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EVOLUTIONEVOLUTION
OR  INTELLIGENT DESIGNOR  INTELLIGENT DESIGN

The social science that studies The social science that studies 
the origins and social relationships the origins and social relationships 
of human beings.of human beings.

1000 million years1000 million years

100 million years100 million years

10 million  years10 million  years

4,6 billion years 4,6 billion years –– earth formsearth forms

230 million years DINOSAURS230 million years DINOSAURS

200 million years 200 million years –– MAMMALSMAMMALS

50 million years 50 million years –– PRIMATESPRIMATES

6 million years 6 million years –– HOMINIDSHOMINIDS

1 million years 1 million years –– Homo sppHomo spp
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BIOLOGICAL ORIGINS

1000 million years1000 million years

100 million years100 million years

10 million  years10 million  years

4 million years4 million years

210 mya 210 mya –– MILK first appearsMILK first appears
MORGANUCODONTIDSMORGANUCODONTIDS

200 mya 200 mya –– MONOTREMESMONOTREMES
-- MARSUPIALSMARSUPIALS

175 mya 175 mya –– PROTOPLACENTALSPROTOPLACENTALS

125 mya 125 mya –– PLACENTALPLACENTAL
(Gondwana split)(Gondwana split)

65 mya  65 mya  -- Dinosaurs extinctDinosaurs extinct
60 mya  60 mya  -- Mammals diversifyMammals diversify

50 mya  50 mya  -- PRIMATESPRIMATES
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BIOLOGICAL ORIGINS
210 mya 210 mya –– MILK first appearsMILK first appears

MORGANUCODONTIDSMORGANUCODONTIDS
(Little known (Little known –– long extinct)long extinct)

200 mya 200 mya ––
MONOTREMES ( Echidna, platypus)MONOTREMES ( Echidna, platypus)

Milk from modified sweat glandsMilk from modified sweat glands
Newborn requires some Newborn requires some 

maturity to lap milk !maturity to lap milk !

Female duckFemale duck--billed platypusbilled platypus

•• Incubates eggs Incubates eggs 
safely inside a safely inside a 
grassgrass--lined burrow;lined burrow;

•• Sealed up with Sealed up with 
their mother, their mother, 
hatchlings feed on hatchlings feed on 
milk dripping from milk dripping from 
hairs surrounding a hairs surrounding a 
teatless milkteatless milk--
producing glandproducing gland

–– (J McKenna)(J McKenna)

200 mya 200 mya ––
MARSUPIALS ( Kangaroo, wombat)MARSUPIALS ( Kangaroo, wombat)

Invented the  NIPPLE  Invented the  NIPPLE  
(glands concentrated)(glands concentrated)

?Immunological solution ?Immunological solution ––
expel fetus early expel fetus early ……

Fetus is Fetus is exceptionally  immature ! exceptionally  immature ! 
Fetus is Fetus is exceptionally competent  !!!exceptionally competent  !!!

but depends on nipple and pouch.but depends on nipple and pouch.



(Marsupials: front feet to get to pouch,(Marsupials: front feet to get to pouch,
restricts opportunity to diversify.)restricts opportunity to diversify.)

EXTREMELY EXTREMELY 

SUCCESSFUL !!SUCCESSFUL !!

1000 million years1000 million years

100 million years100 million years

10 million  years10 million  years

4 million years4 million years

210 mya 210 mya –– MILK first appearsMILK first appears
MORGANUCODONTIDSMORGANUCODONTIDS

200 mya 200 mya –– MONOTREMESMONOTREMES
-- MARSUPIALSMARSUPIALS

175 mya 175 mya –– PROTOPLACENTALSPROTOPLACENTALS

125 mya 125 mya –– PLACENTALPLACENTAL
(Gondwana split)(Gondwana split)

65 mya  65 mya  -- Dinosaurs extinctDinosaurs extinct
60 mya  60 mya  -- Mammals diversifyMammals diversify

50 mya  50 mya  -- PRIMATESPRIMATES
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BIOLOGICAL ORIGINS

175 mya 175 mya –– PROTOPLACENTALSPROTOPLACENTALS
Immunological challenge overcomeImmunological challenge overcome

175 mya 175 mya –– PROTOPLACENTALSPROTOPLACENTALS
Immunological challenge overcomeImmunological challenge overcome

125 mya 125 mya –– PLACENTALPLACENTAL ((Eomaia Eomaia –– dawn motherdawn mother))

Placenta allows Placenta allows ““forceforce--feedingfeeding””
GAIN = more mature youngGAIN = more mature young
GAIN = greater diversity (foreGAIN = greater diversity (fore--arms)arms)
RISK  = greater energy investmentRISK  = greater energy investment

Mammalian care patternsMammalian care patterns

Different mammals have Different mammals have 
evolved different evolved different 
newborn care patterns newborn care patterns 
depending on their depending on their 
cirucmstancescirucmstances

40 million years40 million years ––
PRIMATESPRIMATES

Newborn apes haveNewborn apes have
a powerful grasp a powerful grasp 
reflex, due to reflex, due to 
quadrupedal gait.quadrupedal gait.

They are They are 
““carry feederscarry feeders””
And they feedAnd they feed
““continuouslycontinuously””

EVOLUTIONARY DEVELOPMENT OF MANEVOLUTIONARY DEVELOPMENT OF MAN
PRIMATE stagePRIMATE stage

BIPEDALISM BIPEDALISM –– hominidhominid
TOOL USE TOOL USE –– Homo sppHomo spp

ENCEPHALISATION ENCEPHALISATION –– Homo sapiensHomo sapiens
AGRICULTURAL revolutionAGRICULTURAL revolution

INDUSTRIAL revolutionINDUSTRIAL revolution
TECHNOLOGY TECHNOLOGY ……..

EVOLUTIONARY DEVELOPMENT OF MANEVOLUTIONARY DEVELOPMENT OF MAN
PRIMATE stagePRIMATE stage

BIPEDALISM BIPEDALISM –– hominidhominid
TOOL USE TOOL USE –– Homo sppHomo spp

ENCEPHALISATION ENCEPHALISATION –– Homo sapiensHomo sapiens
AGRICULTURAL revolutionAGRICULTURAL revolution

INDUSTRIAL revolutionINDUSTRIAL revolution
TECHNOLOGY TECHNOLOGY ……..

advances ??advances ??



INCREASED INCREASED 
BRAIN SIZEBRAIN SIZE

TOOL USETOOL USE
&&

LANGUAGELANGUAGE

BIPEDALISM &BIPEDALISM &
NARROWER NARROWER 

PELVISPELVIS

About one millionAbout one million
years ago, years ago, 

the brain sizethe brain size
started increasingstarted increasing

= = encephalisationencephalisation

PROBLEM  ! ! !PROBLEM  ! ! !
INCREASED INCREASED 
BRAIN SIZEBRAIN SIZE

TOOL USETOOL USE
&&

LANGUAGELANGUAGE

BIPEDALISM &BIPEDALISM &
NARROWER NARROWER 

PELVISPELVIS
…… PROBLEM  ?PROBLEM  ?

How is the biggerHow is the bigger
head going to be head going to be 
born out of the born out of the 
smaller pelvis ??smaller pelvis ??

INCREASED INCREASED 
BRAIN SIZEBRAIN SIZE

TOOL USETOOL USE
&&

LANGUAGELANGUAGE

BIPEDALISM &BIPEDALISM &
NARROWER NARROWER 

PELVISPELVIS

EXCEEDINGLY EXCEEDINGLY 
IMMATURE IMMATURE 
BIRTHBIRTH

SOLUTION SOLUTION ……

INCREASED INCREASED 
BRAIN SIZEBRAIN SIZE

TOOL USETOOL USE
&&

LANGUAGELANGUAGE

BIPEDALISM &BIPEDALISM &
NARROWER NARROWER 

PELVISPELVIS

EXCEEDINGLY EXCEEDINGLY 
IMMATURE IMMATURE 
BIRTHBIRTH““THE EVOLUTIONARY COMPROMISETHE EVOLUTIONARY COMPROMISE””

Bipedalism and encephalisation    (McKenna et al 1993)Bipedalism and encephalisation    (McKenna et al 1993)

SOLUTION:  SOLUTION:  ““the birth of the birth of 
exceedingly neurologically exceedingly neurologically 
immature infants for whom immature infants for whom 
the majority of brain growth the majority of brain growth 
will occur postnatally and will occur postnatally and 
not in the womb.not in the womb.””

(McKenna 1993)(McKenna 1993)

•• The human The human 
““obstetrical obstetrical 

dilemmadilemma””::

•• Human Fetal Head Human Fetal Head 
Size ExceedsSize Exceeds
Outlet Dimensions Outlet Dimensions 
With Emergence of With Emergence of 
BipedalismBipedalism

•• (from J McKenna)(from J McKenna)

100%100%

25%25%

0%0%
ADULTADULTBIRTHBIRTH

CONCEPTIONCONCEPTION

FETUSFETUS NEWBORNNEWBORN

In all mammals, In all mammals, 
brain grows inbrain grows in
utero until it utero until it 
reaches 80% ofreaches 80% of
full adult size full adult size ……..

…… then BIRTHthen BIRTH
…… then the brain then the brain 
grows the last grows the last 
20% to final20% to final
full adult size. full adult size. 

80%80%

100%100%

25%25%

0%0%

Homo sapiens Homo sapiens 
= HUMAN= HUMAN

also has a brain also has a brain 
that grows along  that grows along  
this pattern this pattern ……

…… the brainthe brain
reaches 80% reaches 80% 
of final size of final size 
at the age ofat the age of
21 months21 months

EXPECTEDEXPECTED
BIRTHBIRTH

21/1221/12

100%100%

25%25%

0%0%

Actual birth Actual birth 
takes place at takes place at 

9 months 9 months ……

…… which makeswhich makes
the human birththe human birth
one year too soon:one year too soon:

EXCEEDINGLY EXCEEDINGLY 
IMMATUREIMMATURE

EXPECTEDEXPECTED
BIRTHBIRTH

21/1221/12

ACTUALACTUAL
BIRTHBIRTH

9/129/12



100%100%

25%25%

0%0%

HumansHumans
essentiallyessentially
completecomplete
gestation gestation 
OUTSIDE OUTSIDE 
THE WOMBTHE WOMB..

EXPECTEDEXPECTED
BIRTHBIRTH

21/1221/12

ACTUALACTUAL
BIRTHBIRTH

9/129/12

100%100%

25%25%

0%0%

A fulltermA fullterm
newborn hasnewborn has
12 months12 months
of gestationof gestation
to complete !to complete !

EXPECTEDEXPECTED
BIRTHBIRTH

21/1221/12

ACTUALACTUAL
BIRTHBIRTH

9/129/12

OxygenationOxygenation
WarmthWarmth
NutritionNutrition
ProtectionProtection

UTERUSUTERUS UMBILICAL CORDUMBILICAL CORD
++++++
--
++++++
++++

In the UTERINE HABITAT, the umbilical cord In the UTERINE HABITAT, the umbilical cord 
delivers all the basic biological needs to the fetus.delivers all the basic biological needs to the fetus.

The placenta via the umbilical cordThe placenta via the umbilical cord
is the means whereby the fetus is the means whereby the fetus 

CONTINUES ITS GESTATIONCONTINUES ITS GESTATION..

Human milk is the means Human milk is the means 
whereby the immature infant whereby the immature infant 
CONTINUES ITS GESTATIONCONTINUES ITS GESTATION..

OxygenationOxygenation
WarmthWarmth
NutritionNutrition
ProtectionProtection

CHESTCHEST MOTHERMOTHER’’S MILKS MILK
(BREAST)(BREAST)

(+)(+)
++
++++++
++++

In the NEWBORNS HABITAT, the In the NEWBORNS HABITAT, the mothermother’’s breasts breast
delivers all the basic biological needs to the fetus.delivers all the basic biological needs to the fetus.

OxygenationOxygenation
WarmthWarmth
NutritionNutrition
ProtectionProtection

UTERUSUTERUS UMBILICAL CORDUMBILICAL CORD
++++++
--
++++++
++++

OxygenationOxygenation
WarmthWarmth
NutritionNutrition
ProtectionProtection

CHESTCHEST MOTHERMOTHER’’S MILKS MILK
(BREAST)(BREAST)

(+)(+)
++
++++++
++++

Human milk is the means Human milk is the means 
whereby the immature infant whereby the immature infant 
CONTINUES ITS GESTATIONCONTINUES ITS GESTATION..

THE  CORRECT
HABITATHABITAT IS

MATERNAL-INFANT
SKIN-TO-SKIN 

CONTACT

SkinSkin--toto--skin contactskin contact,,
and and breastfeeding breastfeeding 

is the means whereby is the means whereby 
the immature infant the immature infant 

CONTINUES ITS CONTINUES ITS 
GESTATIONGESTATION..

100%100%

25%25%

0%0%

What if theWhat if the
gestationgestation
required isrequired is
14 months14 months
rather than rather than 
12 months?12 months?

EXPECTEDEXPECTED
BIRTHBIRTH

21/1221/12

ACTUALACTUAL
BIRTHBIRTH

77/12/12

9/129/12

If skinIf skin--toto--skin contactskin contact
is essential for theis essential for the

the immature newbornthe immature newborn,,

IS IT   MORE  ??IS IT   MORE  ??
OR   LESS  ??OR   LESS  ??

essential foressential for
the premature newbornthe premature newborn ????



100%100%

25%25%

0%0%

EXPECTEDEXPECTED
BIRTHBIRTH

21/1221/12

ACTUALACTUAL
BIRTHBIRTH

9/129/12

100%100%

25%25%

0%0%

EXPECTEDEXPECTED
BIRTHBIRTH

21/1221/12

ACTUALACTUAL
BIRTHBIRTH

77/12/12

9/129/12

100%100%

25%25%

0%0%

EXPECTEDEXPECTED
BIRTHBIRTH

21/1221/12

ACTUALACTUAL
BIRTHBIRTH

77/12/12

9/129/12

100%100%

25%25%

0%0%

EXPECTEDEXPECTED
BIRTHBIRTH

21/1221/12

ACTUALACTUAL
BIRTHBIRTH

77/12/12

9/129/12

SkinSkin--toto--skinskin
contact iscontact is

ESSENTIALESSENTIAL
if prematureif premature

SkinSkin--toto--skin contactskin contact,,
and and breastfeeding breastfeeding 

is the means whereby is the means whereby 
the immature infant the immature infant 

CONTINUES ITS CONTINUES ITS 
GESTATIONGESTATION..

SkinSkin--toto--skin contactskin contact,,
and and breastfeeding breastfeeding 

is the means whereby is the means whereby 
the the prematurepremature infant infant 

CONTINUES ITS CONTINUES ITS 
GESTATIONGESTATION..

THE  CORRECT
HABITATHABITAT

IS  EVEN MORE 
ESSENTIAL IN

PREMATURITYPREMATURITY

BASIC ASSUMPTIONS:
BRAIN GROWS LINEARLY, 

BY GENETIC MATURATION
FOUNDATION / PLATFORM / BASE

SurvivalSurvival

““EEAEEA””
Environment ofEnvironment of
Evolutionary Evolutionary 
AdaptednessAdaptedness



““EnvironmentEnvironment””
is the usual place andis the usual place and
context for which thecontext for which the
genes have adjustedgenes have adjusted

““EvolutionaryEvolutionary””
genes are coded togenes are coded to
respond or expressrespond or express
at specific timesat specific times

““AdaptednessAdaptedness””
the genes have certainthe genes have certain
““resilienceresilience”” and abilityand ability
to adjust to changesto adjust to changes

““EnvironmentEnvironment””
can becan be

BENIGNBENIGN
MALEVOLENTMALEVOLENT
UNSUITABLEUNSUITABLE

GENES HAVE A CERTAINGENES HAVE A CERTAIN
EXPECTATION OF THE EXPECTATION OF THE 
ENVIRONMENT ....  ENVIRONMENT ....  ““IDEALIDEAL””

THIS EXPECTATION MATCHESTHIS EXPECTATION MATCHES
THE OPTIMAL DEVELOPMENTTHE OPTIMAL DEVELOPMENT
OF THE INDIVIDUAL OF THE INDIVIDUAL 
AND THE SURVIVAL OF SPECIES.AND THE SURVIVAL OF SPECIES. idealideal benignbenign malevolentmalevolent unsuitableunsuitableop
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The further the realityThe further the reality
is from the is from the ““idealideal””, the more, the more
RESILIENCE IS REQUIREDRESILIENCE IS REQUIRED

There are limits to resilience ...There are limits to resilience ...

when exceeded when exceeded consequences !consequences !
idealideal benignbenign malevolentmalevolentop

ti
m
al
 d

ev
el
op

m
en

t 
or

 o
ut

co
m
e

op
ti
m
al
 d

ev
el
op

m
en

t 
or

 o
ut

co
m
e



idealideal benignbenign malevolentmalevolent unsuitableunsuitableop
ti
m
al
 d

ev
el
op

m
en

t 
or

 o
ut

co
m
e

op
ti
m
al
 d

ev
el
op

m
en

t 
or

 o
ut

co
m
e

idealideal benignbenign malevolentmalevolent unsuitableunsuitableop
ti
m
al
 d

ev
el
op

m
en

t 
or

 o
ut

co
m
e

op
ti
m
al
 d

ev
el
op

m
en

t 
or

 o
ut

co
m
e

RE
SI

LI
EN

CE
RE

SI
LI

EN
CE

Genes change
if given time

Species >>
individual

Species =
individual
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ALLOSTATIC
LOAD
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ALLOSTATIC
LOAD

Quality loss
Health impact

Life span loss

Social 
consequences

Reproductive
failure

AN EVOLUTIONARY AN EVOLUTIONARY 
PERSPECTIVEPERSPECTIVE

•• Early stress produces alterations in Early stress produces alterations in 
brain function and disrupts normal brain function and disrupts normal 
brain development.brain development.

•• The developing brain copes adaptively The developing brain copes adaptively 
to early stress.to early stress.

•• Developmental neurobiology of childhood stress and trauma, MartiDevelopmental neurobiology of childhood stress and trauma, Martin n 
H Teicher et al, Psychiatr Clin N Am 25 (2002) 397H Teicher et al, Psychiatr Clin N Am 25 (2002) 397--426.426.

•• Scars that wonScars that won’’t heal: The neurobiology of Child Abuse, Martin H t heal: The neurobiology of Child Abuse, Martin H 
Teicher, Scientific American March 2002 54Teicher, Scientific American March 2002 54--61.61.

Adaptive Changes to stressAdaptive Changes to stress
BRAIN CHANGESBRAIN CHANGES CONSEQUENCE CONSEQUENCE 

AMYGDALAAMYGDALA changes     changes     fightfight--flight response flight response 
limbic irritability limbic irritability aggressiveaggressive defence.defence.

HIPPOCAMPUSHIPPOCAMPUS dissociation dissociation defencedefence..

Left Left HEMISPHEREHEMISPHERE
diminished maturation diminished maturation augmented augmented angeranger
less R less R -- L integration L integration more aggression.more aggression.

Vermal development  Vermal development  limbic limbic irritabilityirritability, , 
((CEREBELLUMCEREBELLUM)) maintains maintains hyperarousalhyperarousal

sympathetic activationsympathetic activation

Adaptive Changes to stressAdaptive Changes to stress
HORMONE CHANGES    HORMONE CHANGES    CONSEQUENCE CONSEQUENCE 
Early stress produces a lifeEarly stress produces a life--longlong ::

VASOPRESSINVASOPRESSIN increaseincrease
Enhanced sexual arousalEnhanced sexual arousal

OXYTOCINOXYTOCIN reduction reduction 
Diminished sexual fulfillmentDiminished sexual fulfillment

Deficient commitment to a single partnerDeficient commitment to a single partner

PromiscuityPromiscuity ::
Reproductive success in times of dangerReproductive success in times of danger

In a malevolent worldIn a malevolent world……
Important for survival and Important for survival and 

reproductive successreproductive success to:to:

•• Maintain a Maintain a state of vigilancestate of vigilance and and 
suspiciousness to detect danger.suspiciousness to detect danger.

•• Mobilize an Mobilize an intense fightintense fight--flightflight
response.response.

•• React aggressivelyReact aggressively to challenge to challenge 
without hesitation.without hesitation.

idealideal benignbenign malevolentmalevolent unsuitableunsuitable
PRIORITY: AGGRESSIONPRIORITY: AGGRESSION

and RAPID REPRODUCTIONand RAPID REPRODUCTION
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ALLOSTATIC
LOAD

Quality loss
Health impact

Life span loss

Social 
consequences

Reproductive
failure

““EvolutionaryEvolutionary””
the genes ensurethe genes ensure
species survival inspecies survival in
malevolence ... anmalevolence ... an
alternative programalternative program

Belsky et al. Child Development 1991; Vol 62(4): 647Belsky et al. Child Development 1991; Vol 62(4): 647--670670
Childhood Experience, Interpersonal Development, and ReproductivChildhood Experience, Interpersonal Development, and Reproductive e 
Strategy: An evolutionary Theory of Socialization.Strategy: An evolutionary Theory of Socialization.

BREAST- VAGAL
MOTHER FEEDING (PSNS) GROWTH

OTHER PROTEST- STRESS SURVIVAL or
DESPAIR (SNS)

SKIN-TO-SKIN CONTACT

SEPARATION

THE PLACE MODELTHE PLACE MODEL

SKIN-TO-SKIN CONTACT

SEPARATION

BREAST- VAGAL
MOTHER FEEDING (PSNS) GROWTH

OTHER PROTEST- STRESS SURVIVAL or
DESPAIR (SNS)

BENIGNBENIGN

MALEVOLENTMALEVOLENT

Developing Developing 
Brain Brain (1)(1)

NeurogenesisNeurogenesis
Neural morphologyNeural morphology

SynaptogenesisSynaptogenesis
MyelinationMyelination

Early Early 
Stress Stress (2)(2)
Neuronal death, smaller brainNeuronal death, smaller brain
Fewer dendritic spinesFewer dendritic spines
Poorer connectionsPoorer connections
Fewer glial cells, less myelinFewer glial cells, less myelin

Sensitivity  (3)Sensitivity  (3)
GeneticGenetic
GenderGender
TimingTiming

Developmental rateDevelopmental rate
GCR densityGCR density

Enduring   (4)Enduring   (4)
consequencesconsequences

Attenuated L brain devlopmentAttenuated L brain devlopment
Poor R / L integrationPoor R / L integration
Irritability limbic systemIrritability limbic system
Poorer function vermisPoorer function vermis

Neuropsychiatric Neuropsychiatric 
vulnerabilitiesvulnerabilities (5)(5)

Dissociative identity disorderDissociative identity disorder
DepressionDepression Personality disorderPersonality disorder

Substance abuseSubstance abuse
Post Traumatic Stress DisorderPost Traumatic Stress Disorder

StimulationStimulation

ResilienceResilience

MENTAL HEALTHMENTAL HEALTH

TEICHERTEICHER’’SS
EARLY STRESSEARLY STRESS
CASCADE MODELCASCADE MODEL

ENVIRONMENTALENVIRONMENTAL
STRESSSTRESS
RESILIENCERESILIENCE

Population RESILIENCE: Population RESILIENCE: 
EEA boundariesEEA boundaries

Gaussian curveGaussian curve

Individual EEA borderIndividual EEA border

idealideal benignbenign malevolentmalevolent unsuitableunsuitable
PRIORITY: AGGRESSIONPRIORITY: AGGRESSION

and RAPID REPRODUCTIONand RAPID REPRODUCTION
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RESILIENCERESILIENCE

EnvironmentalEnvironmental
provocations:provocations:

EXPECTEDEXPECTED ACTUALACTUAL

Population RESILIENCE: Population RESILIENCE: 
EEA boundariesEEA boundaries

THRESHOLDTHRESHOLD
VARIABILITYVARIABILITY

RESILIENCERESILIENCE

EnvironmentalEnvironmental
provocations:provocations:

EXPECTEDEXPECTED ACTUALACTUAL

Population RESILIENCE: EEA boundariesPopulation RESILIENCE: EEA boundaries

THRESHOLDTHRESHOLD
VARIABILITYVARIABILITY

SUSCEPT
IBIL

ITY

RESILIENCERESILIENCE

EnvironmentalEnvironmental
provocations:provocations:

EXPECTEDEXPECTED ACTUALACTUAL

Population RESILIENCE: EEA boundariesPopulation RESILIENCE: EEA boundaries

THRESHOLDTHRESHOLD
VARIABILITYVARIABILITY

SUSCEPT
IBIL

ITY

MORBID
ITY



RESILIENCERESILIENCE

EnvironmentalEnvironmental
provocations:provocations:

EXPECTEDEXPECTED ACTUALACTUAL

Population RESILIENCE: EEA boundariesPopulation RESILIENCE: EEA boundaries

THRESHOLDTHRESHOLD
VARIABILITYVARIABILITY

SUSCEPT
IBIL

ITY

MORBID
ITY

MORTALITY

Effects of EEA violations:Effects of EEA violations:
depend on depend on 

the gene itselfthe gene itself
the timing of expressionthe timing of expression
the resilience the resilience 
the context (ext support)the context (ext support)
the available alternativesthe available alternatives

Caesarean section Caesarean section ““social reasonsocial reason””

USA USA 1998 to 2001  1998 to 2001  
BirthsBirths 5 762 0375 762 037
DeathsDeaths 11 897     (neonatal)11 897     (neonatal)

adjusted for low riskadjusted for low risk
and for sociodemographicand for sociodemographic

Neonatal mortality rate 2.14Neonatal mortality rate 2.14
(without adjustments 6.99)(without adjustments 6.99)

Neonatal Mortality Rate (NMR)Neonatal Mortality Rate (NMR)

All mothersAll mothers
NVDNVD C/SC/S RiskRisk

Early NMREarly NMR 0.330.33 1.071.07 3.23.2
Late NMRLate NMR 0.290.29 0.69   2.40.69   2.4
Post NMRPost NMR 1.441.44 1.801.80 1.31.3

Neonatal Mortality Rate (NMR)Neonatal Mortality Rate (NMR)

All mothersAll mothers MultipMultip
NVDNVD C/SC/S RiskRisk RiskRisk

Early NMREarly NMR 0.330.33 1.071.07 3.23.2 4.54.5
Late NMRLate NMR 0.290.29 0.69   2.40.69   2.4 2.92.9
Post NMRPost NMR 1.441.44 1.801.80 1.31.3 1.41.4

Neonatal Mortality Rate (NMR)Neonatal Mortality Rate (NMR)

All mothersAll mothers MultipMultip
NVDNVD C/SC/S RiskRisk RiskRisk

Early NMREarly NMR 0.330.33 1.071.07 3.23.2 4.54.5
Late NMRLate NMR 0.290.29 0.69   2.40.69   2.4 2.92.9
Post NMRPost NMR 1.441.44 1.801.80 1.31.3 1.41.4

HypoxiaHypoxia 2.22.2 14.714.7 6.76.7

““Differential widespreadDifferential widespread””

Neonatal Mortality Rate (NMR)Neonatal Mortality Rate (NMR)

All mothersAll mothers MultipMultip
NVDNVD C/SC/S RiskRisk RiskRisk

HypoxiaHypoxia 2.22.2 14.714.7 6.76.7

Respiratory distress:Respiratory distress:
C/S without labour  C/S without labour  35.535.5
C/S after labourC/S after labour 12.212.2
Normal vaginalNormal vaginal 5.35.3 RESILIENCERESILIENCE

EnvironmentalEnvironmental
provocations:provocations:

EXPECTEDEXPECTED ACTUALACTUAL

Population RESILIENCE: EEA boundariesPopulation RESILIENCE: EEA boundaries

THRESHOLDTHRESHOLD
VARIABILITYVARIABILITY
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MORTALITY

MORTALITY  X  3
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EnvironmentalEnvironmental
provocations:provocations:

EXPECTEDEXPECTED ACTUALACTUAL

Population RESILIENCE: EEA boundariesPopulation RESILIENCE: EEA boundaries

THRESHOLDTHRESHOLD
VARIABILITYVARIABILITY

SUSCEPT
IBIL

ITY

MORBID
ITY

MORTALITY

SUSCEPTIBILITY X 50

MORBIDITY   X 10
MORTALITY  X  3

BREAST- VAGAL
MOTHER FEEDING (PSNS) GROWTH

OTHER PROTEST- STRESS SURVIVAL or
DESPAIR (SNS)

SKIN-TO-SKIN CONTACT

SEPARATION

““biologically plausible mechanism ... biologically plausible mechanism ... ““ “Society reaps what it sows in the 
way that infants and children are 

treated. Efforts to reduce 
exposure to stress and abuse

in early life may have far-reaching 
impacts on medical and psychiatric 
health and may reduce aggression, 
suspicion and untoward stress in 

future generations.”
Martin H Teicher

“Society reaps what it sows in the way 
that infants and children are treated. 
Efforts to reduce exposure to stress 
and abuse (specifically MATERNAL 
INFANT SEPARATION Bergman)
in early life may have far-reaching 
impacts on medical and psychiatric 
health and may reduce aggression, 

suspicion and untoward stress in future 
generations.”

Martin H Teicher

April 09, 1998April 09, 1998
Children Need Touching andChildren Need Touching and
Attention, Harvard Researchers SayAttention, Harvard Researchers Say

The result, Commons and Miller said, The result, Commons and Miller said, 
is a nation that doesn't like caring is a nation that doesn't like caring 
for its own children, for its own children, 
a violent nation marked by loose, a violent nation marked by loose, 
nonphysical relationships.nonphysical relationships.
http://www.hno.harvard.edu/gazette/1998/04.09/ChildrenNeedTou.html
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LOAD

Quality loss
Health impact

Life span loss

Social 
consequences

Reproductive
failure

A Neurobehavioural A Neurobehavioural 
Approach toApproach to
BreastfeedingBreastfeeding

Dr Nils BergmanDr Nils Bergman

M.D.,M.D., M.P.H., Ph.D.M.P.H., Ph.D.

Cape Town, RSACape Town, RSA

www.kangaroomothercare.comwww.kangaroomothercare.com
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Sleep cyclingSleep cycling
Feeding frequencyFeeding frequency
Brain nutritionBrain nutrition
BRAIN WIRINGBRAIN WIRING
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BIRTHBIRTH

S S CS S C
Breastfeeding behaviourBreastfeeding behaviour
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Birth SkinBirth Skin--toto--Skin ContactSkin Contact
Ongoing SSCOngoing SSC
Breastfeeding behaviourBreastfeeding behaviour

Breastfeeding wiringBreastfeeding wiring
BREASTFEEDINGBREASTFEEDING

Sensory stimulationSensory stimulation
State organizationState organization
Sleep cyclingSleep cycling
Feeding frequencyFeeding frequency
Brain nutritionBrain nutrition

BRAIN WIRINGBRAIN WIRING

Animal literature does not talk Animal literature does not talk 
about mammalian lactation, about mammalian lactation, 
it talks about mammalian birth.it talks about mammalian birth.

Ruin the birth Ruin the birth –– andand
there is no lactationthere is no lactation

With a good birth, With a good birth, 
lactation followslactation follows

Diane Weissinger Diane Weissinger 

R ShoreR Shore

Critical period concept :Critical period concept :

““Windows of opportunity in early Windows of opportunity in early 
life when a childlife when a child’’s brain is s brain is 
exquisitely primed to receive exquisitely primed to receive 
sensory input in order to develop sensory input in order to develop 
more advanced neural systems.more advanced neural systems.””

SchoreSchore

Critical period :Critical period :

““Early interpersonal events Early interpersonal events 
positively positively and negativelyand negatively
impact the impact the 

structural  organisationstructural  organisation
of the brain.of the brain.””

The first hours after birth are a The first hours after birth are a 
CRITICAL PERIODCRITICAL PERIOD

mutual mutual 
psychopsycho--physiological physiological 

caregivers caregivers 

BREAST- VAGAL
MOTHER FEEDING (PSNS) GROWTH

OTHER PROTEST- STRESS SURVIVAL or
DESPAIR (SNS)

SKIN-TO-SKIN CONTACT

SEPARATION

NEW EVIDENCENEW EVIDENCE

OLD ASSUMPTIONSOLD ASSUMPTIONS
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In partnership with

Used with permission: Ruth Stanhiser, MDUsed with permission: Ruth Stanhiser, MD

Skin-to-skin and breastfeeding (4)
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Breastfeeding intention Skin-to-skin one hour Breastfeeding at discharge

Used with permission: Ruth Stanhiser, MDUsed with permission: Ruth Stanhiser, MD

How many mothers How many mothers 
in this room have in this room have 
breastfed their babies?breastfed their babies?

How many mothers How many mothers 
in this room had in this room had 
babies that breastfed?babies that breastfed?

BREASTFEEDING 
IS  A  BEHAVIOUR 
OF THE NEWBORN

BREASTFEEDING 
IS  A  BEHAVIOUR 
OF THE NEWBORN

Not the mother !!

The first hours after birth are a The first hours after birth are a 
CRITICAL PERIODCRITICAL PERIOD

mutual mutual 
psychopsycho--physiological physiological 

caregivers caregivers 

BREASTFEEDING =BREASTFEEDING =
A place dependent,A place dependent,
brainbrain--based behaviour   based behaviour   

of the newborn.of the newborn.

WHAT  IS 
BREASTFEEDING ?

Is breastfeeding
IMPORTANT ?

BREASTFEEDING =BREASTFEEDING =

Is more than eating: Is more than eating: 
primary purpose isprimary purpose is
BRAINBRAIN--WIRING !!WIRING !!



The brain is a 

SENSORY ORGAN
BREAST - FEEDING

=
BRAIN – WIRING

SOCIAL ORGAN

SENSORY STIMULATIONSENSORY STIMULATION

BODYBODY
LANGUAGELANGUAGE

AUTONOMICAUTONOMIC
BODY CONTROLBODY CONTROL

EMOTIONAL EXCHANGESEMOTIONAL EXCHANGES

COMMUNICATIONCOMMUNICATIONWELLWELL--BEINGBEING

SPEECHSPEECHHEALTHHEALTH
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Ongoing SSCOngoing SSC
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Breastfeeding wiringBreastfeeding wiring
BREASTFEEDINGBREASTFEEDING

Sensory stimulationSensory stimulation
State organizationState organization
Sleep cyclingSleep cycling
Feeding frequencyFeeding frequency
Brain nutritionBrain nutrition

BRAIN WIRINGBRAIN WIRING

Edmond et al, Pediatrics 2006Edmond et al, Pediatrics 2006

Rural GhanaRural Ghana (developing world)(developing world)
Large vitA trialLarge vitA trial (focus on mothers)(focus on mothers)
Separate studySeparate study (observe initiation time)(observe initiation time)

10947 babies born in one year10947 babies born in one year
good followup  (from larger trial)good followup  (from larger trial)

Breastfeeding INITIATIONBreastfeeding INITIATION

Breastfeeding start  Breastfeeding start  MortalityMortality aORaOR
before one hourbefore one hour 0.7%0.7% 11
between 1 & 24 hrsbetween 1 & 24 hrs 1.21.2 1.451.45

Breastfeeding INITIATIONBreastfeeding INITIATION

Breastfeeding start  Breastfeeding start  MortalityMortality aORaOR
before one hourbefore one hour 0.7%0.7% 11
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d4 or mored4 or more 4.24.2 4.44.4
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Breastfeeding INITIATIONBreastfeeding INITIATION

Breastfeeding start  Breastfeeding start  MortalityMortality aORaOR
before one hourbefore one hour 0.7%0.7% 11
between 1 & 24 hrsbetween 1 & 24 hrs 1.21.2 1.451.45

d2d2 2.32.3 2.72.7
d3d3 2.62.6 3.03.0
d4 or mored4 or more 4.24.2 4.44.4

Exclusive breastfeedingExclusive breastfeeding 1.11.1 11
predominant brfpredominant brf 1.61.6 1.41.4
partial breastfeedpartial breastfeed 5.65.6 4.54.5

THE POTENTIAL THE POTENTIAL ……

22% of deaths could be saved22% of deaths could be saved
800 000 800 000 deaths preventeddeaths prevented



The First HourThe First Hour

““Initiation of breastfeeding within the 1Initiation of breastfeeding within the 1stst hour of birth hour of birth 
is the first and most vital step towards reducing is the first and most vital step towards reducing 
infant and underinfant and under--five mortality, by reducing the five mortality, by reducing the 
overwhelmingly high neonatal mortality rate. overwhelmingly high neonatal mortality rate. 

““Save ONE million babies Save ONE million babies –– beginning with one beginning with one 
action, one hour support and one message: action, one hour support and one message: 
beginning breastfeeding within the 1beginning breastfeeding within the 1stst hour of birth!hour of birth!””

http://worldbreastfeedingweek.org/http://worldbreastfeedingweek.org/

Is breastfeeding
IMPORTANT ?

BREASTFEEDING =BREASTFEEDING =

Is more than eating: Is more than eating: 
primary purpose isprimary purpose is
BRAINBRAIN--WIRING !!WIRING !!

NOTHING CAN BE NOTHING CAN BE 
MORE IMPORTANT !!MORE IMPORTANT !!

BREAST- VAGAL
MOTHER FEEDING (PSNS) GROWTH

OTHER PROTEST- STRESS SURVIVAL or
DESPAIR (SNS)

SKIN-TO-SKIN CONTACT

SEPARATION

NEW EVIDENCENEW EVIDENCE

OLD ASSUMPTIONSOLD ASSUMPTIONS

Frontal alpha EEG asymmetryFrontal alpha EEG asymmetry
= a measure of temperament = a measure of temperament 

( i.e. ( i.e. traittrait emotion). emotion). 

an index of potential risk for an index of potential risk for 
emotionemotion--related psychopathology.related psychopathology.

a sizable literature ( +/a sizable literature ( +/-- 100 studies ) embeds the 100 studies ) embeds the 
measure in a network of psychological and behavioural measure in a network of psychological and behavioural 
constructs, thus bestowing frontal EEG asymmetry with constructs, thus bestowing frontal EEG asymmetry with 
sizable construct validity as a measure of an underlying sizable construct validity as a measure of an underlying 
approachapproach--related or withdrawalrelated or withdrawal--related motivational style,related motivational style,
or as an index of potential risk for or as an index of potential risk for 

emotionemotion--related psychopathology. related psychopathology. 

Frontal alpha EEG asymmetryFrontal alpha EEG asymmetry

Greater  LeftGreater  Left--sided EEG asymmetrysided EEG asymmetry
greater positive affect and greater positive affect and 
greater psychological and greater psychological and 
greater physiological resilience greater physiological resilience 

Greater  RightGreater  Right--sided EEG asymmetry sided EEG asymmetry 
greater negative affect and greater negative affect and 
poorer psychological and poorer psychological and 
poorer physiological resiliencepoorer physiological resilience

Frontal alpha EEG asymmetryFrontal alpha EEG asymmetry

Greater  RightGreater  Right--sided EEG asymmetry sided EEG asymmetry 
greater negative affect and greater negative affect and 
poorer psychological and poorer psychological and 
poorer physiological resiliencepoorer physiological resilience

Now we know Now we know 
Maternal depression causes attachmentMaternal depression causes attachment
and dveelopmental problems in baby ...and dveelopmental problems in baby ...

just as above ...just as above ...
what about EEG asymmetry ???what about EEG asymmetry ???

Aaron Jones et al. (2004)Aaron Jones et al. (2004)
conducted a study of four groups conducted a study of four groups 

of mother of mother –– infant dyads:infant dyads:
EEG done on baby at 1 month of ageEEG done on baby at 1 month of age

The first group wasThe first group was
DepressedDepressed--BottlefedBottlefed

EEG asymmetryEEG asymmetry
correlates ascorrelates as

expected ...expected ...

Aaron Jones et al. (2004)Aaron Jones et al. (2004)

The four groups wereThe four groups were
of mother of mother –– infant dyads:infant dyads:

DepressedDepressed--BottlefedBottlefed DBtDBt
NonNon--DepressedDepressed--BottlefedBottlefed NDBtNDBt

DepressedDepressed--Breastfed Breastfed DBrDBr
NonNon--DepressedDepressed--BreastfedBreastfed NDBrNDBr

Frontal EEG asymmetry at 1 month
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Breastfeeding is PROTECTIVEBreastfeeding is PROTECTIVE



Infant responses during mother-infant play 
at 1 month.        F = 13.88, P < 0.05

DBt
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DBtDBr

DBr

DBr
NDBt
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Figure 3. Degrees of positive, neutral and negative affect in the four 

different groups of infants at 1 month old. 

Developing Developing 
Brain Brain (1)(1)

NeurogenesisNeurogenesis
Neural morphologyNeural morphology

SynaptogenesisSynaptogenesis
MyelinationMyelination

Early Early 
Stress Stress (2)(2)
Neuronal death, smaller brainNeuronal death, smaller brain
Fewer dendritic spinesFewer dendritic spines
Poorer connectionsPoorer connections
Fewer glial cells, less myelinFewer glial cells, less myelin

Sensitivity  (3)Sensitivity  (3)
GeneticGenetic
GenderGender
TimingTiming

Developmental rateDevelopmental rate
GCR densityGCR density

Enduring   (4)Enduring   (4)
consequencesconsequences

Attenuated L brain devlopmentAttenuated L brain devlopment
Poor R / L integrationPoor R / L integration
Irritability limbic systemIrritability limbic system
Poorer function vermisPoorer function vermis

Neuropsychiatric Neuropsychiatric 
vulnerabilitiesvulnerabilities (5)(5)

Dissociative identity disorderDissociative identity disorder
DepressionDepression Personality disorderPersonality disorder

Substance abuseSubstance abuse
Post Traumatic Stress DisorderPost Traumatic Stress Disorder

StimulationStimulation

ResilienceResilience

MENTAL HEALTHMENTAL HEALTH
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FETAL BRAIN DEVELOPMENTFETAL BRAIN DEVELOPMENT

At birth, the At birth, the 
human being has human being has 
more synapses more synapses 
in its brain than in its brain than 
at any other at any other 
stage of life.stage of life.
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Synapses

Dendrification:
peak 2m & 6m

SYNAPSESYNAPSE DEVELOPMENTDEVELOPMENT

Development is a processDevelopment is a process
of of ““pruningpruning”” some,some,
and developing other synapses and developing other synapses 
–– creating  creating  ““neural pathwaysneural pathways””..

FIRST COMMANDMENT OF NEUROSCIENCEFIRST COMMANDMENT OF NEUROSCIENCE

Cells that Cells that 
fire together, fire together, 
wire togetherwire together

(Carla Shatz)(Carla Shatz)



SECOND COMMANDMENT OF NEUROSCIENCESECOND COMMANDMENT OF NEUROSCIENCE

USE IT, USE IT, 
OROR

LOSE ITLOSE IT

The brain is a 

SENSORY ORGAN
BREAST - FEEDING

=
BRAIN – WIRING

SOCIAL ORGAN

The brain is a 

SENSORY ORGAN
BREAST - FEEDING

=
BRAIN – WIRING

SOCIAL ORGAN

Basic Biological NeedBasic Biological Need

MULTISENSORY
STIMULATION
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ABILITIES OF NEWBORN
DEPEND ON THE HABITAT

720g baby (Kalafong Hospital)

SELF ATTACHMENT.

The newborn should The newborn should NOTNOT be separatedbe separated
at birth, at birth, specially if prematurespecially if premature !!!!



Sequence human newborn breastSequence human newborn breast--feedingfeeding
PrePre--requisite = habitatrequisite = habitat

hand to mouthhand to mouth
tongue movestongue moves
mouth movesmouth moves
eye focuses nippleeye focuses nipple
crawls to nipplecrawls to nipple
latches to nipplelatches to nipple
suckles suckles 

(Widstrom et al 1994)(Widstrom et al 1994)

“The newborn may appear 
helpless, but  displays an 
impressive and purposeful 
motor activity which, without 
maternal assistance, brings the 
baby to the nipple. 

(Michelson et al 1996)

STATE   ORGANISATION.

The ability to appropriately 
control the level of
sleep and arousal.

Sleep      Sleep      
.... brain.... brain--wiring !!wiring !!

In humans, mammals ..., In humans, mammals ..., 
regular sleep is necessary for survival.regular sleep is necessary for survival.

an an increased rate of anabolismincreased rate of anabolism
(the synthesis of cell structures), (the synthesis of cell structures), 

and a and a decreased rate of catabolismdecreased rate of catabolism
(the breakdown of cell structures). (the breakdown of cell structures). 

Simplified scale -
HARD CRYING

CRYING
FUSSING

ACTIVE AWAKE
QUIET AWAKE

ALERT INACTIVE
DROWSY

ACTIVE SLEEP
IRREGULAR SLEEP

QUIET SLEEP
DEEP SLEEP

STATE   ORGANISATION.
Simplified scale -
HARD CRYING

CRYING
FUSSING

ACTIVE AWAKE
QUIET AWAKE

ALERT INACTIVE
DROWSY

ACTIVE SLEEP
IRREGULAR SLEEP

QUIET SLEEP
DEEP SLEEP

L to R shunting, IVH risk
Stressful, wastes calories, 
… build up to stress
This is feeding zone!
Time to connect - stimulation
… transition zone
… transition zone
… activity consumes calories

Good sleep - digestion zone
Apnoea zone !!

STATE   ORGANISATION.

Compared to incubator babies, 
KMC babies have

less deep sleep (when apnoea occurs)
more quiet sleep (when growth occurs)
less active sleep (wastes calories)
more alert periods(promotes bonding)
much less crying (which is harmful)

Simplified scale -
HARD CRYING

CRYING
FUSSING

ACTIVE AWAKE
QUIET AWAKE

ALERT INACTIVE
DROWSY

ACTIVE SLEEP
IRREGULAR SLEEP

QUIET SLEEP
DEEP SLEEP

Incubator

KMC

Simplified scale -
HARD CRYING

CRYING
FUSSING

ACTIVE AWAKE
QUIET AWAKE

ALERT INACTIVE
DROWSY

ACTIVE SLEEP
IRREGULAR SLEEP

QUIET SLEEP
DEEP SLEEP

risk
stress

feeding
stimulation

digestion
apnoea

KMC babies oscillate slowly in safe zones

Separated babies oscillate
erratically to danger zones
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Simplified scale -
HARD CRYING

CRYING
FUSSING

ACTIVE AWAKE
QUIET AWAKE

ALERT INACTIVE
DROWSY

ACTIVE SLEEP
IRREGULAR SLEEP

QUIET SLEEP
DEEP SLEEP

feeding
stimulation

digestion

BREASTFEEDING IS NOT JUST EATING!

The whole
cycle of
feeding and
digesting
mother’s milk
is what is the
fully the
breastfeeding
programme

REM NR1 NR2   NR3 NR4 NR3 NR2 REM
AS (20 mins) QS (40 mins)

ACQUISITIONACQUISITION CONSOLIDATIONCONSOLIDATION MEMORYMEMORY
FORMATIONFORMATION

polypoly--sensory inputsensory input transfer informationtransfer information P wavesP waves
shortshort--term memory term memory ““SNRSNR”” strong signalsstrong signals returns inforeturns info
stored cortex stored cortex amygdalaamygdala / / to to neocortexneocortex::

hippocampus   organizedhippocampus   organized
Awake and REMAwake and REM NREM stage 4NREM stage 4 REMREM

Spontaneous Spontaneous 
firingfiring

Sensory Sensory 
““hothousehothouse””

rest-activity cycle
is 60-90 minutes long
(Ludington 2006)

feeding
stimulation

digestion

BREASTFEEDING IS NOT JUST EATING!

The whole
cycle of
feeding and
digesting
mother’s milk
is what is the
fully the
breastfeeding
programme

SKIN-TO-SKIN

CONTACT

SHOULD BE

CONTINUOUS
BREASTFEEDINGBREASTFEEDING
(=BRAINWIRING)(=BRAINWIRING)

should be EVERY HOURshould be EVERY HOUR

REM NR1 NR2   NR3 NR4 NR3 NR2 REM
AS (20 mins) QS (40 mins)

ACQUISITIONACQUISITION CONSOLIDATIONCONSOLIDATION MEMORYMEMORY
FORMATIONFORMATION

polypoly--sensory inputsensory input transfer informationtransfer information P wavesP waves
shortshort--term memory term memory ““SNRSNR”” strong signalsstrong signals returns inforeturns info
stored cortex stored cortex amygdalaamygdala / / to to neocortexneocortex::

hippocampus   organizedhippocampus   organized
Awake and REMAwake and REM NREM stage 4NREM stage 4 REMREM

Spontaneous Spontaneous 
firingfiring

Sensory Sensory 
““hothousehothouse””

a kind of invisible hothousea kind of invisible hothouse

BREAST BREAST -- FEEDINGFEEDING
==

BRAIN BRAIN -- WIRINGWIRING
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BREASTFEEDING THE PREMATURE

The ABILITY to breastfeed is INNATE.
The physical CAPACITY to breastfeed 
may however be

insufficient in prematures.

Full term babies need no help
Premature babies will need help.

KERSTIN HEDBERGKERSTIN HEDBERG--NYQVIST:NYQVIST:
(Early Human Dev 55 (1999) 247 (Early Human Dev 55 (1999) 247 --264.)264.)

PIBBS PIBBS 
Preterm Infant Breastfeeding Behaviour ScalePreterm Infant Breastfeeding Behaviour Scale

rootingrooting 0 0 -- 22
areolar graspareolar grasp 0 0 -- 33
latch (and fixation) timelatch (and fixation) time 0 0 -- 33
suckingsucking 0 0 -- 44
longest sucking burstlongest sucking burst 1 1 -- 66
swallowingswallowing 0 0 -- 22



KERSTIN HEDBERGKERSTIN HEDBERG--NYQVIST:NYQVIST:

PIBBS PIBBS 
Preterm Infant Breastfeeding Behaviour ScalePreterm Infant Breastfeeding Behaviour Scale

Nutritive sucking =  >5ml swallowedNutritive sucking =  >5ml swallowed

Full breastfeeding = exclusive BrfFull breastfeeding = exclusive Brf

KERSTIN HEDBERGKERSTIN HEDBERG--NYQVIST:NYQVIST:
(Early Human Dev 55 (1999) 247 (Early Human Dev 55 (1999) 247 --264.)264.)

PIBBS PIBBS 
Preterm Infant Breastfeeding Behaviour ScalePreterm Infant Breastfeeding Behaviour Scale
EARLIEST OBSERVATION:EARLIEST OBSERVATION:
(weeks PMA)(weeks PMA) 28 29 30 31 32 33 34 35 3628 29 30 31 32 33 34 35 36
rootingrooting 90%90%
graspgrasp 50%50%
latch latch 95%95%
suckingsucking 90%90% NutritiveNutritive

swallow swallow EffectiveEffective

burst burst >30sucks>30sucks

Full breastfeedingFull breastfeeding 33w33w

Gut hormones.Gut hormones.
((UvnasUvnas--Moberg 1989Moberg 1989))

20 different hormones 20 different hormones 
work in the gut work in the gut ––

regulated by the vagal nerve.regulated by the vagal nerve.

Each has a specific function.Each has a specific function.

Gut hormones.Gut hormones.

"Bad guy" "Bad guy" -- SOMATOSTATIN: SOMATOSTATIN: 
(produced by fetus, rise 10(produced by fetus, rise 10--fold under stress)fold under stress)

inhibits gastrointestinal secretion, inhibits gastrointestinal secretion, 
inhibits motility , inhibits motility , 
reduces blood flow to gutreduces blood flow to gut
and absorption, and absorption, 

causes causes gastric retention, gastric retention, 
vomiting, constipation. vomiting, constipation. 

SOMATOSTATIN: SOMATOSTATIN: 

inhibits the good hormones, inhibits the good hormones, 
contributes to contributes to 

slow weight gain.slow weight gain.
At high levels also At high levels also 

inhibits release of inhibits release of 
growth hormone. growth hormone. 

It takes 30 to 60 minutes It takes 30 to 60 minutes 
to lower somatostatin to lower somatostatin 
and other stress hormonesand other stress hormones

SLEEP  !!! SLEEP  !!! 

DISSOCIATED INFANTDISSOCIATED INFANT
WILL NOT SHOWWILL NOT SHOW
FEEDING CUES FEEDING CUES 

BREAST- VAGAL
MOTHER FEEDING (PSNS) GROWTH

OTHER PROTEST- STRESS SURVIVAL or
DESPAIR (SNS)

SKIN-TO-SKIN CONTACT

SEPARATION

BREASTFEEDING THE PREMATURE

Premature babies will need help.

BERLITH PERSSON 
has provided that help …

PERSSON’S WHEEL !

Step 1 SKIN-TO-SKIN

Continuous skin contact

The newborn must be in the right
environment for the behaviours that 
it is capable of to be expressed. It
requires protection from stress and
provision of warmth.

KMC provides the “maternal nest”

1
SSC

Ideally this should be done on prematures AT BIRTH.
However it can be done later, even with nasogastric tube
providing expressed breast milk in the meantime



Step 2 and 3    Olfactory

The first steps in sequence 
require smell of the nipple
which may take longer in 
the premature,

and then the smelling of milk.

Babies can identify smells and
tastes from their time in the 
uterus in the mother’s milk!

2

3

Smell nipple

Smell milk

4

5

Step 4    Taste

This is re-inforcing the smell.
Fullterm seems to skip this!

Step 5    Rooting

These are mouth movements
the normal sequence
described in the full-terms.

Here the premature
requires help, with position 
and “sipping”
= feeling milk in mouth

Taste milk

Rooting
Sipping

6

Step 6    First suckling.

Key step, builds on steps 1 to 5.
Must be awake and alert.
Alert period is maximal at birth,
and lasts 45 - 90 minutes. 
If missed then, will require feeding,
and several hours delay.

Alert
for

Suckling

6

Step 6    First suckling.

Note difference suckling vs sucking!

“ … myographically distinct”

For late premature lactation, allow 
suckling to develop in successive
alert periods, while feeding by tube.

Alert
for

Suckling

From 16 or 20 weeks gestation, 
the fetus is swallowing.

From 26 or 28 weeks gestation
the fetus can SUCKLE 

From 36 weeks gestation the
fetus is able to SUCK

SUCKING and SUCKLING
sound same, but VERY different

Breastfeeding & Suckling

7

Step 7    Latching & swallowing

Premature is too physically
weak to crawl to nipple,
but if held to nipple will at 
this stage latch on.

Once latched, suckling follows. 

Suckling squirts a 
controlled dose of milk 
to the back of throat, which
is safely swallowed without any
interference of breathing

This is INNATE.

Latching

Swallowing

8
Breast meal

Step 8    First breast milk meal.

Steps 1 to 7 and on take place 
rapidly in the fullterm. 
They can occur in the first 
alert period after birth in a 
premature if allowed to,but 
may require a longer period 
of defined steps in successive 
alert periods. For late prem 
lactation, step 8 is the first 
time milk is swallowed 
Enough to feed the baby.

9
10

Frequent feeding

Together
continuously

Step 9    Frequent feeding

In utero, baby is feeding 
Continuously.
Demand feeding
is NOT SUITABLE f
or prematures. 
Feeds should be at 
most 2 hours apart.

Step 10   
Together continuously

The wheel
is not

round

Turns
slow at

first

but 
then 

picks 
up speed!



SKIN-TO-SKIN
& BREASTFEEDING :

THEN ADD

TECHNOLOGY

BREASTFEEDING A BREASTFEEDING A 
PREMATUREPREMATURE

STEP 1STEP 1 SSCSSC
STEP 2STEP 2 ALLOW TIMEALLOW TIME
STEP 3STEP 3 State organisation:State organisation:

alert awakealert awake
STEP 4STEP 4 SMELLSMELL
STEP 5STEP 5 TASTETASTE
STEP 6STEP 6 LATCHLATCH
STEP 7STEP 7 SUCKLESUCKLE

NUTRITIONNUTRITION
Babies need to have had a good sleep first.
They will only have a good sleep if given

continuous skin-to-skin contact.
Baby should be allowed to get to a state
of AWAKE and ALERT by itself.
ALLOW  TIME  …

© 2001 Nils Bergman© 2001 Nils Bergman

Position baby for eye to eye contact,
and close the nipple for SMELLING …

“Feeding cues” are any movements that make
up the global behaviour of breastfeeding.

In this ultrasound image, the fetus isIn this ultrasound image, the fetus is
practising hand to mouth movements:practising hand to mouth movements:
training for breastfeeding behaviour !training for breastfeeding behaviour !

This curled tongue is 
also a  feeding cue, 
prepared for nipple  …

This sudden mouth
movement took place
after 15 minutes 

Practising LATCH  …

When there is
evidence of these
feeding cues –
EXPRESS  DROP MILK

Baby Stohm made a
lunge for the nipple  …



Note the strong 
LATCH – the 
areola is inside
Stohm’s mouth.

When feeding –
Leave hands free
(part of behaviour)

This 34 week conceptional age
baby only managed three good
suckles before tiring …

… but she showed mother she 
was able to breastfeed !

Stohm now
needs another
sleep cycle, then she
needs to do it all over !

850GMS – 35 
DAYS LARGE NIPPLE

SWALLOWING ??? SWALLOWING ??? 

Emma’s cat :
“Zig-Zag Thomas” Ziggy

… is able to
eat and purr
(and breathe) 
at
the same time !

Larynx meets uvula, 
separate
airway & foodway

THE  NEWBORNTHE  NEWBORN

also has a larynx that meets thealso has a larynx that meets the
uvula, designed to separate theuvula, designed to separate the
respiratory tract from  the  respiratory tract from  the  
gastrointestinal tract ,gastrointestinal tract ,
enabling the newborn to feed enabling the newborn to feed 
and breathe simultaneously.and breathe simultaneously.

Apes (and all mammals)
have a high larynx
separates airway 
from “foodway”

Human newborn ALSO !!

Only at 18 months
does larynx start
migrating, and ability
to make more sounds 
develop speech

From “Origins Reconsidered”
Richard Leakey.



BreastBreast
BaselineBaseline

pOpO22

Start feed                                Ends feed       10 min later

Takes longer

Suckling 
continuous

Non-nutritive

Meier 1988Meier 1988
BOTTLE AND BREASTFEEDING IN PREMATUREBOTTLE AND BREASTFEEDING IN PREMATURE
Prematures Prematures babies weighing babies weighing 1300g and 34/40 PCA, 1300g and 34/40 PCA, 
given given alternating bottle and breastfeeds.alternating bottle and breastfeeds.

SUCKLING and swallowing well coordinated, SUCKLING and swallowing well coordinated, 
babybaby’’s OXYGENATION  remains good.s OXYGENATION  remains good.

BottleBottle
BaselineBaseline
pOpO22

Start feed                                Ends feed       10 min later

Sucking 
burst Rest

Sucking 
burst

Sucking and swallowing uncoordinated, baby Sucking and swallowing uncoordinated, baby 
gets hypoxic, so bad the heart slows.gets hypoxic, so bad the heart slows.

BOTTLEFEEDINGBOTTLEFEEDING
IS STRESSFULIS STRESSFUL

and DANGEROUS and DANGEROUS 

BottleBottle

BreastBreast

BaselineBaseline
pOpO22

BaselineBaseline
pOpO22

Start feed                                Ends feed       10 min later

Sucking 
burst Rest

Takes longer

Suckling 
continuous

Non-nutritive

Sucking 
burst

Meier 1988Meier 1988
BOTTLE AND BREASTFEEDING IN PREMATUREBOTTLE AND BREASTFEEDING IN PREMATURE
Prematures Prematures babies weighing babies weighing 1300g and 34/40 PCA, 1300g and 34/40 PCA, 
given given alternating bottle and breastfeeds.alternating bottle and breastfeeds.

SUCKLING SUCKLING uses the largest muscle in uses the largest muscle in 
the babythe baby’’s head, making s head, making 
the smallest movementthe smallest movement

SUCKING SUCKING requires lots of tiny and requires lots of tiny and 
weak muscles, making weak muscles, making 
maximum effort,maximum effort,

…… also causes hypoxia,also causes hypoxia,
…… and is STRESSFUL !and is STRESSFUL !

Bottle feeding requires SUCKING, 
which requires completely different 
muscles, and does NOT allow co-
ordination between swallowing and 
breathing. Bottle feeding causes STRESS in 
prematures, and relative post-prandial hypoxaemia.

SUCKLING - in and of itself,
apart from nutrition intake -
has beneficial effects 
on both mother and baby.
SENSORY STIMULATION ....

Suckling Suckling 
induces simultaneous endocrine induces simultaneous endocrine 

effects in the guteffects in the gut
of both mother and childof both mother and child

there is a physiological there is a physiological 
symbiosis between them.symbiosis between them.

Breast feeding also has psychic effects; Breast feeding also has psychic effects; 
CCK is produced, CCK is produced, 
which induces sedation and sleep.which induces sedation and sleep.

Sucking a pacifier Sucking a pacifier 
while fed by nasogastric tube:while fed by nasogastric tube:

feed enters stomach faster, feed enters stomach faster, 
stomach empties sooner, stomach empties sooner, 
somatostatin levels lowered.somatostatin levels lowered.
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““ItIt’’s not what we s not what we 
know that gets us know that gets us 

into troubleinto trouble……..
itit’’s what we knows what we know……
that just ainthat just ain’’t so!t so!
FromFrom: : EverybodyEverybody’’s Friends Friend (1874)(1874)

By Josh BillingsBy Josh Billings
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WHEYWHEY
90 90 ……60%60%

EnzymesEnzymes
milk fatmilk fat

CASEINCASEIN

UreaUrea
TaurineTaurine
GlutamineGlutamine
NucleotidesNucleotides
OligosaccharidesOligosaccharides

ImmunoglobulinsImmunoglobulins

ImmunostimulantsImmunostimulants

ImmunosuppressivesImmunosuppressives

Bioactive peptidesBioactive peptides

SCHEMA OF HUMAN MILK SCHEMA OF HUMAN MILK 
NITROGEN CONTENTNITROGEN CONTENT ……..
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Whey

NPN

Casien

NITROGEN IN MILK  IN POSTPARTUM DAYSNITROGEN IN MILK  IN POSTPARTUM DAYS

Birth : lots of wheyBirth : lots of whey
extra immuneextra immune
chemicalschemicals

NPN is constant,NPN is constant,
various contentvarious content

Casein not neededCasein not needed
for the immaturefor the immature
newborn, has thenewborn, has the
bioactive peptidesbioactive peptides
needed from momneeded from mom

NON NON -- PROTEIN NITROGENPROTEIN NITROGEN

UreaUrea conditionally essential nutrientconditionally essential nutrient
TaurineTaurine aminoacid required aminoacid required neonatal brainneonatal brain, , 

eyes, kidneyeyes, kidney
GlutamineGlutamine for stress and sepsisfor stress and sepsis
NucleotidesNucleotides repair of injury, specially gutrepair of injury, specially gut

immunological processesimmunological processes
improve cellular immunityimprove cellular immunity

OligosaccharidesOligosaccharides
bacteriabacteria--specific interactions specific interactions 
antianti--inflammatory effects inflammatory effects 

CASEINS CASEINS BIOACTIVE PEPTIDESBIOACTIVE PEPTIDES
unique and essential effects:unique and essential effects:

PhosphopeptidesPhosphopeptides absorbing calcium and zincabsorbing calcium and zinc
Opioid peptidesOpioid peptides regulate gastric regulate gastric 

and intestinal motilityand intestinal motility
Milk mucinsMilk mucins against all pathogenic bacteriaagainst all pathogenic bacteria
GlycoproteinsGlycoproteins against specific bacteriaagainst specific bacteria
Secretory IgASecretory IgA against pathogenic bacteriaagainst pathogenic bacteria
Cell adhesion Cell adhesion prevent necrotising prevent necrotising 

molecules molecules enterocolitis enterocolitis 
LactoferrinLactoferrin growth factor, iron absorptiongrowth factor, iron absorption

antianti--inflammatory factorinflammatory factor
immunoimmuno--modulating factormodulating factor
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In cows this is In cows this is 2 2 -- 4%.4%.
In humansIn humans 20 20 -- 25%25%
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NITROGENNITROGEN 2%2%

NON NON –– PROTEIN NITROGENPROTEIN NITROGEN

In cows this is In cows this is 2 2 -- 4%.4%.
In humansIn humans 20 20 -- 25%25%
This is a critical component for the baby !!This is a critical component for the baby !!
Over 200 irreplaceable chemicals Over 200 irreplaceable chemicals ……

Nutrition  &  ProtectionNutrition  &  Protection
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sedate for sedate for ““cachecache”” carecare
http://www.meadowcreekdairy.com

TRIGLYCERIDE TRIGLYCERIDE 
Left : glycerol, Left : glycerol, 
Right: palmitic acid, Right: palmitic acid, 
oleic acid, alphaoleic acid, alpha--linolenic acidlinolenic acid

In phosphoglycerides, In phosphoglycerides, 
glycerol molecule same:glycerol molecule same:

two fatty acids esterified two fatty acids esterified 

Phospholipids arePhospholipids are
a major component of all a major component of all 
biological membranes, biological membranes, 
Sphingomyelin particularly Sphingomyelin particularly 
concentrated in BRAIN concentrated in BRAIN 
major part of MYELIN.major part of MYELIN.

TRIGLYCERIDETRIGLYCERIDE

MYELINMYELIN..

Dendirification and myelinisation peaks occurDendirification and myelinisation peaks occur
at 2 and 6 monthsat 2 and 6 months
is maximal at one year ....is maximal at one year ....

At one year: human milk has less protein,At one year: human milk has less protein,
but MORE TRIGLYCERIDE !!!but MORE TRIGLYCERIDE !!!

FATTY ACIDS AREFATTY ACIDS ARE
SPECIES SPECIFICSPECIES SPECIFIC Be sure the wet nurse has plenty of milk ... Be sure the wet nurse has plenty of milk ... 

because if she lacks it she may give the babybecause if she lacks it she may give the baby
milk of a goat or sheep or some other animal,milk of a goat or sheep or some other animal,
because the child ... nourished on animal milkbecause the child ... nourished on animal milk
does not have perfect wits like one fed on does not have perfect wits like one fed on 
womanwoman’’s milk and always looks stupid and s milk and always looks stupid and 
vacant and not right in the head.vacant and not right in the head.

1414thth century Tuscan textcentury Tuscan text
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POST POST -- TEST TEST ……..   ..   

Georgetown University, Washington D.C.Georgetown University, Washington D.C.
212 babies <1500g, prospectively followed:212 babies <1500g, prospectively followed:

Infection rate for formula fedInfection rate for formula fed 47.2%47.2%
Infection rate for human milk fedInfection rate for human milk fed 29.3%29.3%

Conclusion:Conclusion:
““ being human milk fed being human milk fed 
decreased the odds of infection by 57%.decreased the odds of infection by 57%.””

OROR
““ being cow fed being cow fed 
increased the odds of infection by 61%.increased the odds of infection by 61%.””

POST POST -- TEST TEST ……..   Example of paradigm..   Example of paradigm

Conclusion:Conclusion:
““ being human milk fed being human milk fed 
decreased the odds of infection by 57%.decreased the odds of infection by 57%.””

OROR
““ being cow fed being cow fed 
increased the odds of infection by 61%.increased the odds of infection by 61%.””

The first statement assumes that The first statement assumes that 
being cow fed is the normal.being cow fed is the normal.



POST POST -- TEST TEST ……..   Example of paradigm..   Example of paradigm

Conclusion:Conclusion:
““ being human milk fed being human milk fed 
decreased the odds of infection by 57%.decreased the odds of infection by 57%.””

OROR
““ being cow fed being cow fed 
increased the odds of infection by 61%.increased the odds of infection by 61%.””

The first statement assumes that The first statement assumes that 
being cow fed is the normal.being cow fed is the normal.

Would you introduce a new feed Would you introduce a new feed 
which increases odds of infection?which increases odds of infection?

A Neurobehavioural A Neurobehavioural 
Approach toApproach to
BreastfeedingBreastfeeding

... CONTINUES ....... CONTINUES ....


