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Perinatal and parental risk factors in an
epidemiological study of children with autism
spectrum disorders

Dimitrios C. Cassimos?, Christine K. Syriopoulou-Delli*, Grigorios I. Tripsianis?,
loannis Tsikoulas®

‘Pediatric Department, Democritus University of Thrace, Alexandroupolis, Greece, “Department of Educational
and Social Policy, University of Macedonia, Thessaloniki, Greece, *Department of Statistics, School of
Medicine, Democritus University of Thrace, Alexandroupolis, Greece, “Developmental Peadiatric Department,
School of Medicine, Aristotie University of Thessaloniki, Greece

Objectives: This study examines several perinatal and parental risk factors in an epidemiological study of
chiidren with autism spectrum disorders (ASD).

Methods: Based on a sample of 273 children with ASD who have been followed up at a General Hospital of
North Greece, an addilional sample of 273 healthy children. malched for age, is also recruited as a contro!
group.

Results: The innovative resulls indicate significant correlation of ASD with three critical categories of
factors: genstic, perinatal, and environmental. According to the empirical findings of multivariate logistic
regression analysis, critical factors Indicating higher risk for autism disorders include: mate gender,
gestalional age (GA}, muitiple geslations; malernal age al delivery, and, maternal education.
Conclusions: The significant impact of perinatal and environmental factors can be indicative of their
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amplifying impact on genatic prong subjects.

Kaywords: Autism. genelic. perinatal, environmentad. risk factors

Introduction

Autism spectrom disorder (ASDY) is considered to be a
biologicatly determined behavioural syndrome, appear-
ing prior to 36 months of a child’s age and is character-
ized by gualitalive impairment in reciprocal social
intersction and conununication, with restricted, repeti-
live, and stereotypical patterns of behaviour, interests,
and  activities (ICD-10, 2080 DSM-5; American
Peychiatric Association 2013) The activlogy of ASD
is unknown. Genetic predisposition and environmental
factors have been related o ASD's palliogencsis.
Epdemiological ASD surveys are recorded in the UK
and 10 many ofher countrics since the mid-1960s
{Lotter 1966). The majority of past epidemiological sur-
veys have been based on o definite diagnosis of ASD.
according to ditferent eriteria over time, The estimated
prevalence of AST in different countries and decades
is seen to vary substantiaily, for instance, from 1 L0t
P61 per 10,000 children poputation samples (Kiclinen,
et b 2000: Chakrabarti and Fomboenne 200%; Lingam
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el af. 2003, Gurney e of, 2003; Cederiund e/ «f 2008
Fombonne et al. 2006; Baivd ¢ wl 2000, 2006), Different
rates of ASD incidences have been estimated, as, lor
instance. 10 incidences per 10,000 childien {Gillberg
and Wing 1999): 3 to 50 incidences per 10.000 children
{Reichenberg et al. 2000): or, 60 incidences per 10,000
children (Constantine and Todd 20035} Males are
alfected more frequently than lemales, with a preva-
fence ratio of approximately 4:1 (Gillberg and Wing
1999; Constanting and Todd 2005).

During  the last decades, several studies have
exammed perinatal and parental risk factors for ASID
development in offsprings, compared with non-ASD
populution-based controls {(Juuk-Dam, Townsend and
Courchesne 2001; Croen, Grether, Hoogstrate and
Selvin 2002q, 2002b, Hallmayes ¢ af 2002; THultman,
Sparen  and  Coatfinius 2002, Volpe,
Dean Trus 2002, Glasson  er ol 2004,
Larsson er ol 2005 Grether er ol 2009: Frans o «f.
2013, Windham ¢t of 2011) Several studies focus
on the perinatal pertod, searching for possible risk
factors associated with the development of ASD.
Mothers with previous unfavourable obstelric events
had increased risk for effsprings with ASD (Hultmun

Wilkerson,
and

L, G M A
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et af 2002 Giallorett, Benvenuto, Benassi und Curatolo
@2014). Other perinatal factors that have been linked with
the development of ASD include gestational age ((GA),
maede of delivery, congenital malformations, low birth
welght (LBW). maternal use of drugs during pregnancy,
and neonatal hyperbilirubinaemia {Croen er af 20024,
2002b, 2007, 2001 Hertz-Picciotio e «of  2006;
Leavey, Zwaigenbaum, Heavaer und Bursiyn 2013).
However, a lurge number of studies contradict he
effect of perinutal factors in the development of ASD

(Deykin and MacMahon 1980; Gillberg and Gitlberg

1983; Bryson, Smith and Eastwood 1988 Bolton ef el
1997, Hultman ¢r af 2002). The advanced maternal
age is another epidemiotogicat lactor that has been

related with ASD development (Gillberg and Gillberg

1983; Reichenberg ¢/ al. 2606; Croen, Najjar, Fireman
and Grether 2007).

Recent sludies argue thal there wre significant

differences in ascertainment between epidemiologi-
cal studies performed several decades ago and
more recently (Miller er of. 2013). There has been
considerable variation In the results, with 38 risk
lactors to be associated with ASD in at leasl vne
study (Williams ef ol 2008}, However, in only a
few studies do the authors indicate these Factors as
being critical for ASD. In summary of these find-
ings, male gender increases the risk of ASD up to

six times (Windham e ol 2011 Campbell, Chang

and Chawarska 2014); low Apgar score two- to
threefold (Hultman e ol 2002; Larsson of of
2005); advanced maternal wge {over 35 years) three-
fold (Fultman e «f. 2002; Croen et of. 2007), Never-

thefess, these findings have not been consisteny

confirmed by other studies (Larsson ef al 2005).
Twin studies demonstrated  conflicting  results

(Flultman ¢f af. 2002; Larsson «f af. 2005; Hallmayer

et al 2011). The presence of perinalal siress has
been a popular field for sclentisis to investigate in
relation to ASDY  development  but relevant
outeonmes vary (Lobascher, Kingerlee and Gubbuy
1970; Knobloch and Puasamanick 1975; Deykin
and MacMahon 1980; Gillbery and Giliberg 1983;
Bryson ef al. 1988: Langridge ef of. 2013).

The mechanisms leading to the development of

ASD or aulistic phenolype remain still unknown.
During the pust 30 years, numerous investigations
have altempted 1o identiy a pattern or a causal
pathway Tor ASD, starting from the perinatal
period. Despite the numerous studies investigating
ithe causal reletionship between dilTerent Lactors ad
ASD development. the empirical findings are seen
t be inconsistent and often contradictory. This
oulcome can be related to considerable variations
in the methods of analysis, sample size, variable selec-

tion, data quality, and diversified characteristics of

con(rol groups.

Internaliona! Journal of Developmental Disabilities DH

International Journal of Developmental Disabilities

e

192,30 23/3/2015

[n view of Lhese contradictory findings, this study
proceeds  to examine  potential  relationships
between ASIDY and risk factors, such as wender,
birth weight (BW), GA. Apgar score. multiple ges-
tation, parity, parental age at delivery, parental
education, and social status, Furthermore, additional
information. coliected by means of semi-structured
interviews thal conducted children’s
purents, is also incorporated; allhough previous
studies predominuntly  on  children’s
records and reports as sources for data coflection.

I this background, the purpese of this study is to
examine & variety of critical epidemiological factors
m a study group of chifdren with ASD in Greece
and compare the empirical findings with a control
group of healthy children, matched for age. The criti-
cal factors incorporated in this study (such as LBW
and GA) have been also proposed in other mujor
recent studies (such as Larsson of of 2005; Kolevzon,
Gross  and  Reichenberg  2007:  Schende!l and
Karapurkar Bhasin 2008). Although other important
factors, such as foetal distress or labour reluted ones,
are of core interest. they can constitute potential
interesting ideas for lurther research and lfead to the
expansion of this study at a subscquent stage,
To the authors” knowledge, this is one of the few
first mternational empirical studics but one of the
pioncer ones in the Greek educational policy field
focussing on the interrelution of eritica] fuctors on
ASD actiology. Moreover, the study attempts to pro-
vide a range of quantified outcomes on these oritical
issues, especially in the context of Greece.

It should be noted that this study uses the erm
autism only as in the earlier past studies that
incorporate this specific terminology and does not
proceed to any udjustment into ASD. The term
ASD is used in more recent studies and this is what
the current study is indeed dealing with,

were with

have relied

Methods
Participants

Subject Recruitment

The study cohort group consists of 273 children with
ASE and their parents, The dingrosis is pursued by
specialist clinical doctor on children’s development
(LT3, examines, and (ollows up children and new-
bora children (LT. stands for the name inilials of
the practitioner doctor in the Centre of Developmen-
tal Paediatrics). They are lollowed up at a General
Hospital of North Greece, the largest Hospital in
Northern Greece with specific department on Devel-
opmental Pacdiatrics that employs a wide range of

"This coctor, now Emeritus Professor of Luvelopmental Psadialric
Department, Schoot of Maedicing, Aristotle University, Graace. has served
as the Director of the Center of Developmental Paedialics over a
number of years.
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personael recruited on the assessment of develop-
mental disorders and is the only specialized Hospital
that gserves the population in this region. Morcover,
273 healthy children with no history of ASD, who
have been visiting the hospital {or routine health
check-ups, are recruited as controls.

The sample population of the study has been dis»
tribuled between males and females in order Lo take
inlo uccounl convincing pust empirical evidence
that mdicated ASD to be more common among
males than females (Table 1).

The ages of ihe children is especially relevant as a
critical inpul because the most severcly aflected
children with ASD are more likely to be diagnosed at
a younger age, whereas those with milder symptoms
may not be diagnosed untif later scheol age (Table 2},

The meun age of the ASD children sumple at the
dime of the study stands at 6 years (SD: 1.8).

Autism spectrum  disorder was not the only
critarion considersd for setting-up the control recruit-
ment sample. Particular care has been piaced wpon
criticai Tactors that should be eliminated, such as
cases ineluding,  in addition, psychiatric
ilnesses that have close relution to ASD or risk
fuctors, such as schizephremia, Down’s syndrome.
or cerebral patsy.

other

Measures

Parental characteristics were obtained by semi-struc-
tured  interviews, The questions of the interview
included risk faclors for ASD, Like gender, BW, GA,
Apgar score, muitiple geslalions, parity. parcntal age
at delivery, parental education, and social status.

Procedures

Semi-structured oul al a
General Hospital of North Greece by one ol the
researchers (LT)) in this study, who was following
up children with ASID on a regular basis, from

mterviews were carsied

Cassimas et ¢l

September 2008 until September 2009, Morcover,
from 2008 to 2009, 273 consecutive healthy children
with no history of ASD who visited the General
Haospital for routine cxaminations were reeruited as
controls. They were Irequency matehed Lo patients,
upon the basis of age (%7 vears).

The interview process was based on a4 semi-struc-
tured framework. This means that the basis of the
field research remework was mainly guided and sup-
ported by the bospilel written records run regularly
by the respective paediatrics doctors with speciality
on infant development, The validity of the results
obtained [rom this process has been supported by
the diversity ol hospitals, doctors, and infant clinics
ane time-spans incorporated in this field research.

Classification of exposure variables

Classified variables have been selected as most import-
ant on the basis of recent empirical research on the
Lopic under study (Juul-Dam ¢f af. 2601; Croen ef ol.
2002a. 2002b: Glasson er wl 2004, Larsson et ol
2005, Reichenberg er «f. 2006; Williams ef ol 2008:
Volkmar and Wiesner 2009). The relevant thresholds
have been selected on the basis of the avuilable
sample population characteristics and Lhe hospital
existing dJata records, Birth weight was classilied

age was classilied as < 36, 36-37 weeks, 3842 weeks.
Apgar score al 5 minules was classified us <8 and
810, Malernal age at Lime ol child’s birth wus classi-
fled as <25, 25-29, 30-34, and >33 years, while
paternal age at time of child’s birth was classified
as <30, 3034, 35-39, and >40 years. Parental edu-
cation was classified as <6, 7-12. and > 12 years. Par-
ental social status, based on income, was classilied us
low, middle, and high. The individual economic basis
categorization has been based on past relevant empiri-
cal practice and reference (c.g. Fombonne 2003).

The choices of categories and critical factors were

Tabhle 1 Aulism Spectrum Disorders (ASD) sampie's selectedd on the busis of recent empirvical research

gender on the topic under study {e.g. Eaton, Morlensen,
oy S vdenhe 2 . [ ar

Gender Y % lhomsg_n and hjydf_nb%rg 2000 Juul-Bam ef ol

- 2000, Croen ef of 20024, 2002b; Hultman e ol

Male 214 73.38 2002; Glasson ef ol. 2004; Larsson e of 2005; Reich-

Fomale o 261 enberg et al. 2006, Will /. 2008). The relev

Total 274 100 enberg ¢f al. 2006, Williams ¢¢ ul 2008). The relevant
thresholds have selected on the basis of the available
sample population characteristics and the hospital

Table 2 Dates of Autism Spectrum Disorders (ASD) fata e

: s existing data records,

children’s birth

Year of birth N % Table 3 Autism Spectrum Disorder (ASD) children's birth
weight

16951997 15 5.50

19972000 16 5.86 Birth weight N %

2000~2002 35 2380 . e .

20022003 #3 30,40 22500 g 29 L2

2003-2005 8 2867 2.501-3.500 ¢ 140 51.3

2005-2008 16 5.08 = 3500 g 104 a5

1otat 273 100.0 Total 273 1000

lnternationat Journal of Developmental Disabilities 2038 KIRHY 0
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Statistical Analysis

Statistical analysis of the duta was performed using
the Statistics] Puckage for the Social Sciences
{SPSS), version 19.0 (IBM). All seciedemographic
and perinatal characteristics wereg categorical and
they were expressed as lreguencics (and percentages).
The chi-sguare test was used (o evaluate any poten-
tial association beiween the incidence of ASD and
potential risk luctors, while odd ratios (cOR) with
their 93% conlidence intervals (C1) were estimated

@ias the measure of these associations. Parents’ age

was expressed also as mean £ standard deviation
and was compared using Student’s r-test. We run a
ftest iy order to only indicatively test the robustness
ol parental age as a risk Muctor and check its validity
lurther. The methodology applied has foliowed past
empirical practice. A mulUvariate stepwise logistic
regression model was constructed to explore the inde-
pendent effect of children’s characteristics on the
incidence of AST). The multivariate regression was
bidirectional. All tests were two-taijed and st
significance was considered for 2 values <0.05.

Results
Children’s birth characteristics

The study included 273 children diagnosed with
ASD, born between 1993 and 2008, Table 4 presents
the distribution of sociodemographic and perinatal
variables, such as gender. BW, GA, Apgar score,
multiple gestations, parity, parental age at delivery,
parental education, and social status, among cases
and control chitdren.

Table 5 presents the association between ASD
children’s characteristics andd the presence ol ASD,
expressed ag odds ratios (¢cOR) with 95% CI and
the crude ¢ORs for the associations of each one of
these variables with the incidence of autism,

Male gender was more {requent among patients in
compartison to healthy controts [214 (78.4%) of 273
patients vs 140 (31.3%) of 273 contro! subjects,
F<0.001; cOR 3450 The ASD sample cases were
more likely lo have shorter GA (P=0.009) and
lower BW (P=0.001); the odds of developing ASD
wus significantly increased for GA < 36 weeks [24
(8.8%) cases vs 10 {3.7%) conirol subjects; ¢OR
2,67} This linding appears to be in line with other
past studies {such as Beollon o ol 1997. Hultman
et af. 2002 Madsen er af 2002 Larsson ¢f af
2003). Past empivical evidence taken mnte account
justifies this finding on the basis of GA of <33 or
37 weeks, Birth weight <2500 ¢ {29 ({0.6%) cuses
vy 8§ {2.9%) control subgects; cOR, 425 Apegar
scores al 5 mmutes were more olten <8 (up 10 7}
i cases [19 (7.0%) cuses vs 8 {2.9%%) control subjects,
P=0030; cOR, 2.4%]. Although more than half
(33.7%) of the ASD childien were first born, here

Internatienal journal of Develapmental Disabilities A oL 30
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Table 4 Presence of Autism Spectrum Disorders (ASD) in
refation {o chitdren’s characteristics

Key variables Controls ASD P value

Gender

Fernale 133 &gy 59 218 = 0.001

Male 140 51.3 214 8.4

Birth waight

S 2500 g 8 29 29 1.6 0.001

2501-3500 ¢ 164 60.% 140 513

»>3500 ¢ 101 37.0 04 3841

Gestational age (weeks)

<38 10 3.7 24 8.8 0.004

3637 20 7.3 31 11.4

38-42 243 890 218 798

Apgar score al 5 minules

=7 8 29 19 7.0 £.000

810 265 97y 264 980

Muitiole gastation

No 268 982 205 934 3.006

Yas 5 18 18 6.6

Parlty

1 177 648 162 887 0.052

2 B3 304 98 359

=3 13 4.4 23 8.4

Maternal age at delivery

<25 47 17.2 28 10.3 = (0.001
2529 By 312 88 205

30-34 103 377 127 485

=35 38 139 g2 227

Paternal age al delivery

<30 34 12.5 18 55 < D001

30-34 86 315 62 227

35-39 124 45 4 138 48.8

» 40 29 106 50 220

Maternal sducation

<6 years 104 3811 15 5.5 < {3001

7-12 years 07 392 114 418

=12 years g2 227 144 527

Paternal education

<6 years 92 337 38 139 < 0.001

7-12 years 111 40.7 113 41.4

> 12 years 70 256 122 447

Social status

Low 53 19.4 44 16.1 (.342

Miciche 179 65.6 177 Ga.g

High 41 15.0 52 19.0

was o tendency (P=0.052) towards higher lrequencies
of ASD ¢hildren thun healthy controls armong the
second [98 (35.9%) cases vs 83 {30.4%) control sub-

Jeets) and third or more bicth order [23 (R.4) cases

v 13 (4.8%) control subjects], resulting in an
increased risk for ASD of 1,38 (P=0.086) und 2.06
(F=0.047} Tor children bora second or third and
beyond, respectively, compared to the ones that
were born first, Twinning was considered as a risk
actor for ASD. since twin pairs were significantly
mere  commoen  ameng  patients  than  controls
[18 (6.6%) cases vs 5 (1.8%) contrel subjects,
P=0.006; cOR, 3.78].

Parental Profile

The parental age of the ASD sample cuses was
significantly higher than the respective parental age
of the contral sumple (maternal age: 3171 £ 3.79 vears
vs 29024331 veurs, P00 paternal  age
M AT EDSE veurs vs o 3030 £4 0 years, P00 )

e ]
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Table 5 Association Between Autism Spectrum Disorders (ASD) children charactetistics and the presence of ASD,
expressed as Crude Odds Raties (cOR) for Univariate Analysis and Adjusted Odds Ratios (aOR) for multivariate analysis with

International Journal of Developmental [Disabilities

5% confidence intervals (Ch

Autism

cOR 95%<C) P value aCR 95% {1 P value
Gender
Farnaie 1 1
Male 3.45 2.37-5.01 20,001 371 2.55-5.40 = 0,001
Birth weight
%2500 g 4.25 1.88-9.59 <0001 n.s.
265013500 ¢ i
= 3800 g 1.21 0.85-172 0.300
Geslational age {weeks)
< 36 2.67 LAh-5.72 4.608 3.27 1.43-7.50 0003
3637 173 0.96-3.12 G.067 1.51 0.84-2.73 .165
3842 i 1
Apgar score at & minutes
=7 2.48 107576 0.035 n.s.
8-10 1
Muitiple geslation
No ] t
Yes 378 1.38-10.34 0.009 2.50 1.02-6.14 0.038
Parity
i 1 AR]
2 1.38 0,96-1.98 .086
n3 2.06 1.01-4.21 0.047
Mateimal age at defivery
25 0.90 0.51-1.61 0,732 0.93 .53-1.66 0.825
B34 i 1
30-34 1.67 1.22-2.87 0,004 1.46 0.86-2.23 0.073
=35 2.48 1.46--4.19 = (.00 3.04 1.80-5.13 < D001
Paternal age at defivery
< 30 Q.40 G.21-0.77 0.005 .8,
30-34 0.66 ¢.44-0.99 0.043
3538 i
40 1.89 1.14-3.13 0.013
Maternal education
=6 yeurs 0,14 0.07-0.25 < 0.001 0.48 0.30-0.75 0.C01
712 yaars i i
> 12 yeurs 2.18 {483 24 < {3,001 1.82 1.22-2.70 0.003
Paternal education
%06 years 041 (0.26-0.64 <0001 n.s.
712 years 1
> 12 years 171 1.16-2.54 Q007
Social stalus
{ow 0.84 0.54-1.32 0.447 -
Mididle |
High 1.28 0.81-2.03 0.287

Nole: The variables that exhibited a significant impact on the presence of ASD in the univariale analysis were, subsequently, entered
into the multivariate logistic regression model. The variables marked with - were not finally qualified to be included; ns.. not signifi-

canl; cOR, crude odds ratio; a0R, adiusted orids ratio.

Chare included in Table 3. Increased risk for autism was
associated with maternal age between 30 and 34 years
(127 [46.5%] cases vs 103 [37.74) control subjects;
(«OR, 1.87) and maternaf age =33 years (62 [22.7%)
cases vs 38 [13.9%)] control subjects; (¢cOR 2.48). in
relation to age group 25-29 yeurs. Paternal age
zdOyears displayed increased risk For autism (60
[22.0%] cases vs 29 [10.6%§ control subjects; (cOR,
L.89) in refation to age group 35-39 vears; on the other
hand. significant reduction in the risk of autism, by 60
and 3%, respectively, was observed. with paternal age
< 3 years (OR, 0.40) and 30234 years (COR, 0.66).

As te educational charactenistics. ASD sample parents

had longer (= 12 vears) education than control sample
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parents (77 < 0.001 for maternal und paternal education).
With duration of maternal education for 7-12 years
(medium) as & reference group, the risk of developing
ASD was significantly increased for longer maternal edu-
cation (144 [52.7%4] cases vs G2 [22.7%)] for control sub-
jects: (¢OR, 2.18) A signilicant reduction in the sk
was associated with shorter duration of maternal edu-
cation (£6 years) (15 [5.5%) cases vs 104 [38, %] coatrol
subjects; (¢cOR 0,14} Similarly, shorter and longer
paternal educational level yvielded odds ratios Tor ASTY

compared (o these with medium (712 vears) paternal
education. No dilference in familv's social status was

observed  belween patients amd  control subieets

s

o, D0 I
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(7==0.342). The parvental cducation profile has been
bused on the overall samplé populution characteristics
and not on specilfic educational conditions in the
region. The cducational system applics uniformiy to all
State regions. Tle laclor of parental educalion years
has been consistently incorporated in relevani past
studies. For instance, Fombonne (2003) refers to 12
studies providing informalion on the social class of the
families of” ASTY children. A number of studies (e.g.
Lotter 1966, Brask 1970; TrefTerl 1970; Hoshino er af
1982) indicate an association between ASED and social
class or parental education, Flowever, the data-collection
period for these studies relers to prior 1o 1980, Neverthe-
less, subsequent studies conducted thereafter did not pro-

Blvide any evidence on Lhis issue,

Multivariale  logistic  regression  analysis  was
performed Tor all the variables that showed signifi-
cant difference in univaried analysis {gender, BW
GAL Apgar score, multiple gestation, maternal and
paternal age at delivery, maternal and paternal edu-
cation).

Muitivariate logistic regression analysis revealed
thut the following independent determinanis were
stgnificantly associated with higher risk for ASD:
male gender [adjusted odds ratio (aQR)=3.71,

multiple gestutions (uOR =250, P=0.038). maternal
age at delivery over 35 years (aQOR =304, P<0.001).
and  higher  maternal  education > 12 years
{(aOR=182, P=0.003). On the contrary, low
maternal education level (6 vears) was signifi-

cantly associated  with  lower risk for  ASD
{(nOR=048, P=0.001).

Discussion

Aulism spectrum disorder is a behavioural syndrome
of unknown actiology. Like most behavioural

syndromes, there is evidence thal ASD is a hetero-
geneous disorder, In this study, several factors from
different origins were related positively with ASD
development. Subsequent to the multivariate staristi-
cal analysis, male gender, GA <36 weeks, multiple
gestations, maternal age at delivery over 35 yeurs,
and maternal education =12 years were found fo
be persisting critical factors.

As regards the male gender, the empirical resulis
relevant  pagt
lindings. Both the higher gender ratic and gender
differences in the phenotypic profile for ASD support

re in o agreement  with empirical

the hypothesis of gender differences in ASD uelioh
gy, al deast for some individuals (Gillberg and
Wing 1999, Constantino and Todd 2003, 2003
Camplell ¢r ol 2004). Ditferent proposed expla-
nations for gender differences contain genctic or

epigenetic mechanisms that act independently of

genctic lability, including ASD gene expression
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wfluenced by prenatal sex hormong exposure (Baron-
Cohen and Hammer 1997; Szatmari. Jones, Zwaigen-
baum and MacLean 1998; Pickles ¢r of 2000).

The ASE sample cases are found to have, more likely,
shorter GA and lower BW; the odds of develeping ASD
areseen to increase significantly for GA < 36 weeks and
BW <2500 g, although this outcome does not remain
statistically significant in the multivariate analysis.
Studies Tocussing on single pertnatal visk factors huve
reporled « posilive association for LBW (<2500 g)
{Devkin and MacMahon 1980; Mann ¢f «f 2010),
In an carlier study, a gender stratification indicated

increased ASDY risk among bovs (but nol girls) of

LBW (<2500 g){Mason-Brothers e af. 1990). Schendel
and Karapurkar Bhasiz (2008) found that the preva-
lance of ASDY in LBW or preterm children was murkedly
lower than that associated with other developmental

disubilities; although, in multivariate analysis, BW of

<2500 g and preterm birth st <33 weeks gestation
were agssociated with an approximate twofold increase
in ASD risk,

Bolton ef al. (1997) conciuded an increase in ASD
risk associated with GA of <35 weeks, LBW chii-
dren born term, and short GA. These lindings are
consistent with those of a large register-based study
from Sweden (Flultman e o/ 2002). In a recent
study (Schricken ef ol 2013), prematurind/LBW
were more prevalent 1 a group of ASD children
compared 1o controls.

In this study, those cuses that scored o low Apgur
score (& or less minutes) indicated a higher tendency
{risk) to ASD, although the multivariate statistical anal-
ysis did not support statistical significance. The birth
order and being lactor hus been consistently incorpor-
ated in relevant past studies {e.g. Deykin and
MacMahaon 1980: Tsai and Stewart 1983; Piven ef «f
1993; Bolton e al 1997; Juul-Dam er af 2001; Croen
et al. 20024, 2002h; Mudsen ¢f af 2002: Glasson of gl
2004: Larsson et af. 2005}, For instance, empirical cvi-
dence indicates that ASD participants may be less
commen in first- and fourth-born children compared
with the general population. Hence, this factor appeurs
to potentially have some interest in refation to ASD,
Birth order is a factor found to differ significantly
when compared against the control group, Autism spec-
vum disorder children are seen to have been born more
often as seeond or third and beyond in the row, although
stalistical sigaiflcance was nol robust in the multivasiate
statistical analysis. According o several studies,
birth order (especially first or last borny is an ASD risk
Factor (Devkin and MacMahon 1980 Glasson o wl
2004 Schricken ve ol 20130 Giallorett et of 20i4).
Piven e wl (1993) argue that differences in the number
ol unfavourable pre- or perinatal events befween
ASD children and siblings were attributable to differ-
eNCe N parily,
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Twinning was also vbserved more often i the
group of ASD children. In past studies on twing
and Tamilics. the concordance rate was over 36%
for monozygotic twins and 3% for dizygotic twins
(Lauritsen and Ewald 2001). Aronson, Hagberg und
Gillberg {1997) believe that a concordance rate for
monozygotic twins of < 100% indicates that nonge-
aelic factors also play a causal role. In a recent
study (Fladlmayer ef «f. 2011), the large proportion
of ASD in (wins is attributed mainly te shared
factors, in :addition to
genelic heritability (Hallmayer er al 20010,

In this study, the parents of ASD cases were seen
to be significantly okler than controls cases’ parents.
Malernal age over 35 years remained a stalistical
significant factor for ASD development in the multi-
variate  analysis.  Patients”  parents  had
cducation fevel (han the controb subject parents.
No difference in family’s social status was observed
between patients and confrol subjects.

The associution of ASD with paternal age has been
evalusted in numerous studies over the last decudes
(Lotter 1966; Piven ef of 1993; Bolton e al 1997,
Lauritsen and Bwald 2001; Croen ef ol 2002a, 2002b;
Huliman ef of 2002, Glasson ef af 2004 Larsson
er ab 2005; Reichenberg e ol 2006). Mutation and/or
cpigenctic alterations are associated with ddvancing
paternal age (Frans ¢f «l. 2013). In an Austrahan popu-
lation, Glasson o af (2004) found that increased
maternal nge, but not paternal wge, was significantly
associuted with ASD rigk, independently of other peri-
natal Tactors. Lauritsen and Ewald (2001) found that
ASD risk was assoctated with ncreasing paternal (but
not maternal) age. Larsson ¢f ¢f. (2005) reported statisti-
calty ingignificant ussociation of ASI with parental age,
except from severely alTected children with ASD. Reich-
enberg ef af. (2006) found that increased paternal (but
not maternal) age was assoctated with ASD risk after
adjustment for vears of birth and socioeconomic
status. More recently, in a US study of large scale
(1:23.311), Grether ef al (2009) found that a 16 vear
increase in maternal and paternal age was associated
with 38 angd 22% increase in ¢cOR [lor autism, respect-
ively. Windham e al, (201 1) concluded that ASD preva-
tence was double in children of older mothers. aged aver
40 veurs (Windham e al. 2041). Finally, in @ study
across yenerations (Frans er al 2013), the advanced
grand-parental age and paternal age were associated
witls increased ASD) visk, someliing that could poten-

environmental moderate

igher

lially develop over generations. Muternal education
hus been relaled positively with autism (Croen e/ af.
20024, 20020), while lower paternal education in a pro-
rective manner for ASTY {Windham e7 ol 2011},

The study draws atiention to the potential wsue of

inherent covariation among dilTerenl variables, such

as women education. mothers’ age or fertility
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support. As discussed, women who are more cdu-
cated are more likely to have delayed childbearing
so ure older when they have kids. On the other
hand, older women are morc likely to use fertility
treatments  resulting i multiple  births; multiple
births of course often affect BW and GA. et
There is also the difference between LBW (in general)
and LBW lor GA; in general, a child who is born al
40 weeks bul is of lower thaa expected weight is
much more likely (o have significant problems than
a child born at 32 weeks who is maybe LBW techni-
cally, but not Jow lor GGA. These issues can be poten-
tal ideas as u luture direction for rescarch.

In conclusion. as revealed in the lindings of this
study, the risk [actors associated positively with
ASD can be grouped inte three categories:

~ genetic fuctors, as cxpressed by maie gender,

multiple gestation, GA, malernal age al delivery:
perinatal factors, as expressed by GA and
maternal age at delivery;

— environmental fuctors, as expressed by maternal

education.

Some of (hese Factors could be simultancousty
ncluded in more than one category, as lhey can
action
(Schricken et «f 2013, For instunce, maternal age

have interactive and can be interrelated
at delivery cun affect GAL while maternad education
can be linked with the maternal age at delivery,

ft appears that the ASD actiology is multivariate
(huul-Dam et ol 2000 Hallmayer et ol 2002
2004). Nevertheless. the  genctic
faclor seems Lo be the strongest and most consistent,
alffecting all three categories. Furthermore, as to the
ASD pathogenesis, heritable genetic vulnerability
may amplify adverse effects triggered by environmen-
tal cxposures (Stamou, Streifel. Goines and Lein
2013). The higher maternal educational jevel could
be indicative as to (he limited time spent with theit
children for their outgrowing. This issue requires
further investigation, as there is no plausible expla-
nation availuble vel. Over (he last decades. epidemio-
logical studies performed have exhibited significant
differences in ascertainment (Miller et al. 2013).
This empivical study 15 original for the domestic
field and the refercnces incorporated have been
only indicative in order to support the relevant
academic background, as no simular relevant studies
far domestic research have been traced out.

This study, however. is limited by certain constraints,
For u start, sumple size had Lo be cut down, in order to
keep sample’s cohort at a manageable level. The sample
was focussed only on children with ASD diagnosis wid

CGilagson ef  ul.

all the other cases were eliminated, Moreover, farther
evaluation of the interview and the process should be
ideallv conducted. In order to better understand the
ASD puzzie as a complicated disorder and enlghlen
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s pathogenesis, further empirical studies would be
asefui, interesting, and timety. albeit organized on the
busis of strict and clear-cut scientilic criteria.
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