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Abstract

Background and aims: Despite substantial advances in the etiology of autism spectrum disorder (ASD),
the environmental risk factors have not yet been well understood. The present study investigated the
association between ASD, and maternal and perinatal risk factors.

Methods: This matched, case-control study was conducted in Hamadan, the west of Iran, from
November 2015 to May 2016. We enrolled 41 children with ASD aged 3-17 years. We selected four
controls per one case from the same hospital where patients were born. Controls were separately
matched with cases for sex, age, and birth year.

Results: We compared 41 ASD cases with 164 controls. After adjusting the odds ratio (95% Cl),
ASD was significantly associated with third-degree relatives consanguinity [3.29 (1.39, 7.75)], short
birth length [4.99 (1.15, 21.60)], short head circumference [7.87 (1.48, 41.76), respiratory distress
syndrome at birth 3.97 (1.91, 8.22)], respiratory assistance at birth [2.92 (1.39, 6.10)], birth hypoxia
[2.85 (1.35, 5.99)], and low 1-minute Apgar score [3.65 (1.04, 12.75)].

Conclusions: Our findings suggest that ASD may be associated with multiple maternal and perinatal
risk factors. Evidence based on large prospective multicenter cohort studies is required to indicate the
impacts of maternal and perinatal exposures.
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Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by impaired social communication,
restricted and repetitive behaviors, and language
impairment. The symptoms usually become apparent in
early childhood, typically during the first three years of
childhood.! ASD incidence is approximately four times
higher in boys than that in girls.>* ASD was previously
thought to be a relatively rare disease, but its prevalence
has increased in recent decades. According to the evidence
from different parts of the world, the prevalence of ASD
varies from 2 to 20 per 1000, or approximately 1/50 to
1/500 in children.>*¢

The pathogenesis of ASD has not yet been well
understood. The general consensus is that genetic factors
play an importantrole in the etiology of ASD and exposure
to environmental factors such as toxic substances,
teratogens, and perinatal events may contribute to variable
expression of the disease.”® A meta-analysis of 40 studies
addressed over 60 perinatal and neonatal risk factors for

ASD and reported that evidence is not sufficient to raise
any single factor in the etiology of the disease.” However,
evidence based on epidemiological studies has suggested
that maternal, perinatal, and neonatal factors such as
hypoxia, low Apgar score, abnormal presentation, low
birth weight, meconium aspiration, advanced maternal
age, diabetes, obesity, and hypertension may increase the
risk of developing ASD.'*1¢

Despite substantial advances in the etiology of ASD
and maternal, perinatal, and neonatal exposures which
have been the focus of epidemiologic studies, the
environmental risk factors for this disorder have not yet
been properly investigated, particularly in developing
countries. Until reliable information on the modifiable
risk factors for ASD is collected, it is difficult to design
and conduct preventive measures. The present study
sought to assess the association between ASD and several
potential maternal and perinatal risk factors for the
disorder.
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Methods

This matched, case-control study was conducted in
Hamadan, the west of Iran, from November 2015 to
May 2016. The case group included children with ASD
and the control group included children without ASD.

We enrolled children with ASD aged 3-17 years whose
birth medical records were available. The patients who
were born in other cities or their medical records were
incomplete or had congenital anomalies were excluded
from the study. The diagnosis of ASD was made
clinically by a clinician, based on the children’s complete
histories, physical and neurological examinations as well
as the assessment of their social, lingual, and cognitive
development. The parents were also interviewed. Final
diagnosis was made by clinical judgment of the clinician
aided by Gilliam Autism Rating Scale, 2nd edition
(GARS-2). The GARS-2 is a norm-referenced instrument
that consists of 42 items helps clinicians identify and
diagnose autism in individuals aged 3-22 years. The items
of the GARS-2 are based on the definitions of autism
adopted by the DSM-IV. The instrument addresses the
typical behaviors of a person with autism, including
communication and social interaction."”

Because the number of cases was small, four controls
were selected from the same study population per each
case. The controls were selected from among children
who were born in the same hospital where patients were
born. Controls were separately matched with cases by sex,
age, and birth year.

Additional data, which were needed for this study but
were not recorded in the birth medical records, were
collected through interviews with parents after explaining
the objectives of the study for them. Since no intervention
was carried out in this study, we just took parents’ verbal
informed consent to participate in this study and answer
to our questions.

Perinatal and neonatal information was drawn from
birth medical records available at the hospital using a
checklist of items according to the context of the medical
records. The checklist included data on consanguinity,
birth weight (g), head circumference (cm), respiratory
distress syndrome at birth, respiratory assistance at birth,
birth hypoxia, pathologic jaundice, gestational age (w),
interval between pregnancies (year), the mothers body
mass index (kg/m?*), mother’s age at pregnancy, gravidity,
the type of childbirth (normal vaginal delivery versus
cesarean section), number of previous live births, history
of stillbirth, history of abortion, having prenatal care, and
using supplementary drugs during pregnancy (vitamin
D, folic acid, and ferrous sulfate).

We used the chi-square test to compare categorical
variables and the r test to compare the continuous
variables. We also performed the conditional logistic
regression analysis to examine the association between
ASD and associated risk factors, adjusted for age, sex, and

year of birth. All statistical analyses were performed at a

significance level of 0.05, using Stata software, version 11
(StataCorp, College Station, TX, USA).

Results

We identified 86 ASD cases, of whom 32 subjects were
born in other cities, and because their birth medical
records were not available, 10 were excluded from
the study because their birth medical records were not
available, and 3 refused to participate in the study. The
analysis was performed on data from the remaining 41
ASD cases and 164 matched controls.

The details
demographic

of cases and controls, including

characteristics, personal information,
and perinatal events are shown in Table 1. There were
statistically significant differences between the case and
control groups with respect to consanguinity (2=0.001),
birth length (2=0.016), head circumference (2=0.003),
infant respiratory distress syndrome at birth (2=0.001),
respiratory assistance at birth (2=0.005), birth hypoxia
(P=0.007), and low 1-minute Apgar score (P=0.025).
There was no statistically significant difference between
the two groups in terms of birth weight (P=0.323),
pathologic  jaundice (P=0.684), gestational age
(P=0.276), interval between pregnancies (£=0.558),
mother’s body mass index (£=0.929), and advanced
maternal age (P=0.545).

In addition, there was no significant difference between
the case and control groups with respect to parity , type
of delivery, number of live births, history of stillbirth,
history of abortion, having prenatal care, and using
supplementary drugs. These variables are not listed in
Table 1. There was no positive family history of autism
among cases and controls.

As shown in Table 2, after adjusting the odds ratio (95%
CI) for sex, age and year of birth, ASD was found to be
significantly associated with third-relatives consanguinity
[3.29 (1.39, 7.75)], short birth length [4.99 (1.15,
21.60)], short head circumference [7.87 (1.48, 41.76)],
respiratory distress syndrome at birth [3.97 (1.91, 8.22)],
respiratory assistance at birth [2.92 (1.39, 6.10)], birth
hypoxia [2.85 (1.35, 5.99)], and low 1-minute Apgar
score [3.65 (1.04, 12.75)] and not significantly associated
with pathologic jaundice [1.17 (0.54, 2.56)], previous
term labor [3.37 (0.45, 25.00)], short interval between
pregnancies [0.95 (0.08, 11.36)], high maternal body
mass index [1.73 (0.10, 30.76)], and advanced maternal
age [0.76 (0.31, 1.85)].

Discussion

According to our findings, ASD was associated with
a number of maternal and perinatal risk factors,
including consanguinity, short birth length, short head
circumference, respiratory distress syndrome at birth,
ventilation assistance at birth, birth hypoxia, and low
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Table 1. Comparison of the Characteristics of Control Group and Case Group Using Chi-Square Test

Controls (n=164)?

Cases (n=41)*

Variables P Value
No. % No. %

Consanguinity 0.001
Unrelated 140 88.6 26 63.4

Third relatives 13 8.2 10 24.4

Fourth relatives 5 3.2 5 12.2

Birth weight (g) 0.323
Normal (2500 to 4500) 150 99.6 36 87.8

Low birth weight (<2500) 12 7.4 5 12.2

Birth length (cm) 0.016
Normal (45.7 to 60.0) 136 96.5 31 86.1

Short birth length (<45.7) 5 3.5 5 13.9

Head circumference (cm) 0.003
Normal (32.2 to 38.5) 134 97.8 31 86.1

Small head circumference (<32.2) 3 2.2 5 13.9

Respiratory distress syndrome at birth 0.001
No 136 83.4 22 53.7

Yes 27 16.6 19 46.3

Ventilation assistance at birth 0.005
No 113 69.8 19 46.3

Yes 49 30.2 22 53.7

Birth hypoxia 0.007

No 116 71.2 20 48.8

Yes 47 28.8 21 51.2

Pathologic jaundice 0.684
No 125 76.2 30 73.2

Yes 39 23.8 11 26.8

Gestational age (wk) 0.276
Term (37 to 41) 143 87.2 32 78.0

Preterm (<37) 18 11.0 7 17.1

Post term (242) 3 1.8 2 4.9

Interval between pregnancies (y) 0.558
>2 78 97.5 19 95.0

<2 2 2.5 1 5.0

Maternal BMI (kg/m?) 0.929
Underweight (<18.5) 3 8.3 1 6.7

Normal weight (18.5 to 24.9) 27 75.0 12 80.0

Overweight/obese (>25.0) 6 16.7 2 13.3

Mother's age at pregnancy (y) 0.545
<35 129 78.7 34 82.9

235 35 21.3 7 17.1

1-minute Apgar score 0.025
>8 156 96.3 34 87.2

<8 6 3.7 5 12.8

@ Sum of subgroups are less than total number due to missing data.

1-minute Apgar score.

Our findings indicated that consanguinity may increase
the risk of ASD by more than threefold. Genetic factors
play a fundamental role in etiology of ASD.”# Evidence has
shown that consanguinity can increase familial clustering
of multiple hereditary diseases within the same family.'®
However, it is not clear whether consanguinity can really
increase the risk of ASD. Some epidemiological studies
reported a positive association between consanguinity
and the risk of developing ASD"? but some studies have
not confirmed such association.?"** It is estimated that the
observed association may be confounded by other factors.
Evidence based on large studies is required to approve the

association between consanguinity and ASD.

We observed that hypoxia, respiratory distress
syndrome, and ventilation assistance at birth were
significantly associated with ASD. Similar finding has
also been reported by several epidemiological studies.*
The reason is that poor fetal oxygenation during labor
and impaired respiratory gas exchange at birth may result
in permanent damage to the brain and neurological
2627 Experimental evidence
suggests that hypoxia-ischemia-induced cerebral atrophy

impairment in the future.

and corpus callosum injury contribute to the development
of learning and memory deficits.”®
Our results suggest that children with an Apgar score of
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Table 2. Association Between Autism Spectrum Disorder and Demographic, Personal, and Clinical Characteristics Using Conditional Logistic

Regression Analysis

Variables Controls (n = 164) Cases (n = 41) Adjusted OR (95% CI)? P value
Consanguinity

Unrelated 140 26 1.00

Third relatives 13 10 3.29(1.39, 7.75) 0.006
Fourth relatives 5 5 5.23(1.19, 23.02) 0.029
Birth weight (g)

Normal (2500 to 4500) 150 36 1.00

Low birth weight (<2500) 12 5 1.80 (0.58, 5.57) 0.580
Birth length (cm)

Normal (45.7 to 60.0) 136 31 1.00

Short birth length (<45.7) 5 5 4.99 (1.15, 21.60) 0.032
Head circumference (cm)

Normal (32.2 to 38.5) 134 31 1.00

Small head circumference (<32.2) 3 5 7.87 (1.48, 41.76) 0.015
Respiratory distress syndrome at birth

No 136 22 1.00

Yes 27 19 3.97(1.91, 8.22) 0.001
Ventilation assistance at birth

No 113 19 1.00

Yes 49 22 2.92(1.39, 6.10) 0.004
Birth hypoxia

No 116 20 1.00

Yes 47 21 2.85(1.35, 5.99) 0.006
Pathologic jaundice

No 125 30 1.00

Yes 39 11 1.17 (0.54, 2.56) 0.685
Gestational age (wk)

Term (37 to 41) 143 32 1.00

Preterm (<37) 18 1.99 (0.65, 6.09) 0.227
Post term (>42) 3 2 3.37 (0.45, 25.00) 0.241
Interval between pregnancies (y)

>2 78 19 1.00
<2 2 1 0.95 (0.08, 11.36) 0.967
Mother's body mass index (kg/m?)

Normal weight (18.5 to 24.9) 27 12 1.00

Underweight (<18.5) 1 No data -
Overweight/obese (25.0) 2 1.73 (0.10, 30.76) 0.708
Mother's age at pregnancy (y)

<35 129 34 1.00
235 35 7 0.76 (0.31, 1.85) 0.549
1-minute Apgar score
>8 156 34 1.00

<8 6 5 3.65 (1.04, 12.75) 0.043

2 Odds ratio adjusted for sex, age, and year of birth.

less than 8 had an OR of 3.65. Low Apgar score may lead
to intellectual disability and ASD.**° Although ASD has
a genetic basis and exposure to maternal and perinatal
risk factors has also been reported to be causal in some
cases, it is unlikely that ASD is caused by a single obstetric
factor.®' Gardener et al conducted a meta-analysis to
examine the association between over 60 perinatal and
neonatal factors and ASD. They concluded that evidence
is not sufficient to implicate any single perinatal or
neonatal factor in autism etiology, but a wide spectrum
of conditions during perinatal and neonatal period may
increase the risk.’

The main limitation of this study was the small number

of cases of ASD. In order to overcome this limitation,
we increased the number of controls per every case to
improve the statistical power. Furthermore, detailed
information about some of the risk factors had not been
recorded in the birth medical records. This caused certain
limitations to perform data analysis and decreased the
statistical power of the study. Despite these limitations,
the current study shows some maternal and perinatal risk
factors for ASD in a middle-income country. The results
may be helpful for policymakers who plan for preventive
programs and prioritize risk factors in order to reduce the

burden of ASD.
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Conclusion

Based on our findings, ASD may be associated with no
single, but several maternal and perinatal risk factors.
Although our results were statistically significant for
some risk factors, evidence based on large prospective
multicenter cohort studies is required to indicate whether
maternal and perinatal exposures may increase the risk.

Ethical Approval
The Ethic Committee of the Hamadan University of
Medical Sciences approved this study (IR-UMSHA.
REC.1394.466).

Conflict of Interest Disclosures
None.

Funding/Support

The Vice-Chancellor for Research and Technology of
Hamadan University of Medical Sciences provided the
financial support to conduct this work.

Acknowledgments

We would like to appreciate the Vice-Chancellor for
Research and Technology of Hamadan University of
Medical Sciences for supporting this work. We also
thank the staff of Welfare Organization and Fatemiyeh
and Social Security hospitals for their collaboration with
this study.

References

1. American Psychiatric Association (APA). Diagnostic and
statistical manual of mental disorders. 5th ed. Arlington: APA;
2013.

2. Prevalence of autism spectrum disorder among children aged
8 years - autism and developmental disabilities monitoring
network, 11 sites, United States, 2010. MMWR Surveill
Summ. 2014;63(2):1-21.

3.  Christensen DL, Baio J, Van Naarden Braun K, Bilder D,
Charles J, Constantino JN, et al. Prevalence and Characteristics
of Autism Spectrum Disorder Among Children Aged 8 Years--
Autism and Developmental Disabilities Monitoring Network,
11 Sites, United States, 2012. MMWR Surveill Summ.
2016;65(3):1-23. doi: 10.15585/mmwr.ss6503al.

4.  Fombonne E. Epidemiology of pervasive developmental
disorders. Pediatr Res. 2009;65(6):591-8. doi: 10.1203/
PDR.0b013e31819e7203.

5. Chakrabarti 'S, Fombonne E. Pervasive developmental
disorders in preschool children. JAMA. 2001;285(24):3093-9.

6. Baird G, Simonoff E, Pickles A, Chandler S, Loucas T,
Meldrum D, et al. Prevalence of disorders of the autism
spectrum in a population cohort of children in South Thames:
the Special Needs and Autism Project (SNAP). Lancet.
2006;368(9531):210-5. doi: 10.1016/s0140-6736(06)69041-
7.

7. Hallmayer J, Cleveland S, Torres A, Phillips J, Cohen
B, Torigoe T, et al. Genetic heritability and shared
environmental factors among twin pairs with autism. Arch
Gen Psychiatry. 2011;68(11):1095-102. doi: 10.1001/
archgenpsychiatry.2011.76.

8. Muhle R, Trentacoste SV, Rapin I. The genetics of autism.
Pediatrics. 2004;113(5):e472-86.

20.

21.

22.

23.

24.

25.

26.

Gardener H, Spiegelman D, Buka SL. Perinatal and neonatal
risk factors for autism: a comprehensive meta-analysis.
Pediatrics. 2011;128(2):344-55. doi: 10.1542/peds.2010-
1036.

Krakowiak P, Walker CK, Bremer AA, Baker AS, Ozonoff S,
Hansen RL, et al. Maternal metabolic conditions and risk for
autism and other neurodevelopmental disorders. Pediatrics.
2012;129(5):e1121-8. doi: 10.1542/peds.2011-2583.
Xiang AH, Wang X, Martinez MP, Walthall JC, Curry ES,
Page K, et al. Association of maternal diabetes with autism
in offspring. JAMA. 2015;313(14):1425-34. doi: 10.1001/
jama.2015.2707.

Reichenberg A, Gross R, Weiser M, Bresnahan M, Silverman
J, Harlap S, et al. Advancing paternal age and autism.
Arch Gen Psychiatry. 2006;63(9):1026-32. doi: 10.1001/
archpsyc.63.9.1026.

Croen LA, Najjar DV, Fireman B, Grether JK. Maternal and
paternal age and risk of autism spectrum disorders. Arch
Pediatr Adolesc Med. 2007;161(4):334-40. doi: 10.1001/
archpedi.161.4.334.

Grether JK, Anderson MC, Croen LA, Smith D, Windham
GC. Risk of autism and increasing maternal and paternal
age in a large north American population. Am ] Epidemiol.
2009;170(9):1118-26. doi:  10.1093/aje/kwp247.

Sandin S, Hultman CM, Kolevzon A, Gross R, MacCabe JH,
Reichenberg A. Advancing maternal age is associated with
increasing risk for autism: a review and meta-analysis. ] Am
Acad Child Adolesc Psychiatry. 2012;51(5):477-86.e1. doi:
10.1016/j.jaac.2012.02.018.

Pinto-Martin JA, Levy SE, Feldman JF, Lorenz JM, Paneth
N, Whitaker AH. Prevalence of autism spectrum disorder
in adolescents born weighing <2000 grams. Pediatrics.
2011;128(5):883-91.  doi:  10.1542/peds.2010-2846.
Gilliam JE. Gilliam Autism Rating Scale. 2nd ed. (GARS-2)
Pearson Education Limited; 2005.

Mosrati MA, Schrauwen |, Kamoun H, Charfeddine I, Fransen
E, Ghorbel A, et al. Genome wide analysis in a family with
sensorineural hearing loss, autism and mental retardation.
Gene. 2012;510(2):102-6. doi: 10.1016/j.gene.2012.09.006.
Mamidala MP, Kalikiri MK, Praveen Kumar PT, Rajesh N,
Vallamkonda OR, Rajesh V. Consanguinity in India and
its association with autism spectrum disorder. Autism Res.
2015;8(2):224-8. doi:  10.1002/aur.1431.

Al-Owain M, Kaya N, Al-Shamrani H, Al-Bakheet A, Qari
A, Al-Muaigl S, et al. Autism spectrum disorder in a child
with propionic acidemia. JIMD Rep. 2013;7:63-6. doi:
10.1007/8904_2012_143.

Hamade A, Salameh P, Medlej-Hashim M, Hajj-Moussa E,
Saadallah-Zeidan N, Rizk F. Autism in children and correlates
in Lebanon: a pilot case-control study. ] Res Health Sci.
2013;13(2):119-24.

Meguid NA, Hashish AF, Anwar M, Sidhom G. Reduced
serum levels of 25-hydroxy and 1,25-dihydroxy vitamin D
in Egyptian children with autism. J Altern Complement Med.
2010;16(6):641-5. doi: 10.1089/acm.2009.0349.
Maramara LA, He W, Ming X. Pre- and perinatal risk factors for
autism spectrum disorderin a New Jersey cohort. ] Child Neurol.
2014;29(12):1645-51.doi:10.1177/0883073813512899.
Burstyn I, Wang X, Yasui Y, Sithole F, Zwaigenbaum L. Autism
spectrum disorders and fetal hypoxia in a population-based
cohort: accounting for missing exposures via Estimation-
Maximization algorithm. BMC Med Res Methodol. 2011;11:2.
doi: 10.1186/1471-2288-11-2.

Kolevzon A, Gross R, Reichenberg A. Prenatal and perinatal
risk factors for autism: a review and integration of findings.
Arch Pediatr Adolesc Med. 2007;161(4):326-33. doi: 10.1001/
archpedi.161.4.326.

van Handel M, Swaab H, de Vries LS, Jongmans MJ. Long-

18 Int ] Epidemiol Res, Volume 6, Issue 1, 2019



Poorolajal et al

27.

28.

term cognitive and behavioral consequences of neonatal
encephalopathy following perinatal asphyxia: a review. Eur )
Pediatr. 2007;166(7):645-54. doi: 10.1007/s00431-007-0437-
8.

Rei M, Ayres-de-Campos D, Bernardes ). Neurological
damage arising from intrapartum hypoxia/acidosis. Best Pract
Res Clin Obstet Gynaecol. 2016;30:79-86. doi: 10.1016/j.
bpobgyn.2015.04.011.

Cengiz P, Uluc K, Kendigelen P, Akture E, Hutchinson E, Song
C, et al. Chronic neurological deficits in mice after perinatal
hypoxia and ischemia correlate with hemispheric tissue loss
and white matter injury detected by MRI. Dev Neurosci.
2011;33(3-4):270-9. doi: 10.1159/000328430.

29.

30.

31.

Schieve LA, Clayton HB, Durkin MS, Wingate MS, Drews-
Botsch C. Comparison of Perinatal Risk Factors Associated
with Autism Spectrum Disorder (ASD), Intellectual Disability
(ID), and Co-occurring ASD and ID. ] Autism Dev Disord.
2015;45(8):2361-72. doi: 10.1007/s10803-015-2402-0.
Polo-Kantola P, Lampi KM, Hinkka-Yli-Salomaki S, Gissler
M, Brown AS, Sourander A. Obstetric risk factors and autism
spectrum disorders in Finland. J Pediatr. 2014;164(2):358-65.
doi: 10.1016/j.jpeds.2013.09.044.

Glasson EJ, Bower C, Petterson B, de Klerk N, Chaney G,
Hallmayer JF. Perinatal factors and the development of autism:
a population study. Arch Gen Psychiatry. 2004;61(6):618-27.
doi: 10.1001/archpsyc.61.6.618.

How to cite the article: Mohammadian-Khoshnoud M, Omidi T, Shirmohammadi-Khorram N, Poorolajal J. Autism spectrum disorder and
associated risk factors: a matched case-control study. Int J Epidemiol Res. 2019;6(1):14-19. doi: 10.15171/ijer.2019.03.

Int J Epidemiol Res, Volume 6, Issue 1, 2019 19



