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Annual Increase in Paternal Age and Prevalence of
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ORIGIMNAL ARTICLE

Advancing Paternal Age and Autism

Abrakonr Rachenberg, PAD; Razx Gross, MD, MPH; Mark Weiser, MDY
Michealine Bresnahan, PhDY; Jeramy Silverman, PRD: Susan Harlap, MEES;
Jomathan Ralsinowitz, PhD; Cory Shalman, PhDy; Dalores dalasping, MDY

Gad Lulvin, MDY Haim Y. Knobier, MDD
Micha<! Dhrridson, MDY, Exra Susser, MD, DaPFH

Conbext: Matemal and pacernal ages are associated with
newrodevelopmental disorders.

Objecthvwe: To cxamine the relationship betwesn ad-
vancing paternal age at binth of offspring and their risk
of antism speciram. disorder (ASD).

Deslgn: Historical population-based cohort stwdy.

Sering: ldentification of ASD cases from the IsTacli dmfi
bowrd medical registry.

Particlpants: We conducted a study of Jewish per-
soms bom in lsTael during 6 consecutive years. Virtually
all men and about thres quarters of women in this oo-
hort underwent draft board assessment at age 17 years.
Paternal age at birth was obtained for most of the co-
hor, maternal age was obrained for a smaller subset. We
used the stnaller subset in=132 271 with data on both
paternal and matemal age for the primary analysis and
the larger subset (n=318 306) with data on paternal but
nob maternal age for sensitvicoy analyses.

Maln Oelkome Measeres: Information on persons

coded as having Feternaticnal Classification of Discases,
10tk Bevision ASD was obrained from the regisity. The
regisiry identified 1 10 cases of ASD {incid ence, 8.2 cases
per 10 000 persons) , mainly aatismn, in the smaller sub-
set with complete parental age data.

Resulks: There was a significant monotonic association
between advancing pacernal age and risk of ASD. Off-
spring of men 40 years or older were 5.7 3 tiomes (95% con-
fidenoe interval, 20631 2.46; P=2.001) more likely to hawe
ASD cormpared with offspring of toen younger than 30 vears,
afver conrolling for year of birth, socioeonomic stams, and
matemal age. Advancing maternal age showed no associa-
tiom with ASD after adjusting for patermal age. Sensidwvity
analyses indicaced that these findings were not the result
of bias due to missing data on maternal age.

Concluslens: Advanced paternal age was associated writh
increased risk of ASD. Possible biological mechanisms
inchide de novo mutations associated with advancing age
or alterations in genetic imprinting.

Arch Gen Psychamry. 2006,62:1026-10322




Multinational Registry-based Analyses of
Autism Risk Factors and Trends:

The International Collaboration for Autism
Registry Epidemiology (iCARE)
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A Spectrum of New Studies
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ICARE Concept

* Integration of multiple existing population-based data systems



ICARE Sites and Roles
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iCARE Consortium Characteristics

Population | Birth Years | Births/Year Coverage Health Care
Size Provision

Denmark 5.5 mill 1980-2007 62,000 Nation Public
Finland 5.4 mill 1987-2008 60,000 Nation Public
Israel 7.6 mill 1987-2006 125,000 Nation Public
Norway 4.8 mill 1980-2005 55,000 Nation Public
Sweden 9.4 mill 1980-2008 107,000 Nation Public
Western 1.9 mill 1983-1999 24,000 State Public and

Australia private



ICARE Consortium Characteristics

| 1987-1996 Births

ASD Autistic Disorder

Site N Prevalence Sexratio N Prevalence Sex ratio
(per 1000) (per 1000)

Denmark 6,116 9.5 3.7 1,277 2.0 5.0
(2009)*
Finland** 3,579 7.0 3.5 670 1.3 ---
(2009)*
Sweden 10,340 9.2 2.2 3,235 2.9 2.6
(2009)*
Israel 1,281 1.7 -— -— - -
(2007)*
Norway 985 1.7 3.9 455 0.8 3.1
(2005)*
Western 770 3.3 5.9 531 2.3 5.9
Australia
(2004)*

*  Year of follow-up
**1987-1994 births



ICARE Consortium Characteristics
1997-2004 Births

ASD Autistic Disorder

Site N Prevalence  Sex N Prevalence Sex ratio
(per 1000) ratio (per 1000)

Denmark 4,218 8.0 4.7 1,633 3.1 4.8
(2009)*
Sweden 4,236 5.8 3.4 2,186 3.0 3.5
(2009)*
Israel** 1,521 2.8
(2007)*
Norway*** 266 1.1 4.8 172 0.7 5.4
(2005)*
Western 364 5.2 4.9 279 4.0 4.6
Australia***
£ 3
(2004)*
* Year of follow-up

** 1997-2002 births
**%* 1997-2000 births
kAk* 1997-1999 births



Benefits of Multi-site Approach

O Assemble birth cohort data sets
0 Can adopt different study designs to suit analysis

0 Integration enhances statistical power of analyses
= |ndividual strata of exposure or outcome
* Independent effects of multiple risk factors

0 Uniform analytic methodology can be applied to:
= Pooled, multi-site data
= |ndividual, site-by-site, comparisons
* May reveal etiologic mechanisms

Facilitates results comparison and interpretation
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Molecular Psychiatry

Figure 2

RR of autism vs age 30
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Molecular Psychiatry

Figure 3
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F"lgn.re 1 Relative nsk (RE) and two-sided 95% confidence intervals for autism spectrum
disorder following Cesarean section compared with vaginal deliverv overall and
in gestational age subgroups (weeks 26-36_ 37-38, 39-41_ and 42-44).

26-36 s 1.25[1.15,1.37]
37-38 L 1.16[1.09,1.23]
39-41 - 1.34[1.28,1.40]
42-44 | ——t 1.17[1.04,1.30]
| I | | | |
0.50 075 100  1.30 1.80 2.50
Relative Risk

Each RR was estimated from logistic regression adjusting for site (Denmark, Finland, Norway,
Sweden, Western Australia), sex, birth vear (1984-89, 1990-1994, 1995-99_and 2000-2004) and
maternal age (<25, 25-29_30-34, 35-39_=40).

Autism Risk in Caesarean Section
Benjamin Hon Kei Yip, Helen Leonard, Sarah Stock, Camilla Stoltenberg, Mika Gissler, Raz Gross,
Diana Schendel, Sven Sandin. International J Epi. Dec 26, 2016.




ASD: C-Section vs. Vaginal Delivery by Week of Gestation

Figurel Eealative risk (EE) and tero-sidad 93% confidanecs intsrvals for autism spactmm
disorder following Cassarsan section comparad with vaginal dalivery by wedk of
gestation {wasks 26-30 a5 one group).
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ASD: Emergency vs. Elective C-Section by Week of Gestation

Figured Ealative risk (EE) and two-sidad 93% confidancs intsrvals for autism spactmm
disorder following emerssncy Cassarsan section comparsd with slsctive
caesarsan section by week of gestation (weeaks 26-30 as one group).
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Gut Microbiota Functions Disease Indications

Influences Neurologic

Immune maturation Psychiatric

and homeostasis Respiratory
Host cell proliferation Cardiovascular
Vascularization Gastrointestinal
Neurologic signaling Hepatic
Pathogen burden Autoimmune
Intestinal endocrine Metabolic

functions Oncologic

Bone density
Energy biogenesis

Biosynthesis
Vitamins
Steroid hormones
Neurotransmitters

Metabolism
Branched-chain and
aromatic amino acids
Dietary components
Bile salts
Drugs
Xenobiotics

The NEW ENGLAND

Lynch SV et al. 2016 JOURNAL of MEDICINE



Healthy persons, each with genetic susceptibility Combination of genetic susceptibility
to one or more polygenic disorders and environmental exposure, resulting
in polygenic disorder
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Dysbiotic<

pathobionts ‘

Nonspecific environmental triggering
factors, such as chronic infection !
i and unhealthy diet

S~—="?

Subclinical dysbiotic gut Reproduction of distinct disease phenotype through
Healthy gut — . il infl . | Ionioftheidvsbiotic di ited
Hicrobiota microbiota, intestinal inflammation, transplantation of the dysbiotic disease-associated gut

| and leaky mucosa microbiota to a genetically susceptible rodent host

The NEW ENGLAND

Lynch SV et al. 2016 JOURNAL of MEDICINE
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Neonatal body site
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Children conceived between January and
May have higher-than-average rates of
developmental conditions, whereas those
conceived between June and December have
lower-than-average rates.




Viruses (Influenza)
Pesticides
Vitamin D

Incidence rate per 10,000 conceptions
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Month of conception

Zerbo et al. Epidemiology. 2011



OXTFORD

UNIVERSITY PRESS

From: Month of Conception and Learning Disabilities: A Record-Linkage Study of 801,592 Children

Am J Epidemiol. 2016;184(7):485-493. doi:10.1093/aje/kww096 ASD
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Figure Legend:
Crude monthly incidence (dots) and pure cosinor models (dashed lines) of additional educational support needs, Scotland,
United Kingdom, 2006—2011.
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AUTISM SPEAKS

It’s time to listen.
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And 1 was so typically brilliant of you to have invited an epidemiologist.



