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Where Research 

has taken us 
Brain development depends on genes. Brain development hinges on complex 

interplay between genes & experiences. 

Experiences before age 3 have limited 

impact later in life. 

Experiences before age 3 have decisive 

impact on adult capabilities. 

Secure attachment creates favourable 

context for early development and learning. 

Secure attachment directly effects the way 

the brain is wired not just an overall context. 

Brain development is linear across all 

knowledge areas and skills. 

Brain development is non-linear including 

prime times for different knowledge areas & 

skills. 

Toddler‟s brain less active then adult‟s, for 

example busy college student. 

Toddler‟s brain is twice as active as adult 

brain – activity drops during adolescence & 

doesn‟t recover. 



Brain Anatomy – the basics: 

• Dendrites & Axons = incr. numbers around 
time of birth 

• Synapses created in response to 
experience 

• Synapses are specialized and made 
permanent through repetitive use. 

 



Synapses: Use „em or Lose „em 

• Neural Synapses that 

are not used regularly 

are „pruned‟ away.  

• This process  

   starts before  

   age of 3!  



Blazing Neural Pathways 
• Must create neural connections through repeated 

experiences over time. 

• First experiences are all around attachment = 
foundation for brain development. 



CORTISOL  

Stress and Brain Development 

FIGHT OR FLIGHT RESPONSE 

•Hypothalamus •VS. •Danger 

 



Challenges to Attachment 

• Illness of child or parent (including colic) 

• Birth complications 

• Disabilities (Child may be > sensitive, <responsive) 

• Death of parent / Trauma 

• Neglect / Abuse  

• Inconsistent nurturing / Parenting Practices 

• Institutionalization / Custody changes 

• Maternal Depression 

• Maternal us of drugs / alcohol 



Cortisol Effects in Children 

• Higher resting heart rates 

• Impaired brain development including 
reduced mass (Gunnar, 1998) 

• Suppressed immune system 

• Failure to thrive 

PTSD: Abused children have lower cerebral 
volumes (DeBellis, M. 2002). 

Romanian Orphans: Brains resemble those 
of Alzheimer‟s patients. 20-30% smaller 
(Ounce of Prevention, 1996). 

  



From Neurons to Neighborhoods:         
The Science of Early Childhood Development  

• Brain is not mature at birth 
– The brain continues to remodel birth thru 5 

• Brain is changed by experiences 
– “use it or loose it” – “hardwiring” of the brain 

• Critical periods imply timing is important 
– Experiences during critical periods can result in irreversible changes 

• Relationships program social emotional function 
– Social-emotional bonds with caregivers hardwire the pathways for later 

social and cognitive development 

• Adversity impacts brain architecture & function 
Institute of Medicine, 2000 



Infant Brain 

Development  

(before birth) 



Preterm Births 

• Term:  

– about 40 weeks 

• Preterm birth: 

– <37 completed weeks  

• Late preterm (near-term):  

– 34 -36 weeks 

• Very preterm: 

– <32 weeks 



 

Preterm Births by Week of Gestation 

United States, 2004 
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Rates of Late Preterm Births (34-36 wks) 

for All States, 2005 

Source: March of Dimes Peristats 

Source: www.marchofdimes.com/peristats 

2005 US Late Preterm Birth Rate 9.1% 



Clinics in Perinatology,  Dec 2006 

Editors: Lucky Jain, Tonse Raju 
Feb 30(1), 2006  

Mar 30(2), 2006  

 

July 2005-  Invitational NICHD Workshop on  

Near Term/Late Preterm births (34-36 weeks)  

Peds,  118(3):1207-14, 2006 



Morbidities Associated with Late PTB 
Trying to separate causes and effects 

Increased immediate morbidities: 
Respiratory distress 

Jaundice 

Feeding difficulties 

Hypoglycemia 

Temperature instability 

Sepsis 

 Increased NICU use (and re-admissions) 

 Increased cost 

Long term outcome - ??? 

     NICHD Consensus Conference, July 2005 



• The Brain is the 

last major organ 

system to develop 

• Lower functions 

mature first, cortex 

last 

Brain at 35 wks 

weighs only 2/3 

what it will weigh  

at term 

 

Development of the 

Human Brain through 

Gestation 

   Cowan WM. Sci Am 241:113, 1979 

 



The Late Preterm Infant – 

Brain Development: Brainstem 

TERM INFANTS show 
mature: 
 

•Rhythmic Respiration 
 

•Temperature regulation 
 

•Coordination of 
suck/swallow/breathe 

 

 

LATE PRETERM INFANTS 

Symptoms of immaturity: 
 

•Apnea 
 

•Poor temp control 
 

•Feeding problems 
 

Darnall RA, Ariagno RL, Kinney HC.  The Late Preterm Infant and the Control of Breathing, Sleep, 
and Brainstem Development: A Review. Clin Perinatol  33(2006): 883-914 
 Hunt CE. Ontogeny of Autonomic Regulation in Late Preterm Infants Birn at 34-37 weeks 
Postmenstrual Age. Semin Perinatol 30 (2006): 73-76 

 

THE BRAINSTEM CONTROLS AUTOMATIC FUNCTIONS 



Brainstem Maturation and Poor Feeding 

Suck 
 

Swallow 32 w 

33 w 

37 w 

Suck 
 

Swallow 

Suck 
 

Swallow 

Gewolb Dev Med Child Neurol 2001;43:22-27 



The Late Preterm Infant – 

Brain Development: Cerebellum 

CEREBELLUM 

–Volume of the Cerebellum at 
34 weeks is only 55% of that at 
term 
–Preterm Birth alters cerebellar growth 
and autoregulation 

–Function related to  

•Fine motor control 

•Coordination 

•Motor sequencing 

•Cognition & language 

•Social function & learning 
 

 

 

Adams- Chapman I. Neurodevelopmental Outcome of the 
Late Preterm Infant. Clin Perinatol  33(2006): 947-964 

 



Hyperbilirubinemia 

• Late Preterm infants have increased risk for acute 

bilirubin encephalopathy and kernicteris 



The Late Preterm Infant – 

Brain Development:  White Matter 
 

-Volume of the white 
matter increases 5-fold 
from 35-41 weeks 
 

-  PeriVentricular Leukomalacia 
precedes the onset of active 
myelin sheath synthesis – pre-
oligodendrocytes 

    - PVL assoc with cognitive and 
behavior abnormalities correlates 
with preferential injury to pre-OL 

    -In the Late Preterm Infant, 
PreOL predominate in white matter 
 

  

Kinney HC. The Near-Term (Late Preterm) 
Human Brain and Risk for Periventricular 
Leukomalacia: A Review. Semin Perinatol 
30 (2006): 81-88 

 



The Late Preterm Infant – 

Brain Development: Cerebral Cortex 

• CEREBRAL CORTEX Volume at 34 weeks is 

only 53% of term volume 

• Cortex is seat of higher order functions – cognition, 

perception, reason, motor control 

•CEREBRAL CORTEX Volume at 34 weeks is only 

53% of  the volume at term 

•Cortex is where we think and do higher order functions – 

cognition, perception, reason, motor control 

•Brain is in the “Period of Organization”    

 



Late Preterm Period 

Period of Organization for the Brain 

• Alignment, orientation, and layering of cortical 

neurons  to  form functional units 

• Elaboration of dendritic and axonal 

ramifications 

• Establishment of synaptic contacts 

• Proliferation and differentiation of glia 

• Beginning of selective apoptosis  



Late Preterm Infant 

Brain Development - Cortex 

 
 

•GAP-43 
expression 
reflects axon 
formation. 
This activity 
peaks at 34-
36 weeks 

 
Billiards SS, Pierson 
CR, Hayes RL, 
Folkerth RD, Kinney 
HC.   Clin Perinatol  
33(2006): 915-934 

 

•Number of dendritic spines in medullary reticular formation peaks 

at 34-36 weeks 

Volpe JJ Neurology of the Newborn 



Human Brain Development - Synapse 

Formation 
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Sensing Pathways 

(vision, hearing) 

 

Language 
 

Higher Cognitive 

Function 
 

C. Nelson, in From Neurons to Neighborhoods, 2000. 



Late Preterm Infant:    

Neurodevelopmental  Outcomes  

• “Given that late-preterm infants are born before 
their nervous systems have fully developed, 
large population studies that evaluate long-term 
neurodevelopmental and behavioral outcomes 
of these children are needed.” 

    

    Engle WA, Tomashek KM, AAP Committee on Fetus and Newborn. 

       Pediatrics 120(6):1390-1401, Dec 2007 



Mortality in the Late Preterm 
       

• Late preterm infants were 3 times more likely than term infants 
to die in the first year of life 

• Even excluding congenital anomalies, infant mortality rates 
for late preterm infants were 2.6 times higher than in term 
infants 

•   Early Neonatal (<7 days)  6X more likely to die 

•   Late  Neonatal   3 X more likely 

•   Post Neonatal:   2X more likely 
• Late preterm infants are 8.5 times more likely to die with a 

diagnosis of respiratory distress in the early neonatal period 

• Late preterm infants are twice as likely as term infants to die 
of SIDS 

 
     Tomashek, KM, Shapiro-Mendose CK, Davidoff MJ, Petrini JR. Differences in Mortality 

between Late-Preterm and Term Singleton Infants in the United States, 1995-2002.  J Pediatr 
2007:151:450-6 



Late Preterm Infant  Morbidity   

 in the Neonatal Period 

 

– Late Preterms were 7X more likely to have 

newborn morbidity than term infants.  

Newborn morbidity rate doubled for each 

gestational week earlier than 38 weeks 

– The proportion of morbidity among late 

preterm infants was relatively high across 

the board, ranging from 18.1% to 27.8% 
 

                         Shapiro-Mendosa CK et al. Pediatrics 2008, 121:e223-e232 



Late Preterm Morbidity in the Neonatal 

Period 

– The independent effect of late preterm birth 
on morbidity was 7X stronger than any of the 
selected maternal conditions: 

• Hypertensive disease in pregnancy 

• Diabetes  

• Antepartum hemorrhage 

• Acute or chronic lung disease 

• Maternal infection 

• Cardiac disease 

• Renal disease 

• Gential herpes 
 

                         Shapiro-Mendosa CK et al. Pediatrics 2008, 121:e223-e232 



ACOG Committee Opinion # 404 

Late Preterm Infants, April 2008 

•Late preterm infants often are mistakenly believed to be as 

physiologically and metabolically mature as term infants. 

However, compared with term infants, late–preterm infants are 

at higher risk than term infants of developing medical 

complications, resulting in higher rates of infant mortality, 

higher rates of morbidity before initial hospital discharge, and 

higher rates of hospital readmission in the first months of life.  

 

•Preterm delivery should occur only when an 

accepted maternal or fetal indication for 

delivery exists.  

 Statement developed jointly with AAP Committee on Fetus & Newborn 



 Reinforced no elective induction or C/S 

should be done prior to 39 weeks gestation 

 Specific criteria for establishing gestational 

age should be followed  

 A mature fetal lung test result before 39 

weeks of gestation, in the absence of 

appropriate clinical circumstances, is not an 

indication for delivery. (see  Bates, 2009) 

ACOG Practice Bulletin,  Number 107  

August 2009- Induction of labor 



Elective cesarean 

delivery before 39 

weeks is common 

(35.8%)   and 

associated with 

respiratory and 

other adverse 

neonatal outcomes, 

increasing the risk 

2-4X: 

  



Late Preterm Infant: Morbidity   

And Potential Impact  

         “Because one out of 11 births in this country 
is a late preterm birth, and 

          since the brain of the late preterm infant is 
less mature than that of the term infant,  

          even a minor increase in the rate of 
neurologic disability and scholastic failure in this 
group can have a huge impact on the health care 
and educational systems.” 

 

    Raju TNK.  Epidemiology of Late Preterm Births. Clin Perinatol 
33 (2006) 751-763 



Late Preterm Outcomes:   Early Childhood 

 

• Increased risk Developmental Delay, Special Needs in 
Preschool, Problems with School Readiness  

– McGowan JE et al. Pediatrics  2011; 127:111-1124 

– Morse SB et al. Pediatrics 2009;123:e622-629 

         [Healthy LPTB] 

– Petrini et al. J Peds, 2008 

– Chyi LJ et. al. J Pediatr 2008: 153:25-31 

– Fuchs K, Wapner R. Clin Perinatol  33: 793-801, 2006. 

– Adams- Chapman I. Neurodevelopmental Outcome of the 
Late Preterm Infant. Clin Perinatol  33: 947-964, 2006. 

 
 

 



Late Preterm Outcomes –  

Early School Age 

• Study of healthy Late Preterm infants (n=7152) v.s. 

healthy term infants (n=152,661] in Florida 

• Outcomes adjusted for 15 maternal and infant variables 

(race, education, income, etc) 

• Risk of developmental delay and school-related 

problems thru the first 5 years of life was higher in late 

preterm than term infants for six out of seven measures 

 

• Morse SB et al. Pediatrics 2009;123:e622-629 

 



Late Preterm Outcomes: Childhood 

• Increased risk of ADHD and other clinically 
significant behavior problems 
– Linnet KM et al Arch Dis Child 2006; 91:655-60 

– Gray RF et al Pediatrics 2004; 114:736-43 

– McCormick et al Pediatrics 1996; 97:18-25 

 

• Increased cognitive dysfunction and 
learning problems 
– VanBaar AL. Pediatrics 2009; 124:251-7 

– Chyi LJ et. al. J Pediatr 2008: 153:25-31 

– Saigal S,  et al.  Lancet 2008;371:261-69 

– Pietz et al early Hum Dev 2004;79:131-43 

 

 

 

 



Late Preterm Outcomes:   Childhood 

• Increased risk Cerebral Palsy and Mental 
Retardation 
– Petrini et al. J Peds, 2008 

– Moster et al. NEJM 2008; 359:262-73 

– Himmelman et al. Acta Paediatr; 2005;94:287-94 

– Moster et al. JAMA 2010; 304(9):976-982  

         (relative risk of CP 3.7 at 37 weeks) 

– Talge NM et al Pediatrics 2010; 124:1124-1131  

          (2-3X incr risk IQ<85) 
 

• Have 20 times the risk of moderate hearing loss  
compared to term newborn 

 

 
 



Late Preterm Infants: 

Outcomes as Young Adults 

Compared to infants born at term, Late Preterm have: 

 

• Increased risk Schizophrenia and mental disorders (RR1.6) 

• 40% increased risk for medical disability that severely limits 

working capacity as an adult 

• Long-term neurologic handicap due to prematurity 

measured in young adults  (age 23-29)  

 

Moster et al. NEJM 2008; 359:262-73 

Lindstrom K et al. Pediatr 120:70, 2007 



Infant Brain 

Development  

(early preterm) 



MRI of VLBW Infants at Term Equivalent Significant 

Differences Based on GA at Birth 

Born at 30 wks GA Born at 23 wks GA 

Inder et al J Pediatr 2003;143:171-179 

Mod ventriculomegaly 

Enlarged SAS 

Diffuse loss of white matter 

Immature gyration 

(10/11 <26weeks) 



Importance of Brain Growth in the 

Third Trimester 

 Brain/body weight ratio 

– 15% of preterm infant 

– 2% of adult 

 Head circumference (HC) is good reflection of brain 

weight and brain cellularity 

 Brain growth is critical in preterm infants  

 EG 28 wk gestation doubles brain weight over next 8 

weeks                          

Cooke RW, et al. Early Hum Dev. 1977;1:145-149. 



Early Head Growth and Developmental 

Outcomes in VLBW Infants 

       Head circumference growth in the first 6 weeks of life 

 

 

 

Gross SJ, et al. J Pediatr. 1983;103:946-949. 

   

<3.5 cm:  

n = 32 
≥3.5 cm:  

n = 32 

 
Reference 

Term:  

n = 95 

 



Infants With Slower Head Growth at 6 wks 

Had Reduced Bayley‟s MDI and PDI: 

6 Months 

*Versus both groups 

* 
* 
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Ehrenkranz RA, et al. Pediatrics. 2006;117:1253-1261. 

 Data Confirms the Importance of  

Growth in the NICU 

Growth in the Neonatal Intensive Care Unit 

Influences Neurodevelopmental and Growth 

Outcomes of Extremely Low Birth Weight Infants 

Richard A. Ehrenkranz, MDa, Anna M. Dusick, MDb, Betty R. Vohr, MDc,  

Linda L. Wright, MDd, Lisa A. Wrage, MPHe, W. Kenneth Poole, PhDe,  

for the National Institutes of Child Health and Human Development Neonatal  

Research Network 

aDepartment of Pediatrics, Yale University School of Medicine, New Haven, Connecticut; 
bUniversity of Indiana, Indianapolis, Indiana; cDepartment of Pediatrics, Brown University, 

Providence, Rhode Island; dNational Institutes of Child Health and Human Development, 

Bethesda, Maryland; eRTI International, Research Triangle Park, North Carolina 

n = 500 



Poor Weight Gain Increases Odds for Poor Outcomes 

Ehrenkranz RA, et al. Pediatrics 2006;117:1253-61. 

1.0 0.2 10.0 50.0 

Odds Ratio (95% Confidence Interval) 

2.53 (1.27–5.03) 

2.25 (1.03–4.93) 

8.00 (2.07–30.78) 

ELBW infants( 500-1000g), in-hospital growth: 12.0 vs 21.2 g/kg/day; adjusted outcomes 

Cerebral palsy 

Bayley MDI <70 

MDI=Mental Development Index 

Neurodevelopmental 

Impairment 



Poor HC Growth Increases Odds for Poor Outcomes 

Ehrenkranz RA, et al. Pediatrics 2006;117:1253-61. 

1.0 0.2 10.0 50.0 

Odds Ratio (95% Confidence Interval) 

3.64 (1.85–7.18) 

2.33 (1.10–4.95) 

4.10 (1.24–13.59) 

ELBW infants, in-hospital HC growth: 0.67 vs 1.17 cm/wk  

Cerebral palsy 

Bayley MDI <70 

HC=Head circumference 

MDI=Mental Development Index 

Neurodevelopmental 

Impairment 



Neuro/Intellectual Function at School Age With Subnormal 

Head Circumference at 8 Months 

Total Population Neurologically Intact 

Condition 

(criteria) (8 years) 

HC (nl) 

(216) 

HC (subnl) 

(33) 13% 

RR HC (nl) 

(199) 

HC (subnl) 

(26) 

RR 

Neurological Impairment 

(major neurological abnormality) ~8% 21% 2.69* – – – 

Low IQ 

IQ <70 

IQ <85  

 

3% 

27% 

 

24% 

52% 

 

7.48†  

1.91† 

 

2% 

26% 

 

12% 

46% 

 

5.74 

1.80 

Limited Academic Skills 

(read/math/spell std score <80) 
31% 56% 1.81† 28% 54% 1.88 

* P<.05 by chi square test 
† P<.01 

HC subnormal; 1.1 versus 1.2 kg,  

higher neonatal risk scores (1977-1979) 

       Hack. N Eng J Med. 1991. 

  Brain Growth and Neurodevelopment 



Early Nutrition influences Brain Structure 
 

• LUCAS STUDIES 

• Studied 2 groups of adolescents born preterm who 
received Term formula vs Preterm formula diets in 
the early postnatal period and who had similar birth 
status and neonatal course  (n=76, 28 weeks) 

 

              Results 

 

• Higher IQ in PTF group 

• Among the first studies to show human brain 
structure can be influenced by early nutrition 

 



Influences on Fetal 

Organ and  Brain 

Development  

 



Fetal Origins of Disease 

New York Times, Oct. 2, 2010 

• “Researchers are finding indications that obesity, diabetes, 

and mental illness among adults are all related in part to 

what happened in the womb decades earlier.” 

 

• “Perhaps the most striking finding is that a stressful 

intrauterine environment may be a mechanism that allows 

poverty to replicate itself generation to generation. Pregnant 

women in low income areas tend to be more exposed to 

anxiety, depression, chemicals and toxins, more likely to 

smoke or drink… the result is children who start life at a 

disadvantage…” 



Birth Weight and  

            Insulin Resistance Syndrome  
     Barker Hypothesis 
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Birth Weight and  

 Coronary Heart Disease 
 Barker Hypothesis 
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Critical Periods--Fetal Programming 

• Fetal programming is the concept that there are critical windows 

of time during which an early stimulus or insult operating at a 

sensitive period of prenatal development results in a long term 

adaptation or change in the structure or function of the 

organism. (anticipating future stressful events) 

 

• Thus, a significant portion of the disease burden borne by adults 

may have roots in antenatal nutrition and in poor 

transgenerational maternal health history” - NICHD, 2003 & 

Barker, 2007 

T. Spencer, Texas A&M, Center for Animal 

Biotechnology and Genomics 



 

 

                       Fetal Programming                                  Adaptation 

 

Nutritionally                                    smaller      slower 

Poor environment                            size       metabolic 

(poor maternal nutrition,                                                   rate 
Placental Insufficiency) 

                                                                      Thrifty Phenotype 

 

                                                         “trained to hold onto every possible 

                                                                   stitch of energy that it can, even when 

                                                                   postnatal environment is rich in                       
nutrients” 

                                                         

 

OBESITY 

DIABETES 

HYPERTENSION 

 

 

  

 

 

 

   Fetal 

 Survival 

     2.  FETAL PROGRAMMING & NUTRITION 

 

“Mis-match hypothesis” 



Epigenetics 
Gene-Environment interactions determine expression 

Gibbs WW. The Unseen Genome: Beyond DNA. Scientific American 2003 
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Ability of Foods to Influence Health Depends on the “Omics” 

“Nutritional Preemption” 

Concept that bioactive food components can be introduced at 

points of initiation & progression for pathway leading to an 

unhealthy or lethal phenotype 



FETAL PROGRAMMING AND 

ENVIRONMENTAL   TOXINS 

•Alcohol 

•Substance Abuse 

•Nicotine, Second Hand Smoke 

•Environmental Toxins – 

emissions, pesticides, lead 



  

The Life Course Perspective 

Lu MC, Halfon N. Racial and ethnic disparities in birth outcomes: a life-course perspective. 
Maternal Child Health J. 2003;7:13-30.  

  

TIMING 

ENVIRONMENT TIMELINE 

EQUITY 



LCHD: Birth Outcomes 
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Life Course Health Development 
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1. Maternal Stress & 
Programming of the Fetal HPA Axis 

 

 

 Hypothalamus 

Pituitary 

Adrenal 

+   CRH 

 +  ACTH 

 CRH  

Placenta 

(+)  
Cortisol  
 DHEA-S   

(+) 

(+) 
Hypothalamus 

Pituitary 

Adrenal 

(+) 

CRH 

ACTH 

 
Cortisol  

 Norepinephrine   

11ß HSD •Michael Lu, 2006 



Prenatal Stress &  
Programming of the Brain 

 Prenatal stress (animal model) different set point for HPA 

 Hippocampus 

 Site of learning & memory formation 

 Stress down-regulates glucocorticoid receptors 

 Loss of negative feedback; overactive HPA axis 

 

 Amygdala 

 Site of anxiety and fear 

 Stress up-regulates glucocorticoid receptors 

 Accentuated positive feedback; overactive HPA axis 

 

Welberg LAM, Seckl JR. Prenatal stress, glucocorticoids and the programming of the brain. 
J Neuroendocrinol 2001;13:113-28. 



How Risk Reduction and Health Promotion Strategies  

influence Health Development 

FIGURE 4:  This figure  illustrates how risk reduction strategies can mitigate the influence of risk factors on the developmental trajectory, and how health promotion strategies can simultaneously support and optimize 

the developmental trajectory.  In the absence of effective risk reduction and health promotion, the developmental trajectory will be sub-optimal (dotted curve).  From: Halfon, N., M. Inkelas, and M. Hochstein. 2000. 

The Health Development Organization: An Organizational Approach to Achieving Child Health Development. The Milbank Quarterly 78(3):447-497.  
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Home Visiting Programs 

Health Access Nurturing Development Services 
 

Voluntary, intensive weekly home visitation 
 

First time moms and dads  
 

Regardless of income 
 

Prenatal to two years of age 
 

Designed to improve both health & social outcomes 

Professionals and paraprofessionals 
70 



Risk and protective factors 

Risk Factors 

Child 

Family 

Community 

School 

Protective Factors 

Child 

Family 

Community 

School 

Outcome 
 Negative  

vulnerability 

Positive 

resilience 

   

      



31% less Prematurity 

33% less LBW 

55% less VLBW 

70% less Infant Mortality 

50% less ER Usage 

29-40% less Child Abuse and Neglect 

26% improved/increased Education 

Less developmental delays 

 

Outside Evaluator  

 

OUTCOMES 

72 
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Prematurity and Number of  Prenatal HANDS Home Visits 

(based on 2000-2003 data for all teen mothers with no prior pregnancies, n=19,369)

The likelihood of having a child born prematurely decreases for mothers 

w ho receive at least 6 prenatal HANDS home visits. Higher numbers of 

prenatal HANDS visits appear to contribute to a furthur reduction in the rate 

of premature births.

Note: May include families w ho received subsequent post-natal 

HANDS visits.

Data sources: Kentucky Vital Statistcs Data and 

HANDS participant database

PREMATURITY in HANDS Participants 



0

2

4

6

8

10

12

14

16

18

Timing of Prenatal HANDS visits

%
 B

a
b

ie
s

 B
o

rn
 <

3
7

 C
o

m
p

le
te

 W
e

e
k

s

Preterm Births 13.4 16.3 4.6

No pre-natal visits Visits initiated within 2nd or 3rd trimester Visits initiated within 1st trimester

Rate of Preterm Births in Relation to Initiation of HANDS 
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(Calendar Years 2002, 2003 combined)

Note: May include families who received 

subsequent post-natal HANDS visits.

Data sources: Kentucky Vital 

Statistcs Data and HANDS 

participant database

In general, early initiation of HANDS 

home visits appears to correlate with 

improved preterm birth outcomes, 

despite the high risk nature of the 

population.

Prematurity – 1
st

 Trimester 

74 



0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

P
e
rc

e
n

t 
o

f 
V

L
B

W
 N

e
w

b
o

rn
s

Series1 1.61 1.33 0.85 0.66 0.32

No pre-natal HANDS visits* 1-5 6-10 11-15 16+

Very Low Birth Weight (<1500 grams) by Prenatal HANDS Home Visits 

(based on 2000-2003 data for all teen mothers with no prior pregnancies, n=19,369)

The rate of very low  birth w eight (VLBW) of new borns  to teen mothers w as 

positively correlated w ith the number of pre-natal HANDS home visits received 

by the mother.  This data provides further evidence that HANDS visits 

contribute to improved birthw eight outcomes.

Note: May include families w ho received 

subsequent post-natal HANDS visits.

Data sources: Kentucky Vital Statistcs Data and 

HANDS participant database

VLBW 



 

Social Determinants of Health 

 

 Kaplan, et al. (2000). A Multilevel Framework for Health  in :Promoting Health. Washington, DC: National Academy Press 



19 



  

The Life Course Perspective 
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Maternal Child Health J. 2003;7:13-30.  

  

TIMING ENVIRONMENT 

TIMELINE EQUITY 



BRAIN DEVELOPMENT –  

Neonatology to Neurons to Neighborhoods 

• Nearly half of the brain development happens in the last 4-6 

weeks of pregnancy 

•  The brain is in a critical period of development in the last few 

weeks of pregnancy 

•  Environmental influences (neuroendocrine, nutritional, and toxic) 

may result in permanent adaptations in brain structure and 

function with life-long effects 

•   Everyone from parents to policy makers should understand that 

a healthy in-utero environment is just as important for the child‟s 

brain and cognitive development  as an enriching, nurturing 

environment after birth.  

 



Neonatology to Neurons to Neighborhoods 

• “A growing body of research suggests that the 
contribution a healthy pregnancy makes to optimal 
brain development might be comparable to that of 
appropriate interaction between parents and children 
once they are born, and therefore warrants greater 
attention to efforts to promote high quality prenatal 
care and other public health strategies to support 
and educated pregnant women.” 

 
• Thompson & Nelson, 2001. American Psychologist 56(1):5-15 




