Framtidin er nina!
Snemmtaek ihlutun barna med proskafravik.

Er haegt ad hafa ahrif a faerni
0og pbroska barna?

Ingolfur Einarsson barnalaknir, Greiningar- og radgjafarstod
Vorradstefna GRR
9. mai 2019



Og svarid er , JA“

* Naerandi og 6rvandi umhverfisadstaedur a fyrstu arum barns getur mogulega
vario pau fyrir proska- og/eda gedraenum erfidleikum seinna a aevinni, en aftur
a moti sleemar adstaedur leitt til hins gagnstaeda.

* Naerandi umhverfi felur t.d. i sér stodugar og gdédar félagslegar adstaedur:

e Jakvaedir og neemir umonnunaradilar (foreldri), med virku gagnkveemu samspili,
broskandi leikfong, videigandi baekur, og fjolbreytt naerandi umhverfi utan heimils (t.d.
gd0 dagvist eda leikskoli).

* Ti0 og geedarik samtol med stédugum endurgjofum i samskiptum vid barn, er
talid hafa mikid veegi fyrir proska pess (MINNKA VIDVERU [ SNJALLSIMA)

e Barn sem elst upp i félagslega verri adstaeedum synir einkenni pess strax vid 3
ara aldur (jafnvel yngra) og bilid breikkar med aldri, sé ekkert ad gert.

* Bregdast parf vid mismunun a adbunadi barna a heildstaedan og fj6lpaettan
hatt.

Key competencies in early cognitive development. Things, people, numbers and words. Des. 2018.
https://www.eif.org.uk/reports



https://www.wired.co.uk/gallery/developing-human-connectome-project



Evolution of the Human Nervous System
Function, Structure, and Development

| [] | []
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* Um 86 milljardar taugafruma
 Svipadur fjoldi stodfruma (microglia)
 Aztlad um 15-32 milljardar séu i heilaberki heilahvela (neocortex)

e Stori heili vegur um 82% af heildarpyngd MTK en inniheldur einungis
um 20% af fjolda taugafruma MTK, p.e. um 16 milljarda

e Litli heili vegur einungis 10% af pyngd MTK en innihledur um 80%
taugafr. heilans eda um 69 milljarda

 Manan talin innihalda einungis um 20 milljon taugafruma
* til samanburdar er talid ad um 500 milljonir taugafr. séu i meltingarveginum



Heilaborkur (cortex)

Fyrstu taugafrumurnar sem myndast, koma
sér fyrir i dypsta lagi heilabarkar (dokk blar).
paer frumur sem myndast sidar faerast ofar
eda grunnra i heilaborkinn (ljos blar)

“creating an inside out order of migration”
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As shown in the first panel, the first neurons migrate from the
ventricular zone (VZ) to form the preplate (PP). As shown in the
second panel, the next neurons split the PP into the marginal
zone (MZ) an the subplate (SP), both transient brain structures.
The mature brain, shown in the third panel, has six well
developed cortical layers (I-VI), but none of the embryonic
structures (MZ, SP, VZ). The intermediate zone (I1Z) has become
a mature white matter layer (WM).
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Myndun heilans a fésturskeidi og taugafrumu- nymyndun (neurogenesis)
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Lissencephaly
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Normal Development of Brain Circuits tau s peterson_2010
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Normal Development of Brain Circuits

* Frumur tengdar saman med floknu kerfi

* Nokkur svaedi af frumukerfi i heilaberki og grau kjornum heilans tengjast
saman og proa med sér samtvinnad kerfi sem vinnur ur upplysingum eda
hvetur til adgerda

* Akvedin netkerfi heilafruma sem tengist saman med akvednum haetti skiptist
a rafefnafraedilegum bodum og motast um leid.

* Eitt netkerfi getur leitt til pess ad 6nnur netkerfi i heila virkjast lika og taka
breytingum eftir virkni pess

* Netkerfi i mismunandi heilasvaedum virkjast og vinna med gridarlegt magn
upplysinga samtimis

» Samstilling kerfanna, tauganets heilans, tekur langan tima hja mannfolki

* “the development of the brain's circuitry requires the coordination of an extraordinarily
complex set of neurodevelopmental events”

Tau & Peterson_2010



Normal Development of Brain Circuits tau s peterson_2010
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Surface area and cortical folding increase

Structural networks develop

Hesting state nelworks davelop

Corbical specialization to social stimull

Function and structure ralationships

Atypical brain davelopment in ASD

Haartsen_2016. Human brain development over the early years.
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Samspil gena og umhverfis a heilaproska



Functional Connectivity of the Infant

Vandi i Human Brain: Plastic and Modifiable
taugaproska og
gedraskanir
eru oftast
medfaeddar

Normal Brain Development

Forvorn og
snemmtaek

ihlutun

Genetic mikilveeg

Influences

Environmental
Influences

Age

Birtingatimi
einkenna

mismunandi tential Optimal

Identification of ntervention Windows

Prenatal Dispositions Birth

Hvenaer og hvernig er best ad hafa ahrif til hins betra

med , snemmtaekri ihlutun“




Einhverfa og ahaettupaettir

Karimi_2017_Environmental factors influencing the risk of autism

Risk factors

Positive and negative
association with autism

Parental age

Paternal age

Maternal age

Birth order

Maternal physical diseases
Preeclampsia

Maternal gestational diabetes

Hypertension/edema

Nausea/vomiting

Other maternal diseases including psoriasis, asthma, hay fever, atopic
dermatitis, rheumatoid arthritis, celiac disease, and mastocytosis

Maternal bleeding during pregnancy
Infections during pregnancy
Bacterial infection*

Viral infection*

Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative

Positive
Negative
Positive
Negative
Positive
Negative
Positive
Positive

Positive
Positive
Positive
Positive

Maternal mental diseases
Schizophrenia
Depression

Anxiety and stress

Personality disorders

Infant gender

Existence of>1 affected sibling
Maternal prenatal medication use

Antiepileptic drugs

Psychotropic drugs

Antidepressant drugs

Beta 2 adrenergic agonist drugs
Paracetamol (acetaminophen)

Antipyretics

Thalidomide

Misoprostol

Exposure to certain chemicals heavy metals
Pesticides

Air pollutants

P-CB*
PBDE®

PAHe
Familial socioeconomic status
Economic situation

Social status

Educational level
Mother born abroad

Cigarettes or alcohol addiction of one parent

Maternal iron, folate, and methionine deficiency

Maternal vitamin deficiency
Weight gain during pregnancy
Threatened abortion

Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

Positive

Positive
Negative
Positive

Positive
Positive
Negative
Positive
Negative
Positive
Positive
Positive
Positive

3Polychlorinated biphenyls, "Polybrominated diphenyl! ether, “Polycyclic aromatic hydrocarbons



Rate Of de novo mutationS and the A Kong et al. Nature 488, 471-475 (2012) doi:10.1038/nature11396
importance of father’s age to disease risk

Augustine Kong', Miclael L. Frigge', Gisli Masson', Soren Besenbacher'”, Patrick Sulem’, Gisli Magnusson',

Sigurjon A. Gudjonsson', Asgeir Sigurdsson', Asliug lonasdotir’, mzlbyugm-.asm:m‘. Wendy S. W. Worg”,

Gunmar Sigurdsson’, G. Bragi Walters, Stacy Steinberg’, Hannes Helgason', Gudimar Thorleifsson', Daniel F. Gudbjartsson’,
Agnar Helgason'™, Olafur Th, Magousson', Unmr Thorsteirsdottir'~ & Kari Stefarsson ™

Father’s age and number of de novo mutations.
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Nature vs nurture: badir paettir tvinnast alltaf saman

The bidirectional nature of epigenetic processes

Bidirectional Influences

Environment

(Physical, Social, Cultural) /\/\/V\
Behaviour /\NW

D> Individual development —»

Neural activity

Genetic activity

Gottlieb, G. (2001). Individual development and evolution: The genesis of novel behavior.



How Early Experiences Alter Gene Expression and Shape Development

@EXTERNAL EXPERIENCES
(e.g., stress, nutrition, toxins)
spark signals belween neurons _@ GENE REGULATORY PROTEINS
attract or repel enzymes that
(2)NEURAL SIGNALS launch . add or remove epigenetic markers
production of gene regulatory 7
proteins inside cell )

@EPIGENETIC “MARKERS” control
where and how much protein is made
by a gene, effectively turning a gene
“on™ or “off,” thereby shaping how

brains and bodies develop

GENE - a specific
segment of a
DNA strand

.--\
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— DNA strands encircle histones that determine
whether or not the gene is “readable” by the cell

NEURON (brain cell)

~ —LHROMOSOME can pass
on genes to next generation




Faerni Mozarts geeti hafa tengst “gene-
environment interactions”

Mozart. Faeddur 27. jan. 1756. Dainn 5. des. 1791, 35 ara.

* Genotype-environment correlations

* bad pykir liklegt ad feerni hans hafilegid i
genamengi hans (erfd)

e foreldrar badi i tonlist + tonlistarheimili

* “environmental components, potentially
inflated the contribution of heritable

effects”

* Gene-environment interactions
* umhverfi getur magnad (amplify) erfdir




Genetic factors

Key competencies

Erfdafraedilegir battir hafa ahrif 4 faerni barns til  FATY YN

EARLY INTERVENTION FOUNDATION.

a0 atta sig a skilningi hluta og samspili peirra

e pad hefur komid nokkud a évart hvad erfdafraedileg ahrif virdist litil a fyrstu arum
i lifi barns a feerni barna vid ad atta sig a tilgangi hluta og hvernig a ad hondla
hluti, en petta er einn af grunnpattum vitsmunaproska (intelligence).

* Tengsl pess a0 gera sér grein fyrir tilgangi hluta, er minni a fyrstu seviarum barns
* pad eru nanast engin erfdafreedileg tengsl vid vitsmunaproska a fyrstu tvo arin
e Um 0,20 a leikskdlaarum
* Um 0,40 a efri arum i grunnskodla
* Um 0,6 pegar fullordinsarum er nad

The Paradox of Intelligence: Heritability and Malleability Coexist
in Hidden Gene-Environment Interplay Sauce & Matzel, 2018.

Attleidingarannsdknir, tviburarannsdknir, 1Q aukning a milli kynsléda (,,Flynn effect”) stydja motunarahrif umhverfis



Samspil erfda og umhverfis

Pannig virdist verda akvedin mognun (amplification) a ahrifum erfda
fram eftir aldri einstaklinga og umhverfispaettir hafa liklega mikil ahrif
bar a.

Sumir telja ad akvedinn erfdafraedilegur grunnur, studli ad feerni barns
til ad hafa jakveed ahrif a umoénnunadila sinn eda kennara i sinn garo.
bannig a0 erfdafraedilega akvoroud feerni barnsins hafi magnandi ahrif
a feerni pess fram eftir aldri, p.e. faerni pess kallar eftir jakveedum
viobrogdum umhverfis | pess gard og pess pagu og magnar pannig sina
medfaeddu erfdafraedilegu eiginleika med jakveedri endurgjof fra

umhverfi. .
Key competencies

in early cognitive
development

EARLY INTERVENTION FOUNDATION.
Des. 2018



Ritchi, et al. Developmental Psychology. 2015.

Is Education Associated With Improvements in General Cognitive Ability,
or in Specific Skills?

 Skosk rannsokn sem gerd var til ad meta hvort kennsla/ndm hafi bein
ahrif a edlisgreind?
* Lothian birth-cohort, argangur feeddur 1936

* peir gerdu flokna tolfredilega urvinnslu “structural equation
modelling” a gognum um 1000 einstaklinga (n= 1,091, a longitudinal
sample), par sem 16gd voru 1Q verkefnid fyrir somu einstaklingana vid
11 ara og 70 ara aldur.



[s Education Associated With Improvements in General Cognitive Ability,

or in SpeCItIC Sl\lllﬁ‘) Ritchi, et al. Developmental Psychology. 2015.

Lothian birth-cohort,
arg. 1936. N=1091.

Age 1
MHT

Years of
Education

A8 N1

Age 70 Matrix ,\'I':r':‘;f Symbol Block sD:?z:;)l Logical Digit Span g::::d' Spatial
MHT Reasoning Seq. Search Design )S'ub‘ Memory Backwards oy Span
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Markviss kennsla hefur jakvaed ahrif a afmarkada faerni og eykur akvedna pekkingu sem skilar sér i betri faerni a einstokum
profpattum greindarproéfa. Haekkar pannig IQ en ad pvi er virdist ekki med pvi ad baetta grunngreind (edlisgreind)



Adldgun taugakerfis

* Haegt er ad syna med ymsu moti hvernig mismunandur a areiti fra
skynfeerum (umhverfi) hafi veruleg ahrif a heilaproska

Skuggaefnisupptak
a i heilaberki vid

Skuggaefnisupptaka 18 manada aldur

i heilaberki vio

(hja apa) eftir ad
hafa lepp yfir 6dru
auga fra 2 vikna
aldri

edlilegar adstaedur

Stile et al, 2010.



Review

' ) NEONATE 2 YEARS
Rapid infant prefrontal cortex development and sensitivity to early

environmental experience Cortical Thickness

o

Amanda S. Hodel o

; ; AN
mstieure of Child Development, Untversity of Mimesotg, Unired Seates Iaf@m’ 0" ‘ | A

* Visbendingar pessararar rannsoknar rad ;Q"
eru i ad heilaborkur framheila er =

virkari hja unga bornum en adur var
talio. Myelination (MWF)

* 2 manada ungabarn synir virkni i
framheila vid ad skoda andlit, en e
enga virkni pegar hlutur er settur
fyrir framan augun.

* Framheilinn, svaedid sem seinna
verdur adalmalstéd, synir virkni i
ungab6rnum vid ad heyra Default Mode
tungumalid, ad veita athygli og skoda Notwork
nyja hluti

lateral

Developmental Review 48 (2018) 113-144




Neering maedra + ungbarna mikilveeg

* GOdur protin, jarn, jod og kopar buskapur hafdi jakved tengsl vid
utkomu a verklegum pattum (“object manipulation”) a Bayley
ungbarnaproskaprofun a seinna ungbarnaskeidi

* A0 auka fiturik matvaeli ur fiskafurdum a medgoéngutima

» hefur jakvaed ahrif a taugaproska ungra barna

e petta kemur medal annars fram i rannsokninni; “Avon Longitudinal Study of Parents and
Children” (ALSPAC), which observed that increased

e a0 auka fiskmaltidir i 3 eda fleiri &8 viku a medgongu hafdi marktaek ahrif til ad auka
rokhugsun og pekkingu a nafni hluta (“knowledge of object names and cognitive
processing “vid 18 manada proskamat



Eiturlyf a medgodngu. Sleemt fyrir heila fosturs.

Alls 152 ungaborn (N=152):

45 kdkain-neysla @ medgongu
* 43 6nnur skadleg efni

64 ekki utsett fyrir skadleg efni

* Synt hefur verid fram a minnkad
graefni i framheila (heilborkur og
mandla (amygdala), auk 6edlilegra
tengslabrauta a milli heilabarkar i
framheila, méndlu og undirstuku
(thalamus) hja nyburum maedra
sem neyttu kékains a medgongu.

e Leidrétt var fyrir neyslu afengis,

reykingum og kannabisneyslu, en
sa hopur syndi einnig fravik midad

V| 6 nyb uram aa Fa sem | |f6 u a, N Disruption of amygdala functional
. (A) Visualization of the subcluster (highlighted in
N eySI Uus ka 6 an d | Efn d red) that shows cocaine specific disruptions in

functional connectivity within a big cluster showing
overall drug-common effects (blue).
Heimild: Salzwedel og fél. 2015.



Ahrif uppbyggilegs umhverfis

* Fronsk aettleidingarannsokn nadi til 65 barna
» fEttleidd fremur seint (4-6 ara)
* Medal-1Q/DQ var 77 fyrir settleidingu

* Malingar a unglingsarum syndu marktaeka haekkun a IQ

* Haekkunun var had félagslegri stodu (SES) fjolskyldunnar sem attleiddi barnid
* haekkunin (medaltal) var 7,7 1Q stig hja fjolskyldu med laegra SES
* haekkunin (medaltal) var 19,5 1Q hja fjolskyldu med heaerra SES

 Til ad setja petta i samhengi pa er adili sem utskrifast ur haskélanami med um
15 stiga haerra 1Q ad medtali heldur en medaltalid segir til um (100) students

The Paradox of Intelligence: Heritability and Malleability Coexist
in Hidden Gene-Environment Interplay
Sauce, Matzel_2018

How can we boost 1Qs of “dull children”?: A late adoption study
Dyme et al. 1999. Proc. Natl. Acad. Sci. USA



4 Maturation Interactive specialization  Training/
Skill learni

: . —» Age
Birth Childhood Adolescence

Current Opinion in Behavioral Sciences

Torkel Klingberg. 2016. Neural basis of cognitive training and development. Department of Neuroscience, Karolinska.



Starfraen tengslanets seguldOmun (Functional connectivity MRI (fcMRI))

“neurons firing together wiring together,”

https://www.wired.co.uk/gallery/developing-human-connectome-project



Rapid spine stabilization and synaptic enhancement at the onset

of behavioural learning
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Extraordinary neoteny of synaptic spines in the human prefrontal cortex
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FOUNDATION

Parent : Child and
Interparental Parenting
psychological conflict problems adolescent
distress problems

Economic
pressure

T o

-

Risk or protective factors

Engaging
disadvantaged and Nyleg skyrsla — ma hlada nidur fritt & pessari sl6d:

vulnerable parents
. . https://www.eif.org.uk/reports/engaging-disadvantaged-and-
An ewdence review vulnerable-parents-an-evidence-review

April 2019

Inés Pote, Lara Doubell, Lucy Brims, Judy Larbie, Laura Stock & Ben Lewing



https://www.eif.org.uk/reports/engaging-disadvantaged-and-vulnerable-parents-an-evidence-review

* Mikilveegi tengslamyndunar a milli modur og barns er vel pekkt en gildi
bess er liklega stundum ekki metid naegilega mikils (“old news”)

* Mikilvaegi tengslamyndunar barns vid adra fjolskyldumedlimi (fedur,
systkini, 0ommur og afa) (“semi-old news”)

e Ahrif bessarar mikilvaegu tengslamyndunar a heilaproska fyrstu seviar barns
er ad birtast a sidustu arum (“new news”)

e Og ahrif félagslegra samskipta ut fyrir nanustu fjolskyldu virdist lika mjo
mikilveegt (jafnaldrar, leikskélakennarar, nagrannar o.fl.) (“even newer”F

. Fv}iﬁar eru born metin meira af pvi sem pau gera, fa jakvaeda endurgjof, heldur en ut
rd hlutverki/tilgangi peirra i lifi ndnustu umoénnunaradila

* Meiri skilningur a mikilveegi fjolbreyttrar 6rvunar og 6ryggi a proska barna
frélffaegiggu hefur studlad ad verulega breyttri hugsun i stefnumotun tengt
velferd barna

https://46y5eh11fhgw3ve3ytpwxtor-wpengine.netdna-ssl.com/wp-content/uploads/2004/04/Young-Children-Develop-in-an-Environment-of-
Relationships.pdf



https://46y5eh11fhgw3ve3ytpwxt9r-wpengine.netdna-ssl.com/wp-content/uploads/2004/04/Young-Children-Develop-in-an-Environment-of-Relationships.pdf

The brain’s ability to change The amount of effort
in response to experiences such change requires

246810 20 30 40 50 60 70
AGE SOURCE: LEVITT (2009)
Center on the Developing Child @ naRvarD UNIVERSITY www.developingchild.harvard.edu

https://developingchild.harvard.edu/about/what-we-do/global-work/saving-brains/

https://developingchild.harvard.edu/science/key-concepts/brain-architecture/



https://developingchild.harvard.edu/about/what-we-do/global-work/saving-brains/

Invest in Early Childhood
Development for the Highest Returns

Returns Per Annum to a Unit Dollar Invested

<— Prenatal programs

<— Programs targeted toward the earliest years

<— Job Training

Rate of Return to Investment in Human Capital

0
Prenatal 0-3 4-5 School Post-School © 2013 Heckman Equation
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