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HOW EARLY SHOULD THE 
KANGAROO POSITION START? 



Evidence gaps: 
key research priorities

• How can facility based initiation of effective KMC for 
stable small babies be scaled up?

• Can community-based initiation of KMC reduce neonatal 
mortality of clinically stable small babies?

• Does initiation of KMC immediately after birth, even for 
unstable babies, improve survival?



Immediate KMC study

• Individually randomized controlled trial: hospitals in 
Ghana, India, Malawi, Nigeria and Tanzania. Sample size 
4,200 

• Newborns <1.8 kg will be allocated to intervention or 
control group

• Those allocated to intervention will receive skin to skin 
care starting immediately after birth, and continued 
thereafter

• Those allocated to control will receive conventional care 
until considered stable, KMC will be initiated after that

• Primary outcome neonatal mortality



HOW EARLY SHOULD THE 
KANGAROO POSITION START? 

SKIN-TO-SKIN CONTACT
Those allocated to intervention will receive skin to skin care 
starting immediately after birth, and continued thereafter



THE NEUROSCIENCE 
BEHIND

SKIN-TO-SKIN CONTACT
Those allocated to intervention will receive skin to skin care 
starting immediately after birth, and continued thereafter



Garner 2011



“Early Childhood Adversity”

What about 
Early Infant Adversity ?

Early Neonatal Adversity ?
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RNA

HISTONE 
MODIFICATION

DNA 
METHYLATION
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”Neurons that fire together wire 
together while those which don’t,won’t”

Hebb/Carla Shatz



REM
NR1
NR2
NR3
SWS

ACQUISITION CONSOLIDATION MEMORY
FORMATION

poly-sensory input transfer information P waves
short-term memory “SNR” strong signals returns info
stored cortex amygdala / to neocortex:

hippocampus   organized
Awake and REM NREM stage 4 REM

SLEEP CYCLING - BRAIN WIRING

Stanley Graven 2006



modulates state organisation
elicits emotional behaviours

activates pre-feeding actions
anticipatory digestive physiology
regulates pace of ingestive behaviour

SMELL 

Schaal 2004 17



SMELL  BRAIN WIRING

Peirano 2003



Brain Architecture and Skills are 
Built in a Hierarchical “Bottom-Up” 

Sequence
• Neural circuits that process basic information 
are wired earlier than those that process more 
complex information.

Slide by:   Jack P. Shonkoff, M.D.



Brain Architecture and Skills are 
Built in a Hierarchical “Bottom-Up” 

Sequence
• Neural circuits that process basic information 
are wired earlier than those that process more 
complex information.

• Higher circuits build on lower circuits, and 
skill development at higher levels is more 
difficult if lower level circuits are not wired 
properly.

Slide by:   Jack P. Shonkoff, M.D.
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HIGHLY CONSERVED 
NEURO-ENDOCRINE

BEHAVIOR

“LIFE SCIENCES THEORY”

The Neuroscience of Birth & Breastfeeding
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“For species such as 
primates, the mother 
IS the environment.”

Sarah Blaffer Hrdy, Mother Nature (1999)

The Neuroscience of Birth & Breastfeeding
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Nothing an infant can or 

cannot do makes sense, 

except in light of mother’s body

The Neuroscience of Birth & Breastfeeding
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Shonkoff 2012



“Of a good beginning cometh a good end”
John Heywood, Proverbs (1546)

When is the  
beginning? 



“First 1000 days” =
gestation 270
year one 365
year two 365
total 1000 days

EARLY CHILDHOOD DEVELOPMENT  ECD
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raises its own temperature,
has a higher blood glucose,
metabolic adaptation faster.
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helpless, but

ENVIRONMENT SKIN-TO-SKIN CONTACT



Images courtesy of Prof Peter Hartmann, UWA
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(Alberts 1994)
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(Alberts 1994)

ENVIRONMENT

BIRTH

HOW EARLY SHOULD THE 
KANGAROO POSITION START? 



Heart stability

Resp’ stability

CVS  stability

Oxygen sat’

Apnoea

Temperature
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The  BOND 
is made up of the 

sensory inputs 
from the parent 
to the  infant

Bowlby  1969, 1973, 1980
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Smell

Skin contact

Simulation theory:
EMPATHY is generated

by inner imitation
of actions of others

In humans, oxytocin increases gaze to the 
eye region of human faces and enhances 
interpersonal trust and the ability to infer
the emotions of others from facial cues. 



Smell

Skin contact



The infant 
brain is not 

blank!
Resting activity 

-
“stream of 

consciousness”
Fransson 2007



A  primary 
visual areas,

B  somatosensory 
motor cortex

C  primary auditory
cortex

D  parietal cortex 
& cerebellum

E  m l anterior pre-
frontal cortex

Fransson 2007



Smell

Skin contact

EMOTION
CONTROL 
CENTRE

FACE 
RECOGNITION
CENTRE

OXYTOCIN 

E prefrontal

A  primary visual

B  somatosensory 

C  primary auditory

D  parietal
& cerebellum
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Blank  Unknown face   



54

Blank  Unknown face    Mother´s face
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Skin-to-skin “causes” breastfeeding



Skin-to-skin “causes” breastfeeding

2016 update in press
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Milk making 
NUTRITION

Hypothalamus
Pituitary:
PROLACTIN 

Maternal ferocity
PROTECTION

OXYTOCIN
 Gaze increase:
 BONDING

OXYTOCIN
Cingulate 
Suppressed  

REGULATION

Amygdala:
CHOLECYSTOKININ
 Emotion / satiety

Hypothalamus
Pituitary:

Cingulate 

Amygdala



… infant cues - suckling, 
vocalisation and tactile 
stimulation - stimulate 
OXYTOCIN
release in the 
hypothalamus, which may 
result in the activation 
of the dopaminergic 
reward pathway leading 
to behavioural 
reinforcement
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SENSITIZATION
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ENVIRONMENT

BIRTH

BREASTFEEDING
Feed  Sleep Cycling 

BABY
BONDING Sensitization

Secure 
attachment

Attuned 
parenting
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BIRTH

Transition  regulation
Bonding  breastfeeding

HOW EARLY SHOULD THE 
KANGAROO POSITION START? 

ENVIRONMENT SKIN-TO-SKIN CONTACT



Immediate

HOW EARLY SHOULD THE 
KANGAROO POSITION START? 

ENVIRONMENT SKIN-TO-SKIN CONTACT
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Immediate
First 1000 seconds  (1st hour) TRANSITION
First 1000 minutes    (1st day) SENSITIZATION 
First 1000 hours (6 weeks) BOND/ATTACH
 First 1000 days ECD

BIRTH
MOTHERBABY

BONDING Sensitization
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Positive Stress

• Moderate, short-lived stress responses, such 
as brief increases in heart rate or mild changes 
in stress hormone levels.

• An important and necessary aspect of healthy 
development that occurs in the context of 
stable and supportive relationships.

Slide by:   Jack P. Shonkoff, M.D.



Toxic Stress
• Strong and prolonged activation of the body’s 
stress management systems in the absence of 
the buffering protection of adult support.

Tolerable Stress



Toxic Stress

• Strong and prolonged activation of the body’s 
stress management systems in the absence of 
the buffering protection of adult support.

• Disrupts brain architecture and leads to stress 
management systems that respond at relatively 
lower thresholds, thereby increasing the risk of 
stress-related physical and mental illness.

Slide by:   Jack P. Shonkoff, M.D. CORTISOL
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•Disrupts brain architecture 
and leads to stress management systems that 
respond at relatively lower thresholds, thereby

increasing the risk of stress-
related physical and mental illness.
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SEPARATION 

SEPARATION

Toxic stress

OXYTOCIN



SEPARATION  DYSREGULATES

OXYTOCIN

SEPARATION

Toxic stress



SEPARATION  DYSREGULATES

CORTISOL

OXYTOCIN



CORTISOL



MICHAEL MEANEY    epigenetics

CORTISOL

Unsafe  environment activates HPA
axis (autonomic nervous system, ANS). 



HG  BABY  HG BABY
LOW Grooming  care

HG - High Grooming        Low Grooming LG

HG  BABY LG BABY

MOTHER                                      MOTHER

Healthy UNHEALTHY
adult                                      adult

HG – High Grooming        Low Grooming - LG
Makes MOTHER             Makes MOTHER

UNHEALTHY
adult

LOW Grooming  LG 
Makes MOTHER            

CORTISOL



HG - High Grooming        Low Grooming LG

HG  BABY LG BABY

MOTHER                                      MOTHER

Healthy UNHEALTHY
adult                                      adult

HG – High Grooming        Low Grooming - LG
Makes MOTHER             Makes MOTHER

Early stress alters gene expression,
with health impact across lifespan.
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… infant cues - suckling, 
vocalisation and tactile 
stimulation - stimulate 
OXYTOCIN
release in the 
hypothalamus, which may 
result in the activation 
of the dopaminergic 
reward pathway leading 
to behavioural 
reinforcement



key biological systems 
… that contribute to 
maternal caregiving 
behaviour … the 
oxytocinergic and 
dopaminergic systems. 

… dopamine pathways contribute to the processing 
of infant-related sensory cues leading to a 
behavioural response. c
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Early stress alters gene expression,
with health impact across lifespan.



DISEASEHEALTH

CORTISOLOXYTOCIN



FEAR
CONTROL 

CENTRE

REWARD
CONTROL 

CENTRE

SOCIAL
CONTROL 
CENTRE

OXYTOCIN
DOPAMINE

CORTISOL



WELL-BEING  SUSCEPTIBILITY  MORBIDITY   MORTALITY

DISEASEHEALTH
RESILIENCE                                      VULNERABILITY

… there is considerable overlap in the brain structures 
associated with these neural mechanisms … functional 
interactions among the circuits. 



RESILIENCE
(= STRESS RESISTANCE)

“capacity to maintain healthy 
emotional functioning in the after-
math of stressful experiences”

Resilience Vulnerability

DISEASEHEALTH
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Skin-to-skin contact is
NORMAL BIOLOGY 
for all newborns



SEPARATION

DISEASE

Toxic stress

TOXIC STRESS = 
absence of the 
buffering protection 
of  adult support.

SEPARATION IS A STRESSOR 
FOR FULL TERM NEONATES 

preterms have less resilience:

SEPARATION IS A 
SEVERE STRESSOR
FOR PRETERMS 



Skin-to-skin 
contact   

IS MORE  
essential for

premature 
newborns!



Skin-to-skin 
contact   

IS MORE  
essential for

premature 
newborns!

Our NORMAL biology



Skin-to-skin “causes” breastfeeding
SUCKLING precedes  breastfeeding

From Kim Luong Chi

.





From Kim Luong Chi

29 week GA – zero separation
& skin-to-skin contact 
 suckling  at 60 minutes.









SUCKLING 

The ABILITY TO SUCKLE
IS WIRED IN EVERY BABY 

even  if premature !!



SUCKLING

PROTECT SUCKLING

- WHILE FEEDING –

UNTIL BREASTFEEDING STRONG. 



Immediate

HOW EARLY SHOULD THE 
KANGAROO POSITION START? 
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Underlying 
scientific 
rationale



PRETERM BIRTH
TRANSITION

SEPARATION
FAILS

CASCADE OF
DYSREGULATION

Hypothermia

Bradycardia

Hypoxia

HypoglycemiaInfection

INSTABILITY



PRETERM BIRTH
TRANSITION

SEPARATION
FAILS

INSTABILITY

MORTALITY

Skin-to-skin 
STABILIZES

&
PREVENTS  

INSTABILITY

Excluded from
KMC studies



IKMC
(Immediate – till stable)

~ 4200 babies

Tanzania Malawi Ghana Nigeria India
LIC  MIC   

Mortality
reduction

WHO
Bill & Melinda
Gates Foundation  



Before birth Birth 1h  2h 6h 24 72h 7d  28d 4m 12m 24m

Preparation
phase R

Eligible?
Consent?

Consent

CVMORTALITYDischarge  home

Maternal Delivery Infant Birth Transition 6 hours 24 hours 72 hours At discharge At 28 days 4m 12m 24m

MORTALITY MORTALITY Disability

Discharge to 
KMC ward

Common measure times

IPISTOSS flow chart

CC

ISSC Time to stable

Time to stable

Follow-up

1000g –
1800g

Immediate Parent Infant Skin-To-Skin Study (IPISTOSS) –
A Multicenter Randomized Controlled Trial Comparing Skin-to-
Skin Contact Initiated Within First 60 Minutes of Life and 
Continued Until Stabilization with Separation (Conventional Care) 
in Neonates with Birth Weight of 1000-1800g. 





IKMC
(Immediate – till stable)

~ 4200 babies

Tanzania Malawi Ghana Nigeria India
LIC  MIC   

Mortality
reduction

WHO
Bill & Melinda
Gates Foundation  



IKMC
(Immediate – till stable)

~ 4200 babies

Tanzania Malawi Ghana Nigeria India                Vietnam  & RSA   Norway  Sweden
LIC  MIC   HIC

Mechanisms
research

Mortality
reduction

WHO Karolinska, Sweden
Bill & Melinda Laerdal, others
Gates Foundation  BabyBjorn …

IPISTOSS
(Immediate – till stable)

~ 1200 babies
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MRI HRVEEG

STRESS RESPONES

RESILIENCE

DOHAD

(MAL) ADAPTATION

EPIGENETICS

GENE X ENVIRONMENT

GENETIC VARIANTS

HOSPITAL ACQUIRED INFECTION
IMMUNITY

SLEEP PHYSIOLOGY

GUT FUNCTIONMICROBIOTA

“STABILITY”

TRANSITION

LONG TERM FOLLOW-UP

NEUROENDOCRINE BEHAVIOURS

MATERNAL NEUROPLASTICITY

ENVIRONMENT WHAT IS THE EFFECT OF MATERNAL ABSENCE ON … 

MORTALITY
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