, possibly

genetic in nature, that predisposes to smoking (including during pregl1ancy) and

ADHD.
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Recent studies do not replicate the association between ADHD and maternaI

smoking, and·suggest that substance abuse may be a familial trait in relatives of

children with ADHD. In a longitudinal study including 150 adolescents, Hill et

al. (Hill et al., 2000) studiedthree main risk factors (family history of alcoholism,

child's exposure to prenatal alcohol and cigarettes) on the.development of

alcoholism as well as other behavioural problems including ADHD. Analyses

controlled for each of the risk factors, SES and family history of antisocial

personality disorder, when cakulating risk of developing psychiatrie disorders.

ADHD was predicted by family history of alcoholism, but not by exposure to

prenatal cigarettes or alcohol consumption.

Maternai Alcohol consumption:

MaternaI Alcohol consumption has also been suggested as a risk factor in

ADHD. Indeed ADHD is often diagnosed in children with foetal alcohol

syndrome or foetal alcohol effect (FAS/FAE) and in children of alcoholics.

Nanson et al, (Nanson and Hiscock, 1990) compared twenty children with

FAS/FAE to 20 children diagnosed with attention deficit disorder (ADD) and 20

normal controls. They indicated that although the children with FAS/FAE are

significantly more impaired intellectually, their attention deficits and behavioural

problems are similar to those of children with ADD. However, these similarities

do suggest neither association, nor causality between ADHD and alcohol effect.

Brown et al, (Brown et al., 1991) reported that, children born to mothers

who had abused alcohol throughout pregnancy had more behavioural and
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attention problems than children born to mothers without alcohol consumption

during pregnancy. Therewas aclear cOrrelation betwèenthe occurrence and the

severity ofneuro-psychiatrie disorders, including attention deficit, and the degree

of alcohol exposure of thechildren while they were in"utero. Theyalso compared

the effect of alcohol exposure throughout the pregnancyto alcohol consumption

that was stopped after educationalintervention duringthe second trimester.

Interestingly, they reported thatonly children exposed throughout the pregnancy

showed the attention deficits.

Streissguth et al, (Streissguth et al., 1994) in a longitudinal prospective

study, examined theeffect of prenatal alcohol exposure on 500 children from birth

to the age of 14 years.· Prenatal·ethanol exposure was significantly associated to

attention and memory deficits in a dose-dependant fashion. This association

remained significant after corttrolling for matèrnal smoking. These dose­

dependent effects on neurobehavioral function were notlimited to attention

deficits but extended also to other disordets inc1uding leaming problems.

Aronson etal., (Aronson et aL, 1997) found that 10 of24 children born to

mothers who had abused alcohol throughoutpregnancy had ADHD. They

reporteda clear correlation between the occurrence and severity of the neuro­

psychiatric disorder and the degree of alcohol intra-uterine exposure.. Hère again,

the reported disorders were notlimited to ADHD as 3 (out of the 24) children had

autistic disorders, 6 had mental retardation and Il needed special education. Only

sevên children wereattendingregular schools withoutany type ofsupport.

18



Coles et al, (Coles et.al., 1997) sfudied 149African-American children of

low SES. Eighty-seven had FAE, 27 had AOHD without FAEand35 were

normal controls. They showed thatbothFAE and ADHD groupsperformed more

poorly than controls in inteUectual tests. However, the: ADHD childien performed

more poorlyon conventiona1 tests sensitive to attentionproblems and conduct

disorder. This study suggest that the alcohol-affected children do notdisplay the

same neurocognitive and behavioural characteristics compared to childrenwitha

pritnary diagnosis of ADHD. The.authors suggested that alcohol might not play

an importantrole in the developl11entof ADHD per se,butthatADIID and FAS

inc1ude attention deficit with distinct patterns.

The study ofHill et al (Hill et al., 2000) mentioned in the previous section

does not support the role ofmaternaI alcohol consumption in A[)HD

development, although it does suggest that family hi~tory of alcoholismincreases

the risk ofhaving ADHD.

In conclusion,· the relationship between maternaI smoking and/or alcohol

useduring pregnancy and ADHD may not be a simple one. As cautioned by

Barkley (Barkley, 1990), several factors needto be controlled for (SES, learning

disabilities, social/familial environll1ent) in order to establishthat any ofthem

representa risk factor for ADHD. Thismaybeavery difficult task in

case/control studies, since matchingfor severalfactors maybe verydifficult. The

factthat family history of smOk:ing and alcoholismmaybe relatedto higher risk

of developing ADHD further complicates theproblem. This is l11ay he so because

itis very difficult, if ataU possible, tomatchcase and controlsJor fall1ily
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histories. In addition this may il1dicate that the correlation between these two

putative risk factors and ADHD. niay he secondary to a commonunq.erlying

factor, .such aS shared genes that increase therisk for these risk behaviours and

ADHD.An intra-farnilialdesign., comparing children with ADHD to their non­

affected·siblings, will have the advantage.ofcontrolling for many of the above

mentioned confounding factors, since ail siblings share the SES, family

environment etc, and tlley also share 50% of their gel1es.

Other pregnancy related events andADHD

Numerous other factors.occurrîng during pregnancy have been reported to

be over-represented in childten with ADHD. For example, Hartsough and

Lambert (Hartsough and Lambert, 1985) compared 301 hyperactiveto 191 non­

hyperactive children and found that young maternaI age, poor maternaI pregnancy

health, eclampsia and pregnancy parity were factors predictive of subsequent

ADHD. Chandola et al (Chandola etai., 1992) comparedbirtll records of129

refem;:d hyperactivechildtento therel11aining 24,656 members orthe same

geographîcal birthcohort.Factors associated with increased referral were

maternaI age younger than 25. years at the time oftheir child's birth and.socîal

class. In one of the Milbergerstudies that we. mentioned earlier (Milberger et al.,

1997e), family problems, maternaI bleeding and maternaI accidents during

pregnancy had.~ positive associationwiththe.development of ADHD.
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LABOUR AND DELHŒRY COMPLICATIONS

Hartsoughalld Lambert, (Hartsough and Lambert, 1985) showed that foetal

distress during birth or delivery (nonspecific distress, head or other birth injuries)

was reportedby 17% of mothers ofhyperactive children, compared to 8% of

control mothers;

NEONATAL COMPLICATIONS

Because ofthe development the techniques ofcaring for new-boms with

very prematurebirth, concemsabout the future cognitive a.nd behavioural

development of children with low birth weight (LBW) were .ra.ised and subjected

toscientific scrutiny.

Breslau et a1.1996. (13reslau et aL, 1996) examined the association between

LBW« or= 2,500 g) and attention deficit hyperactivity disorder(ADHD) in a

total of 823 children, 473 with LBW and 350with Normal BirthWeight (NBW).

LBW wasassociated with ADHD, and most strongly in the urban than in the

suburbanpopulation. Data from teachers' ratings revealed an associationbetween

LBW and attention problems.

In a study by Botting et al (Botting et aL, 1997), one hundred and thirty­

seven very LBW (VLBW) childrell were compared at 12 years with a sample of

matched peers(n 148)ona number ofpsychiatric symptoms including

Attention Deficit/HyperactivityDisorder. The main psychiatrie outcome in the

populationofVLBW wasAttention Deficit Hyperactivitydisorders, with 23% of

21



VLBW chi1dren meeting clinica1 criteria, compared to 6% ofcontro1s. More than

one quarter of VLBW children (28%). showed. a psychiatrie disorder of sorne type

compared to only 9% of peers.

Similarly,Szatrnari et al. (Szatmari et al., 1990) investigated acohort of

children weighing at birth between 500 to 1000g at five years of age.. In 82 of 90

survivors, they fOllndthat LBW chi1dren were much more like1y to experience

deve10pmental delay andproblems withmotor co-ordination. In particlllar, 16 %

of the LBW children had an ADHD, compared to 6.9 per cent of controls.

However, it is noteworthy that these findings may be due to failing to take into

account the effects of a third yariab1e as controlling for the effects of

neurodevelopmentprob1erns collapsedthis association betwéen LBW and ADHD

to statistical non-sigrtificance.

Although sorne other studies are supportive of this risk relationship (Leyy et

al., 1992), not aU srudies were able to replicate these findings. For example,

Hartsought and Lambert (Hartsough and Lambert, 1Q85) foundno significant

difference between ADHD children and normal controls with regard to premarure

birthor LBW. Consistent with this finding, Milberger et aL (Milberger et al.,

1997e) reportedthat LBW was associated only with lower IQscores but notwith

ADHD. O'Callaghanet al. (O'Callaghan and Harvey, 1997) followed

prospectively eighty-seven (70%) of 125 LBW children until they reached

between 4 to 6 years of age. There wasno evidence to suggest an association

between ADHDand perinatal adversity in LBW children.

22



In conclusion, studies of the effects of LBW on cognition and behaviours

have rObustly and consistently establishedan association between LBW and

intelligence level and leaming abilities. However the effeet of LBW on attention

and motor behaviour remain a subjeet of eontroversy (MeGrath et al., 2000)

(Hack and Breslau, 1986). LBW isalsooften associated with many other risk

faetorsmaking it a difficult factor to examine. and identify its specifie effects as

opposed to theeffects of the co-morbid conditions that are often associated to

LBW. Apart from LBW and prematurebirth, no other neonatal abnormal

conditions were reported to beassociated with ADHD.

PATHOGENESIS

Biological factors implicated in ADHD

The most compelling neurochemical hypothesis of ADHD postulates a

dysfunction of the dopamine (DA) systemscausingdefieits in sustained attention,

over-activity and impulsiveness andunderlying most of the behayioural

abnormalities observed inADHD (Sagvolden and Sergeant, 1998). This

hypothesis is based mainly on the faet that psychostimulant drugs that inerease the

synaptie 1evel of DA are effective in treating the symptoms ofADHD. As well, it

has been found that cerebrospinal fluid concentration ofhomovanillic acid, the

main.Inetabolite ofDA, correla.te with behavioural measures of

impulsivity!hyperactivity in boysdiagnosedwith ADHD(Castellanos et al.,

1994). Neuroimagingstudiesalso supportthishypothesis.For example, Ernst et

al. (Ernst et al., 1998) used positron emission tomography to compare the integrity
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ofthe presynapticdopaminergicfunction between ADHD adults and healthy

controls. They reported decreased Dopa-decarboxylase activity and DA storage

inthe prefrontal cortex. More rec.ently, ithas been shown that patients with

ADHD show higher levels of dopamine transporter in their striatum compared to

normal controls (Krause et al., 2000).

Furthermore, animal models of ADHD suggest that abnormalities of DA

neurotransmission may .be pivotaI in the pathogenesis of ADHD or sorne of its

symptoms. Indeed, it has been shown that mice .lacking the gene encQding the

DA transporter showelevated dopaminergic tone and marked hyperactivity

(Gainetdinov and Caron, 2001). Interestingly, the hyperactivity of these animaIs

is exacerbated by exposure to a novel environment and decreased in response to

psychostimulant drugs (Fumagalli et a1., 1998). It is also interesting to note that

aU known strains of animaIs that exhibit hyperactivity such as hypertensive rats

(Carey et al., 1998) and coloboma mice (Raber et a1., 1997) have shown alteration

in theirbrain DA neurotransmission·systems.

Although the role of DA may be important in the pathogenesis ofADHD,

other catecholamine neurotransmitters have also been implicated. For example,

Hanna et al. (Hanna et al., 1996) found urinary concentration of 3,4­

dihydroxyphenylaceticacid, a norepinephrine metabolite, and epinephrine to be

significantly lower in ADHDsubjects compared tonormal.controls confirming

other reports (Ernst et a1., 1997) of abnormal metabolism of norepinephrine and

epinephrine in ADHD (Shekim et a1., 1983).
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PLDNC and brain dopamine systems: amechanistic explanation. orthe

correlation between ADHD and PLDNC.

Correlation between an enviromnental factor and a specifiçcondition ca.n

not be interpretedas a causal relationshipunless someother types of evidences

are supplemented. Sorne of the evidence may be a dose-effectrela.tionship

whereby incremental dosing .of the putative risk factor leads toincremelltal

increase of the risk or the severity of the condition under study. Another

important supplementaryinformation that maybuttress the causal rela.tionship

may be a plausible biological relationship between the putative risk factor and the

condition under investigation.

Attempts to explainthe biological effects of the PLDNC on the brain of

developing children and theirpossible impact on cognition and behaviours were

reported and vary in the extent oftheir development and explanatorypower,

depending of the specific factbr.While the cellular and molecular mechanistic

effects of sorne factors. such as smoking are being actively studied,some other

factors,. such as LBW remaill without even a rudimentary mechanistic

explanation.

Smoking was the most studied factor andtwo main mechanisms were

proposedto.explain the effects ofmatemal smoking onthe fœtu~.Foetalhypoxia

induced by carbon monoxide and the nicotine induced disturbances in the brain

dopamine systell1s(Longoet al. 1977; Fung YK 1989; Fung.andLau, 1989; Ernst

et al., 2001). Although, the exact chain of events implicatèd in this process is not
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weIl understood in hum.ans, animal models are shedding sorne light on these

biological pathways. More than20 years ago, Davis (Davis etaI., 1979) found

thatrat neonatesexposedto anoxia showed higher levels ofhyperactivity.

Similarly, Speiseret al.(Speiser et aL, 1983), exposed rats to severe .anoxia within

24 h following birth. Theserats demonstrated augmented motor activity in

ambulation, sniffitlg and rearirig activities in an open field. Activitywas

significantly increased at 10 days ofage, maximal at 20-25 days.

Another .example of the effect of perinatal adverse events on behaviour is

the study ofVaillancourt and Boksa, (Vaillancourt and Boksa, 1998) in which rats

born by caesarean section under general anaesthesia showed increase in

dopamine~mediatedbehaviours induding hyperactivity. More recently, Brake et

al. (Brake et aL, 2000) foundthat rats born by caesarean section and exposed to

intra-uterine anoxia, were hyperactive and had mesocortical dopamine activation

impairments in the leftprefrontal cortex as measured by dopamine transporter

density. AIl these studies suggest a brain dopamine dysfunction as a result of

obstetrical/neonatal hypoxic complications leading to an increase in locomotor

activity in animal models. In addition, Berger et al. (Berger et al., 2000) reported

thàt cesarean section has different effects on dopamine-mediated behaviours in

two strains of rats that differ in genetic composition. They suggest that the genetic

backgroundmay modu.latebirth complications like C~section onbrain dopamine

function in the rat.

Although these animal models strongly suggest that different insults to the

brain during specificdevelopmental windows may disturb the brain dopamine
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systems, possibly leading to increased motor .behaviour, these animal models have

major shortcomings and do not alloWadirect extrapolation to humans. In

particular, it is weU established that rodents are less sensitive to anoxia than

humans, which may indiçate that hypoxi~ duringbirth, mayhave a more profound

effect on human infants. Another issue that needs to be addressed is that the

maturity of rodent pups' brain at pirth do .. not correspond to the l11aturîty of the

human brain atbirth indicating that more research adjusting for this factQr is

needed.

Becauseofthese limitations in animal models, studies investigating the

direct mechanistie relation between PDLNC and ADHD in humans are needed.

However, beeause it is difficult to sfudy, only suggestions of putative mechanisms

were reported in the literature. For example, Lou et al. (Lou et al., 1989) studied

regional cerebral blood flow (rCBF) in 19 subjeets, six patients with pure ADHD

and 13 patients with ADHD in cornbination withother neurologieal sYll1ptoms

using xenon 133 inhalation andemission eQmputed tornography. They reported a

significant hypoperfusionin the rightstriatum in subjeets with pure ADHD. This

hypoperfusion waspartially reversible withmethylphenidate. They suggest that

dûs location of hypoperfused structures is consistent with a role for an early

hypoxie-isehemie event in their origin, and that right stiatum hypofunction is

speeific to thissubtype ofADHD.

More interestingly, sorne studies inhumans suggest that hypoxic/ischemie

brain damage and intraventricular hemorrhage, seeondary to perinatal asphyxia,

ean re~ult in neurologie and intellectuaLdysfunetion and possibly psychiatrie
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disorders. (Whitaker etaI., 1997;Lou etaI., 1979). In a very interesting study,

Low et al, (Low et al., 1992) prospectively studied 130 pretenn neonates. The

infants were evaluatedfor echosonographically demonstrable cerebrallesions

(EDCL) during the neonatal period, at 3. or 6 months. Among the pretenn children

who experienced hypotension or hypoxemia inearly hours of life, 34% showed

EDCL, which are intraventricular hemorrhage (21 %) ventriculomegaly (18%) and

hyperechoic parenchymallesions (8%). In contrast, pretenn children who did not

experience hypotension orhypoxemia displayed a significantly lower frequency

ofEDCL (13%). When hypotension and hypoxemia were both present, the chance

ofhaving EDLC surpassed 50%. However, in this studythere was no follow-up

to establish a link between brain lesions and ADHD symptoms.

Another study that is suggestive of a relationship between early

anoxia/hypoxia and ADHD was reported by Chandola et aI.(Chandola et al.,

1992). In this study, a retrospective analysis ofa series of cases found a

relationship between referral for ADHD and infants who received CardiffBag

Resuscitation, had a I-minuteApgar score below 7 or a 5-minute Apgar score

below 9. However, the exact implications ofthis study are difficult to reach since

these predictive factors werestrongly correlated with each other and their effect

was weakened when other confounding parameters were controlled for.

In a more recent study,Whitaker et al. (Whitaker et al., 1997) examined the

relation of neonatal cranial ultrasound abnonnalities (reflecting perinatal brain

injury) to psychiatrie disorder at age 6 years in a regional birth cohort of low­

birth-weight children. Twenty-two percent of the cohort had at least 1 psychiatrie
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disorder, the most common being attention deficit hyperactivitydisorder (15.6%).

They conclude that neonatal cranial ultrasound abnormalities suggestive ofwhite

matter injury significantly increased risk for ADHD at age 6 years in low-birth­

weight children. However, this study did not speculate on the relation between

anoxia/hypoxia and the observed braiq abnormalities.

In conclusion, as many PLDNC (such as prolapsed umbilical cord, placenta

previa, multiple pregnancy, abnormal fetal position or prolonged labour) were

associated with hypoxiaand with an increased risk for ADHD, it is possible that

hypoxia!anoxia during pre, peri and post natal periods plays a role in the future

development of ADHD. Althoughanimal models are consistent with this

hypothesis, direct evidence in humans remains scant. In addition, given the

heterogeneous nature ofPLDNC, it is possible that other factors play a more

direct role in ADHD. For example, it hasbeen suggested that chronic exposures

particularly those producing hypoxia rather than acute insults, are more likely to

be .associated with neuropsychiatric impairment (Milberger et aL, 1997f). The

literature indicates also that sorne developmenüil periods are more likely to be

vulnerability windows where the brain is more susceptible to environmental

stressors. Difference in geneticbackgrounds mayalso play sorne role in the

susceptibility of the brain,particularly dopamine systems, to environmental

stresses. Our research questions aims at answering sorne of these questions by

using an intra-familial case/control study. More specifically, wepropose to

compare patients affected with ADHD to their non-affectedsiblings with regard

to PLDNC with the assumption that this design will control for several
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(environmental as weIl as genetic) confounding factors that oftenplagued this

field ofresearch. Moreover, this design may point toPLDNC that are more likely

to be non-shared factors, which, according to genetic epidemiological studies, are

putatively more relevant to the aetiology ofADHD.
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PLDNC IN CHILDREN WITH ADHD AND THEIR NON-AFFECTED

SIBLINGS

The present study is a part of an ongoing and more ambitious clinical and

pharmacogenetic study ofADHD with two major purposes. The first purpose is to

study the putative interactions between PLDNC and genetic factors involved in

ADHD, and the second purpose is to identify genetic and clinical

predictors/correlates of therapeutic response to methylphenidate.

The first step ofthe study aiming at the investigation ofthe interaction

between genetic and environmental factors is to identify, among PLDNC, putative

non-shared environmental factors with the assumption that these non-shared

environmental factors may be more relevant from an etiological stand point. In a

second step, these non-shared environmental factors will be used as covariates in

genetic studiesof ADHD, with the assumption that this will increase our ability to

identifygenes implicated in ADHD or in modifying therapeutic response to

methylphenidate. This thesis is based on the analysis of the data generated from

the first step of the clinical and pharmacogenetic study at its current stage of

completion.
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METRons

Subjêcts:

Patients

Children were recruited sequentially from the Disruptive Behaviour

Disorders Program (DBDP) at the Douglas Hospital and the outpatient clinics of

the Douglas Hospital. Children are referred to these specialised care facilities by

school principals,community social workers and paediatricians and generally

80 % of them are diagnosed with ADHD in the DBDP and 50 % in the outpatient

clinic.

In.clusion criteria: In order to be included in the study, children had to

fulfil thefollowinginclusion criteria (1) age between 6 and 12 years of age, (2)

meet DSM-IV diagnosisof ADHD based on a clinical interview including school

and parental reports. Parental report is based on a structured interview

(Diagnostic Interview Schedulefor Children, fourth revision or DISC-IV). In all

cases, a bestestimate diagnosis of ADHD was made by a panel of two

experiencedchild psychiatrists who reviewed all the. collected data.

Exclusion. criteria: were excluded from this study all children who had: (l)

history of mental retardation withan IQ less or equal to 70 asmeasured by the

WISC-III.· (2) History of autism, Tourette syndrome, pervasive developmental

disorder or psychosis. (3) Major medical condition or impairment that would

Interfere with the ability of the child to complete testing. (4) previous Intolerance
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or allergic reaction to MPH. (5) CUITent treatmentwith any other medication

exceptfor MPH (in particular, patients receiving anti-epilepsy drugs were

excluded).

Siblings

In order to include non-affected siblings into the study, we choose to

interview mother on history ofADHD in the other siblings whenever possible. In

order tobe systematic in the inclusion of siblings, we decided to match, as much

as possible siblings to their affected siblings with regard to gender then to take the

closest in age. Ifthe sibling that meets these two matching criteria is diagnosed

with ADHD according to the parental report, the next sibling meeting the two

selection rules is investigated. This process is repeated until a non-affected

sibling is identified or no sibling remains.

Procedures

If subjects met the inclusion criteria, the children and their parents were

givenall necessary information through means of a detailed consent form (signed

bythe parents) describingthe study. Once a·child is included in the study, he was

assessedwith regard to several dimensions whilehe was in aweek ofwash out

from all medications he was taking if he was evermedicated. After this one-week

washout period, the children were randomised into a double blind crossoyer one­

week study of methylphenidate.
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Behavioura! assessments:

Diagnostic Interview Schedulefor Children,fourth revision (DISC-IV):

The DISC-IV, a structureddiagnostic interview with the parentes) based on

DSM-IV criteria, was used as a major source of diagnostic information. This

interview provides information on the child' s actions and behaviours in the last 4

weeks, 6 months, and 1-year and whole life. Only the Module E of the interview,

which screens for ADHD, ODD (Oppositional Defiant Disorder) and CD

(Conduct Disorder) was administered. The diagnosis take olso into account

information collected from schools and direct observation of the children. In

addition to being a major source of diagnostic information, the DISC provides a

rough measure of the severity of ADHD symptomatology, at least from.parental

point ofview (NIMH, 1998). This structured interview was shown to be an

acceptable instrument for ascertaining a comprehensive range of child and

adolescent diagnoses (Shaffer D, 2000).

The ChildBehavioral Checklist (CBCL):

The CBCL (Achenbach .1991) is a 113 items parent questionnaire assessing

behaviouraland emotional problems in children. 'l'he CBCL has the advantage of

covering severaldimensions (8 or 9 depending on the age) of child behaviour.

(Conners & Barkley 1985). It yields total and T-scores for intemalizing

behaviours (withdrawn,social problems), extemalizing behaviours (aggressivity,

delinquency) and an overall totalscore (Achenbach, 1991). It has been shown to
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provide good construct validity and to be a valid routine procedure in both a

clinical and a research setting (Bilenberg N., 1999).

The Conners 'Global Index Score (CGIS) parentform:

The C'GIS is a 10 item parent questionnaire which is sensitive to age

groups for children 3 to 17 years old. It yields scores for restless-impulsive

behavior, emotional-lability, and a total index score (Connors & Barkley, 1985). It

has been shown to be a suitable questionnaire for epidemiological studies, with

high degree of structural stability and little dependence on socio-demographic

factors (Roussos A. et al, 1999).

Assessment ofPLDNC history

The Kinney medical and gynecological questionnaire:

This is a 30-45 minute obstetrical and gynecological interview with the

mother encompassing any pre, peri br post-natal complications that could have

occurred during any of their pregnancies as weIl as information on factors s~chas

birth weight, length of labour and gestational age. The mothers were also asked to

name any medications or drugs (whetherprescription, non-prescription orillicit)

taken during pregnancy and give the reason why the medications was taken. The

questionnaire also evaluated high risk behaviours during pregnancy and emotional

and psychosocial factors (McNeil et al, 1994). This questionnaire was

complemented with medical file whenever possible. The McNeil Sjostrom scale

for obstetric complications was used to score this complicated questionnaire. The
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scale gives scores ofvarying degrees of severity for first,. second and third

trimester complications, total pregnancy complications, labour and delivery

complications, neonatal complications (within the first8 weeks ofbirth), and total

obstetrical risk. The scale consists of six severity levels, reflecting the.ordinal

degree of inferred potential harm to the offspring. Severity level l refers to

complications not harmful or relevant for the somatic condition of the offspring.

Severity level 2 refers to complications abnormal or non-optimal, but not likely to

be somatically harmful. Severity level 3 refers to complications that are

potentially but not clearly harmful or relevant. Severity level 4 refers to

complications that are potentially clearly somatically harmful, but not as great as

in level 5. Severity level 5 refers to complications potentially clearly greatly

harmful. Severity leve16 refers to complications ofverygreat harm to or

deviation in offspring. This scoring system was shown to be sensitive and valid

(McNeil & Sjostrom, 1995).

PLDNC were collected for allliving children in thesame family, without

previous knowledge of the affectionstatus (except for the proband). This

indicates that the interviewer does not know whichsiblingwill beincluded in the

study, thus providing a certain degree ofblindness of the interviewer with regard

toaffection status. In addition, the scoring was performed by the applicant using

files that were coded.
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Laboratory assessments ofattention and motor behaviour

In addition to these clinical assessments, the patients (but not their siblings)

were assessed with regard to severallaboratory tests, which are. part of the

pharmacogenetic study. These tests were:

The Conners 'CPT (Conner 's CP1)

Conner's CPT is a 15-min computerised visual and auditory Continuous

Performance Test that measures response inhibition and impulse control. The

Connor's-CPT has a good reliability and validity as discussed in its manual and its

clinical utility for the assessment ofADHD has been well demonstrated.(Conners

1995; Forbes 1998)

The Restricted academic situation scale (RASS):

The RASS was developed by Barkley (Barkley 1990} and provides

information about the frequency and severity ofADHD symptoms during

performance of independent academic work. The child isplaced alone in a clinic

playroom with a set ofmathproblems and told to doas much as he (she) cano The

situation lasts 15 minutes· and thechild behavior is scored on five behavioral

categories: "offtask", "fidgets", "out ofseat", "vocalizes", "play with object".

The assessment is done for ëach 30 seconds interval. Data from thismethod has

beenfound to correlate with teacher's ratings ofADHD sYUlptoms, and to

discriminate .children with ADHD from their normalpeers (McNeil& Wiegerink

1971).
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The CPT and the RASS were assessed onfour occasions. First during the

wash out periodwhile the patient is having his baseline evaluation. The other

four evaluations are made during the third day oftreatment with placebo (or

active medication): before taking placebo (or active medication) and 45 min. after

taking placebo (or active medication). The CPT is always administered first

followed by the RASS.

Statistical Analysis

Demographics characteristics (age, sex and average income) as well as

behavioural scores (DISC, cals and CBCL) were compared. using simple t-test

statistic.

In order to study the relationship between group membership (affected

versusnon-affected sibling) we conducted a repeated measure within subject

amdysis of variance (ANOVA) where the subject status (affected versus non­

affected sibling) was the independent variable and the total score ofPLDNC

during the different periodof development (pregnancy, labour/delivery, neonatal)

were the within subjects repeated measures. We added scores ineach period of

development{aU severity included) to derive aglobal score that was enteredin the

ANOVA.

In addition to this global analysis investigating each developmental period,

we also conducted specific comparisons using Fisher's exact tests to explore

differences between ADHD patients and their non-affected siblings with regard to

a selected number ofPLDNC that were often cited as risk factors in the literature
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such as cigarette smoking, alcohol abuse, birth weight and premature birth.

However, given the high number of comparisons performed with this analysis

approach, the results from this data mining approach are considered only for

exploratory purposes.

In order to study the relationship between PLDNC and the clinical

expression of ADHD, any positive factor identified in theanalysis ofvariance

exploring the relation between group membership and developmental period was

further explored in the group of children affected with ADHD. This analysis

consisted ingrouping ADHD patients into those who have positive history of the

positive factor(s) that ell1erged from theprevious analysis. Subsequently, analysis

of variance waS performed, in which the factor under investigation

(present/absent)was the independent variable and the clinical measures of

severity (CBCL, CGIS) werethe dependant variables. Since for the CPT and

RASS several measures were taken (baseline, before placebo, 45 min. after

placebo, before methylphenidate after 45 min. ofmethylphenidate) in the same

subject,an ANOVA with multiple within subject repeated measures were

performed.

RESULTS

The data presented in this thesis is derived from the study sample when it

reached 65 patients. These patients were at different stages of the recruitment and

evaluation process. Among this population, 45children had non-affected siblings

(20 children have only affected siblings or no siblings at aIl). Only 47 subjects
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had alreadyfinished the two-week trial with methylphenidate and did have their

code unblinded allowing their inclusion in sorne analyses ofthis thesis (analysis

of the relation between PLDNC and severity of ADHD phenomenology).

ADHD affected children did not differ from their non-affected children with

regard to age (p::::: 0.10). Rank ofbirthwas higher in the affected group compared

to the group ofsiblings (respectively 2 and l, p =0.01). AIso, females were

predominant in the group ofnon-affected siblings(respectively 15/30 and 41/4)

(see Table 1 for moredetails). The over representation ofmales was present

despite our efforts to select non-affected siblingsmatched to the genderofthe

child with ADHD. However, this was not possiblebecause, as expected, males

were over represented in our study group and many of them had affected male

siblings or no siblings at aH (which is expeCted given the sex ration observed in

ADHD).

Table 1 shows also that children with ADHD and their non-affected siblings

were very distinct with regard to their behavioural profiles as indicated by the

highly significant differences in the CBCL and CGIS.

ANOVA ana.lysis compàring children with ADHD and non-affectedsiblings

in different developmental periods (first,. second and third trimestef of pregnancy,

labour/delivery Çlnd neonatal periods) revealed no· group effect (F 1,88 = 2.16, p=

0.14). However there is significanteffect ofthe period of development (F 4,352

=4.90, p<Ü.OOOO). The main finding ofthis study is thÇltthe two profiles of

PLDNC over the developmental periods in ADHD.children andtheir non-affected
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siblings were not parallei as indicated by a significanf interaction between group

membership and the deveIopmentai periods (F 4,353 =3.12, p < 0.01)

(See TabIe2).

Post-hoc comparisons·(LSD method) showed that this differentialprofile

indicated by the significant interaction between developmental period and group

membership stemmed from a significant increase in neonatal complications in

ADHD children compared totheir non-affected siblings (F 1,88 = 6.16, p < 0.01)

(seeTable 3 and Figure 1).

Exploratory analysis of the re111tionship between specifie PLDN events and

ADHD was investigated by conducting multiple testing using the Fisher exact

test. Non-affected siblings had more frequent history of forceps CP = 0.04). In

contrast,ADHD chiidren displayed highly significant increase in neonatal

hospitalisation and/or therapeutic intervention (p = 0.003). It is noteworthy that

the factors often reported to be associated with ADHD in case/control studies

such as maternaI smoking and alcoholism, low birth weight did now show

significant differences between patients and their nonaffeçtedsiblings

(see Table 4).
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Ta.ble 1: Demogra.phica.nd clinica.l cha.ra.cteristics of children with ADHD (n = 45)
a.nd their non-a.ffeded siblings(n= 45).

Subjects Siblings p-va.lue

Age yr. 8.8 (1.7) 9.7 (3.7) 0.10

Gender (MlF) 41/4 15/30 0.001

Ra.nk of birth rnedian = 2 median= 1 0.01

DISC-IV Tota.l score 14.2 (2.9) 2.75 (3.0) 0.000

CBCL Tota.l score 73.5 (7.4) 58.6 (18.2) 0.000

CGIS Total score 76.4 (8.7) 56.7 (18.2) 0.000

CBCL =Child Behavioural Checklist;CGIS = Conners'Global Index Scale, DISC~IV = Diagnostîc
interviewschedule for childrel1, fourth .edition. Numbers are mean (SO).
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Table 2: ANOVA results showing the effectsQfgroup Inembership,
neurodevelopmentalperiods and the interaction between these twofactors.

dfeffect MS em~ct dferror MS error F p-Ievel

Group effect 1 20.9 88 9.6 2.1 0.14

Period effect 4 25.4 352 5.1 4.9 0.00

Interaction 4 16.2 352 5.1 3.1 0.01
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Table 3: PLDNC in children with ADHD and their non-affected siblings in the
five developmental periods. Number are mean (SD).

1st :znd 3rd Labor/

Trimester Trimester Trimester delivery Neomltal Total

ADHD 2.5 (1.6) 3.1 (2.1) 3.1 (1.9) 3.5 (3.1) 4.1 (3.7) 16.2 (7.5)

Siblings 2.4 (1.9) 2.4 (1.8) 2.8 (2.0) 4.1 (2.8) 2.4 (2.5) 14.2 (6.8)

p-level 0.77 0.08 0.50 0.34 0.01 0.20
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Figure 1 : Pregnancy, labor/delivery and neo-natal complications (PLDNe) in
children with ADHD (P) and their non-affected siblings (8) during different
developemental periods.
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Table 4: prevalence of specifie complications (%) in cbildren with ADHn and their
non-affected siblings.

Smoking

Alcohol use

Drug abuse

Hyperemesis

Bleeding

Diabetes

AsthmaIBronchitis

Matemalproblems

Placenta

Barly .contractions

Drugsagainstcontractions

Induction of labor

Labor length or inertia

C-section

Anesthesia

Forceps

Ombilical abnortnalities

Other labor/delivery

Pre-/post111aturity

Microsomia

Macrosomia

Breethlcardiac problems

Jaundice/hyperbilirubin

Hospitalisation/therapeutic· intervention

Other neonatal conditions

ADHD Sibling P

60% 60% l.0

4.5% 8.9% 0.6

6.7% 8.8% 1

15.6% 8.8% 0.5

17.8 % 13.4% 0.7

13.4% 8.9% 0.7

13.4% 13.4% l.0

55.6% 46.7% 0.52

6.7% 2.3% 0.6

13.4% 4.5% 0.2

13.4% 2.3% 0.1

20% 60% 0.06

46.7% 46.7% l.0

31.2 % 26.7% 0.8

55.6% 64.5% 0.5

45% 20% -0.04

15.6% 11.2% 0.7

24.5 % 24.5 % 1.0

15.6 % 13.4% l.0

4.5% 4.5 % l.0

6.7% 0% 0.2

24.5 % 17.8 % 0.6

28.9% 26.7% l.0

40% 1l.2 % 0.003

51.2 % 37.8 % 0.2
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Forty-seven subjects completed the pharmacogenetic study in which behavioural

and therapeutic response to methylphenidate were assessed using a double blind cross­

over design. Among these patients, 34 children had history of neonatal complications and

13 did not. Here, we investigated therelation.between the presence ofneonatal

complications and the phenomenological characteristics as measuredby laboratory and

ecological clinical measurements ofADHD dimensions.

Table 5 shows that ADHD children with neonatal complications and those without

neonatal complications did not differ with regard to average family income, ageat the

time of evaluation and both included a majority ofmales without differences in the sex

ratio composition (p= 0.45).

Table 5showsalso that ADHD children with neonatal complications and those

without neonatal complications did not differ with regard to any of the ecological

measures ofthe clinical Severity of ADHD. This was true for the total scores ofthe

CBCL and the CGIS and weIl as for the sub-scores of these two scales (data not shown).

As shown in Figure 2, patients with ne.onatal complications showed a poorer

performance on the Conners'CPT overall indexas indicated by a significant group effect

CF 1,42 =4.7, P = 0.03). As expected, there ü; significant effect of the testingtime (F 3,126

= 4.36, P <0.005), resulting From the therapeutic effect of methylphenidate. No

interaction betweengroup membership and testing time was observed(F 3,126 =0.92,

p=0.42). (See Figure 2 and Table 6). Interestingly, the same pattern ofresultswas

observed with the total score on the RASS. Indeed,~groupëffect (F .1,45 =4.43, p=0.04)

was observed as weIl asa significant effect ofthetesting time(F 3,135 = 11.20, p<O.OOO),
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but no interaction between group and testing time (F 3,135 = 0.42, p=0.75). (See Figure 3

and Table 7)
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Table 5:nemogn~pbics~nddinkal charactetisticsof AOHD cbildrenwîth
and witbout neonatal compliçations.

Witb neonatalcomplications

(N =34)

Age (SD) 9.13(1.70)

Gender (MlF) 3113

Average Income 3-4

CBCL total 72.27(6.54)

CGlStotal 71.92(12.14)

Without neonatal complications

(N = 13)

9.73{1.38)

1112

3-4

69.3(10.6)

73(12.65)

M= n1ales, F= females, CBCL = Child Behavioural Checklist; COIS = Cônners'Global Index Scale.
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Table 6: Conners' CPT OveraU Index scores in children with and without
neonatal complications.before and 45 min after administration. of eUher placebo or
methylphenidate.

N CPT 01 CPT 01 CPT 01 CPT 01

Before placebo After Placebo Before Ritalin After Ritalin

WithNC 31 15.89 15.92 16.61 12.68

WithoutNC 13 11.19 13.99 13.28 10.94

AlI groups 44 14.50 14.50 15.63 12.16

CPT 01= Continuous Performance Test Overall Index, NC = Neonatal
complications.
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Tabl~. 7: RASS scores in childrenwUh and without neonatal complications
before and 45 min artel' eUher administration of placebo or methylphenidate.

N RASS RASS RASS RASS

BeforePlacebo After Placebo Before Ritalin After Ritalin

WithNC 34 48.12 51.80 48.86 23.52

WithoutNC 13 31.00 36.92 30.76 15.07

AH group~ 47 43.38 47.68 43.86 21.18

RASS :;: Restricted academic situation scale; NC :;: Neonatal complications.
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Table 8: Summary ofANOVA ofConners' CPT Overall Index scores in
children with and without neonatal complications before and 45 min after
administration of either administration of placebo or methylphenidate.

dfeffect MS effect df error MS error F p-Ievel

Ne effect

Repeat effect

Interaction

1

3

3

313.61

81.61

17.34

42

126

126

66.61

18.69

18.69

4.70 0.03*

4.36 0.005*

0.92 0.42
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Figure 2: CPT 01 in children with ADHD stratified according to their history
of neonatal complications before and 45 min. arter administration of either placebo
or methylphenidate (lower scores indicate betterperformances).
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Table 9: Summary of ANOVAof RASS scores in children with and without
neonatal complications before and 45 min after administration of either placebo or
methylphenidate.

df effect MS effect df error MS error F p-Ievel

Ne effect 1 8060.38 45 1816.65 4.43 0.04

Repeat effect 3 4713.23 135 420.65 Il.20 0.000

Interaction 3 177.28 135 420.65 0.42 0.73
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Figllre 3: RASS scores in children with ADHD stratifiedaccording to their
history ofneonatal complications before and 45 min. after administration of eUher
placebo or methylphenidate (lower scores indicate better performances).
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3. DISCUSSION:

ADHD is a complex disorder where both genetic.and environmental risk factors

play a major role. Identifying genes that are increasing the susceptibility for this disorder

or modulating the therapeutic response to psychostimulant drugs may be an interesting

avenue of research since this willlead to a better understanding of this disorder and

possibly improved preventive and therapeutic approaches.. Sorne interesting

phenomenological aspect of ADHD are interesting to note and may be an important asset

to researcher in the genetics ofthis disorder. First, although the current DSM-IV

definition of this disorder is categorical, it is clear from clinical practice that the two

major dimensions (inattentiveness, hyperactivity/impulsivity) ofthis disorder are

manifested along two continuums ofbehaviours. In addition to its high heritability, this

characteristic may allow the use of quantitative genetic analyses approaches that may

increasethe power to detect genes involved in fuis condition~ Second, there is a number

of converging information from both human studies and animal models that indicate that

dopamine modulation is animportant culprit, when disturbed, in the pathogenesis of

ADHD. This, illdicate that genes coding for proteins involved in the brain dopamine

modulation.are important candidate genes as already shown by severall110lecular smdies.

Second,ADHD is the only psychiatric condition where the therapeutic effects are

observed within a very short time after drug administration and may bewellquantified.

This also makes the pharl11acogenetic smdies ofpsychostimulant drugs in ADHD very

attractive. In order to capitalise on these advantage, it may be very interesting to further

control for other sources of variance of the ADHD phenotype: this is the general purpose

of the CUITent smdy.
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The design used in this study is an intra-family case/control design aimedto

identify PLDNC that are specifically observed in affectedchildren to the exclusion to

their non-affected siblings. We choose to study PLDNC,·but not over environmental

factors because these were the most studied factors and they have received some validity

from animal studies. Thechoice ofthe intra-familial designWas decided after our review

ofthe.literature indiCated that manyfactors.CSES, maternaI IQ,family history ofmental

disorders) may be confounding factors that can limit greatly the interpretation and the

conclusions that can be drown from population based control studies. Interestingly, the

intra;.familial case/control study may circumvent manyofthese bim~es since it provides

excellent to good matching between cases and controls for several factors, including

genetic background. In addition, we were intrigued by the fact that genetic

epidemiologiCal studies incriminated only non-shared environmental factors, whereas

population based c~se/control studies identified factors. that are intuitively more likely to

be common to all children in the Same family. For example, smoking which hasbeen

often reported to be associated with ADHD, isoften a persistent behaviourthatoften

starts in adolescence or early years of adult life and that is likelyto he carried on several

pregnancies. As such, it may be a shared environmental factor according to the genetic

epidemiologicalpartition of the variance. One therefore may speculate that the

association between maternaI smoking and ADHD in children is possibly a faniilial

communalitythat may be supported by genetiCresemblance in the same familyrather

than a causal relation between ADHD and smoking. The same reasoning 111.ay he

proposed for alcohol consumption. Other PLDNC may intuitively be conceived as non­

shared factors. For example a placentaprevia, a protruded cord or kernicterus secondary
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to maternaI medicine intoxicationmay be viewed as a non-shared environmental factor.

However, it is to be reminded that the partition into genetic, shared and non-shared

factors operated by genetic epidemiology is a statistical one and does not imply that there

are identifiable shared and non-shared environmental factors. For example, Rhesus

incompatibility may impart its effects into three components: genetic (since the maternaI

Rh- genotype is required) shared enviroru:fient(since an siblings Rh+ share atoxic

eIlVironment) and non-shared environment (since siblings who are Rh+and those who are

Rh- do not share a toxic environment). Therefore, the fact that a certain type of PLDNC

are more frequent in ADHD children compared to their non-affectedsiblings does not

imply thatthis factor is entirely a non-shared environmental but it simply suggest that its

aggregate effect may be more 011 the side of non-shared effects, hence that it is more

likely tobe involved in the chain of event leading to ADHD. In other words, we believe

that the iutta-familial design, previously uever used in this field of research, have several

advantages mostly providing for Ideal· controls but also suggesting, but far from

confirming a causal role of the identified risk factor.

Thîsstudy has two major finding. First we found that the profile of PLDNC along

five developmental periods in children with ADHD and their non-affected siblings are

not paraUel. This differential profile was mainly d~e to an increased level of neonatal

complications inchildren with ADHD compared to.their non-affected siblings. This

result may bring severalcomments.

First, compared to thepregnancy and. labour deliveryevents, events experienced in

the neonatal period, when the child acquires more independence from hismother, are
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conceivably more likely to be specifie to each individual, that is to be non-shared factors

according to the genetic epidemiological terminology. Hence, this result is consistent

with the fact that most of the non-genetic.variance of the ADHD phenotype was found to

be non-shared in nature. Consequently, this result may suggyst that neonatal

complications may be a risk factorwith putative causallink to the development of

ADHD. A closer scmtiny of the.neonatal complications identified in this study. and

distinguishing patients from their non affected siblings were medical conditions that

required hospitalisations. This observation gives some confidence that these neonatal

complications are of the non-shared type.·ln contrast to neonatal complications, smoking

and alcohol consumption, two environmentalfactors which are conceivably shared

environmental factors did not show difference between patients and their non-affected

relatives. For example, smoking wasequally high (60%) in pregnancies leading to

affected and non-affected children. Remarkably, this rate is much higher that the

prevalence observed in the general population ofMontreal. .This may indicate that

smoking in this population.is a trait associàted with but not .causal ofADHD. Had we

done a populationbased association study and compared smoking during pregnancy of

mothers of these ADHD patients and mothers of control subjects representative of the

general population, we would have reac.b.ed the spurious conclusio:nthat smoking is a risk

factor for ADHD. This same line ofreasoning may be also valid for other maternaI

medical conditions such as diabetes or hypertension, previously incriminated in literature

as risk factors.

Third, because of our analytical approach grouped several c.omplication.in

particular developmental periods, the present result is an average of different
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complications that might be heterogeneous in nature, sorne of them being possibly

important to the development of ADHD and sorne others being completely irrelevant.

Although the subdivision into different developmental periods has a rational -different

stage orthe brain development and brain vulnerability to environmental stresses- more

detailed analysis of the risk factors, one by one,needs to be performed. Unfortunately,

this type of analyses can not.be performed on a small sample without increasingthe risk

of the inflation of type l statistical errors. However, in this study group, neonatal

complications that were more Frequent in ADHDchildren included several possible

events occurring during the first two·months of life.• Sorne ofthem were significantly

different between probands and siblings. Of these, neonatal hospitalisation, being in

incubator, needing oxygen therapy, general anesthesia.or surgery were themost frequent.

Although these findings· do not point to single event that may explain brain injury leading

to behaviour or cognitive problems, it does support the past research in that children with

ADHD have ahigher prevalence of early-life stressful events. Moreover, these factors are

more likely to be chronic ratherthanacute which is also consistent with previous research

suggesting that prolonged stresses are more lik~ly to be associated with ADHD. AIso, in

line with the results of animal models, it is interesting that. at least sorne of these factors

are clearly associated .withhypoxia (for example needing oxygen therapy, incubator)

during neonatal period.

Thes.econd main finding of this· study is that l1eonatal complication )Vere associated

with inattention as measured bythe Continuous Performance Taskoverall index (CPT­

OI) and the level •• of motoraetivity as.measured by the restricted :;lcademic situation scale.

Interesting this observation was made on four different measurement titnes giving this
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result a good repeatability overtime, and hence reducing its chance to he a false positive

result. In contrast, clinical ecological measure of the sevetity of ADHD symptoms were

independent from history of neonatal complications. Here again several remarks need to

bernade.

First, the presence of an association between neonatal complicatio1ls and the

severity of the. ADHD manifestation on the two major dimensionsofthis disorder,

comhined with the putative non-shared nature ofthese complications suggest that indeed,

these complications may be causaHy related tothe pathological condition.

Second, the fact thatneonatalcomplications were related to measures made in the

laboratory but not with clinical measures of severity is not surprising. Indeed, the

laboratory measures are made with very high level of standardisation and by trained

experimenters with similar training and high inter-rater reliability whereas clinical

assessment are made by different person (mothers),withno training and can have several

biasesresulting in an important between raters variabilit)'. This indicates thathighly

structured laboratory measure are very important il1 behavioural stumes. of ADHD, and

other psychiatric conditions. Of course,ecologically valid assessme1lts are also important

but very high sample sizes might be need to achieve a projected purpose.

Although the mechanism for tl:w positive association between neonatal

complications and ADHD arenot wellestablished, thisfinding; can be interpreted as

consistent with the dopaminergic hypothesis postulated for this disorder. Indeed, several

studies linked postnatal insults with alteration in dopaminergic circuitssuch as prefrontal
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cortex, basal ganglia, corpus callosum and cerebellum, structure that are invoked in the

development of ADHD.

Brain resonance-imaging studies showed that total brain volume is slightly but

significantly decreased in ADHD, the total and regional growth curves for this group run

parallel to normal growth curves (Castellanos et al., 2001). This suggests that brain

abnormalities in ADHD appear to be fixed ratherthan an ongoing proeess and probably

oecurred early in neurodevelopment. The most striking and consistent finding in these

studies is the significant reduction of the volume of the posterior cerrebellar vermis in

ADHD subjects. This region of cerebellar vermis is highly dopaminergie and appears like

mostbrain volumetrie measures to be highly heritable but also influenced by various

factors. Even a subtle injury during this vulnerable process of neurodevelopment in utero

(second or third trimester) can affect the brain development and size globally explaining

the changes seen in ADHD (Rapoport and Castellanos 2001). This report is interesting

because it suggest not only thatthe neonatal period of brain development may be

implicated in thebrain abnormalities observed in ADHD children, but also pointto the

importance of pregnancy adverse effects. In our study, although non significant, we found

that affected children tended to have higher score of total obstetrical complications during

the second trimester of pregnancy, a developmental period reported to be at risk for the

disturbance ofdopaminergic related behaviors such as motor activity, compared to their

non-affected siblings.

Severallimitations should be kept in mind while interpreting the results of this

study. First, our conclusions are based on a sample of45 children ADHD and 45 oftheir
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non-affected siblings. This is of course a small sample size for risk studies. Indeed,

sorne epidemiological studies were based on several hundreds ofpatients and controls.

However, in these large epidemiological studies, the relation between ADHD and risk

factors related to pregnancy was not addressed directly but was rather a sidequestion,

which limit the strength of the conclusions that may be drawn from these large studies.

The largest study addressing the specifie question ofPLDNCand ADHD reported on less

than 200 patients. However, as discussed earlier, this was a case control study wherethe

major limitations, recognized by the authors, is the difficulty ofmatching cases and

controls with regard to several confounding factors. Therefore, our study has the

advantage of controlling for these biasing factors. Nevertheless, a small sample size may

be a serious limitation, particularly with regard to type II errors, that is the inability to

declare two samples not different while they are in facto For example, in this sample, the

total number ofpregnancy complications in the second trimester was higher in ADHD

children but this was short of reaching statistical significance. If this difference is true,

increasing the sample size may.lead toa significant difference in this period of

development. Given that co-morbidityis very high in ADHD, it would have beenvery

informative to study PLDNC in subgroups of patients stratified according to the existence

or not ofcomorbid disorders. However, the small samplesize prec1uded us from

performing this type of analysis. One of our futurepurposes is to increase our sample size

and to answer the$étypesof questions.

The second linütation of our sampling is that subjects were recruited from·a

tertiary and secondary psychiatrie facilities which may limit our ability to extrapolate
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these results to the general population of children with ADHD. Hence, replicating these

results in a more representative sample of ADHDchildren will he important.

Another important limitation of this study is that males were over-represented in the

groups of ADHD children.. However, given thefact that females may be more resilient to

developing the disorder even with higher level ofcausative factors (under a multifactorial

model) if is expectedthat sorne fem.ales may have a high level ofPLDNC andyetthey do

not express the disease. This bias maytherefore be conservative that is unlikely to result

in falsepositive findings.

For example in this study, we have observed that non-affected siblings did have more

occurrences of forceps interventions. Althoughthis difference mayhe relatedto the fact

that non-affected. siblings were on average more first bomcompared to their affected

siblings, its interpretation in the context of this study isdifficult because of the gender

difference between the two groups and the putative higher resilience of females to brain

insults.

The fourth limitation ofthis study is the difference in birth rank. However, here

again, the fact that most ofthe affected children were bom from a second pregnancy,

usually considered .as the lowest at risk pregnancy indicates that the observed differences

are probably not secondary to such a bias.

In our study, diagnosisof ADHD in affected children was based on qifferellt

sources· of informationsuch as clinical evaluation, parental repprt and teachers reports.

However in siblingsthe absence ofADHD diagIlosis was mainly based on parent reports.

Siblings were systematically met at least once.·during the study byan experienced
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member of the research team and none of them showed behaviors consistent with the

ADHD diagnosis. The absence of school reports on siblings would have resulted in the

inclusion.of subjects with ADHD symptoms present in the sch06lsetting but not at home

or other settings. It is therefore possible the selection procedures ofnon affected siblings

may have contributed to reduce the contrast between affected children and their non­

affected siblings with regard to the symptom profile. This may have resulted in an

increased type II error.

Another limitation ofthis design isit reliance on a maternaI retrospective interview.

However, we compared the maternaI report to the nednatal files in a number of patients

with ADHD (58 %) and found that mothers tend to under report these type of

complications, a bias that have been already reported in the literature (Buca et al. 2000).

It is therefore unlikely that this method resulted in a majorbias, and if ever there is bias,

it is rather conservative. Consistent with this observation, we have scrutinized the list of

neonatal complication reported by the mothers and most of them were unlikely to result

from false recaU, though omission might.have occurred. However, there is no indication

on whether mother may be prone to a differential bias of recaU, possibly remembering

more event from the pregnahcy ofthe affected cbildren. To our knowledge, tbis question

was not previously addressed in the literature and may be one of our future questions of

investigation. Although the interviewer was not completely blind to the group

membership (affected subjector non~ffectedsibling), thescoring ofPLDNC was blinded

with regard td group status. In addition, the interviewercollected information on aU

siblings without prior knowledge of the identity of the sibling to be included in the study.
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CONCLUSION & SUMMARY

To our knowledge, this is the first risk study using an intra-familial design to

address the question ofpregnancy, labour/delivery and neonatal complication in ADHD.

This design has the important advantage of controlling for many confounding factors,

induding genetic ones, that often plagued case control risk studies. In addition, this type

of design may point to·non-shared environmental risk factors which, according to genetic

epidemiological studies, are more etiologically relevant to ADHD.

The results of this study, at its current stage of development, suggest that neonatal

complications are more frequent in ADHD children compared to their non-affected

relatives. The severity ofthese complications and their prolonged character, combined to

the fact that they are conceivably of a non-shared nature, suggest that these factors may

play a role in the etiology of ADHD. Furthermore, the fact that neonatal complications

were associated with the severity of attention deficit and motor activity consolidates the

idea that they may have a direct relation to the causation of ADHD.

However encouraging and interesting, the Interpretation of these results is .linlited

by the relatively small sample sizes and the poor gender match between patients and

siblings. Future studies will address these limitations and extend thecurrent work to

investigate the interaction between the putative non-shared environmental factors and

specific.genes involved in the dopamine system, thus bridging the three mainstreams of

research in this pathology.
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