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inTroDUCTion
Interest in the developing brain and 

its plasticity has grown rapidly in the 

past couple of decades and seems to be 

widespread across several disciplines. 

This interest exists among:

a) Neuroscientists, who want to 

understand the basic science of brain 

development 

b) Developmental psychologists, who 

are trying to determine the essential 

competencies required for healthy 

adjustment over time

c) Child psychologists, and other 

clinicians, who wish to understand 

and treat psychological disorders

d) Child-development professionals and 

educators focused on designing early 

and effective intervention programs, 

particularly for children at risk, and

e) Policymakers who want to ensure 

that the programs are cost effective1

In particular, considerable emphasis is 

being laid on the first three years of 

life that are considered most vulnerable 

to adverse influences and, at the same 

time, most amenable to preventive 

interventions. The recent upsurge in 

early intervention programs targeted 

at the first thousand days of life is 

based on the belief that deprivation 

during this period is likely to have 

life-long adverse consequences and 

that preventive/corrective action 

taken during this period is essential 

to prevent such negative outcomes. 

Some of the important questions to be 

addressed in this context are:

•	 How	does	the	brain	develop	in	early	

years?

•	 What	are	the	factors	that	affect	

brain development?

•	 How	do	the	child’s	early	experiences	

shape the brain?

•	 Is	the	brain	of	a	young	child	more	

vulnerable to adverse influences and 

deprivation?

•	 Is	the	effect	of	adversity	and	

deprivation reversible or is it 

permanent?

•	 Can	the	plasticity	of	the	young	brain	

be “used” to train the brain through 

various interventions?

•	 If	so,	which	areas	of	the	brain	

are most trainable and which 

interventions are most effective?

•	 Is	there	an	upper	age	limit	after	

which these interventions are not 

effective?

This paper attempts to answer these 

questions with a focus on the Indian 

context.
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how Does The 
Brain Develop in 
early years?
Let us first understand the development 

of the marvel called “the human 

brain”, which consists of a complex, 

orchestrated chain of processes that 

start in the third week of gestation 

and continue into early adulthood. 

The fusion of the ovum from the 

mother with the sperm from the 

father leads to the development of 

a fertilized egg (zygote), which is 

destined to become the baby after 

undergoing myriads of processes of 

cell division and specialization. The 

formation of a tube-like structure—

called the “neural tube”—heralds 

the formation of the brain and the 

spinal cord. It is from here that the 

special cells of the brain—called 

neurons—and their supporting cells 

are formed. The intricate process of 

brain development is influenced by a 

variety of endogenous and exogenous 

factors, from the expression of genes 

to environmental factors.2 Genes are 

protein material that are passed from 

parents to offspring and are present in 

the nucleus of every cell in the body. 

They express themselves by production 

of specific proteins that participate 

actively in biological development. 

Genes provide the basic foundation 

over which “construction” of the brain 

occurs.	Within	the	organized	genetic	

framework, there are constantly 

changing environmental inputs that act 

like bricks and mortar, and influence 

the complexity of brain structure 

and function. Although both genes 

and environmental influences are 

essential for normal brain development, 

neither is entirely determinative of 

developmental outcome.

Basic structure of 
the brain
The brain consists of important cells 

called neurons and their supporting 

cells called oligodendrocytes. Neurons 

are the information-processing cells 

of the brain, which have different 

shapes, sizes and functions. The body 

of the neuron has several short finger-

like protrusions called “dendrites” 

that are like antennae that receive 

information from other neurons, and a 

long tail-like connecting fiber called 

“axon” that sends information to other 

neurons. The axon is wrapped in a 

fatty material sheath, termed “myelin”, 

which insulates the axon and speeds 

up the transmission process (Figure 1). 

Myelin is white in colour, so, the fiber 

pathways are termed “white matter”. 

Neurons make connections (synapses) 
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with other neurons to form networks 

that are responsible for sensations, 

actions and thoughts. The largest 

neuronal networks are in the thin layer 

on the surface of the brain, which is 

called “neo-cortex”. Some neurons lie 

deep in the brain tissue and are termed 

“subcortical nuclei”. Both the cortical 

and subcortical neurons are gray in 

colour and are, therefore, termed “gray 

matter”.

During fetal life, the neurons 

proliferate in large numbers, migrate 

and aggregate under a robust genetic 

influence, providing the framework 

for the developing brain. Synapses are 

junctions where neurons meet and “talk 

with each other” through chemical 

substances termed “neurotransmitters” 

(Figure 2) 

Formation of synapses starts in the 

third trimester, and continues after 

birth. Before birth, the brain produces 

about 250,000 cells (neurons) per 

minute. At birth, the human brain has 

about 100 billion neurons that are 

yet to be connected into functioning 

networks. Knowledge of some of the 

major neuro-developmental events and 

their timing is crucial for determining 

the effect of environmental 

disturbances on the development of the 

brain (Table 1).

Table 1: 

Time periods of important 

developmental processes in the brain

Time periods Developmental process

prenatal 

3 weeks Formation of a tube 
like structure called the 
Neural tube

6 weeks Production of Neurons

6-18 week Proliferation of neurons

5-7 months Migration of neurons  
and formation of   
connections (synapses)

post-natal 

8 months- Rapid formation 
2 years  of synapses 

(synaptogenesis)

Figure1: Diagrammatic representation of a neuron

Figure 2: Diagrammatic representation of a 
synapse
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The importance of 
early years in brain 
developmental 
process
Brain development during the early 

years of life represents a delicate 

balance between the proliferation of 

neurons and their connections, and an 

intrinsically programmed cell death 

(apoptosis). This intricate mechanism 

of brain development by proliferation 

and controlled cell death is nurtured by 

environmental factors that may either 

protect the neuron or trigger its death. 

The brain is, therefore, extremely 

vulnerable to early-life experiences 

in this period. The enormous growth 

of neurons in the initial months is 

accompanied by increased structural 

and functional connectivity of neuronal 

networks through overproduction of 

synapses and myelination.4 From 8 

months to 2 years of age, there is rapid 

growth of dendrites and formation 

of synapses (synaptogenesis). The 

maximum synaptic density is between 

15 months to 3 years. By the time 

a child is 3 years old, the brain has 

formed about 1,000 trillion connections 

between the neurons. Different areas 

of the brain have different time periods 

for maximum production of synapses. 

The area of the brain responsible for 

vision develops maximum number of 

synapses very early in life, around 3–4 

months of age, whereas the area of 

the brain responsible for intelligence 

and higher level cognition develops 

maximum number of synapses later - at 

about 3.5 years of age.5 Myelination 

also occurs alongside and begins early 

in the area responsible for vision 

and extends gradually to the area 

responsible for intelligence, by the 

postnatal age of nine months.6

There is a robust brain growth in 

children in the first two years of life, 

which consists mainly of grey matter 

and a slower white-matter growth.7 

Overall, the brain size doubles during 

the first year of postnatal life; the brain 

is about 70% of adult size at one year 

of age, and 85% at two years of age 4,7. 

Of the enormous numbers of neurons 

produced, almost half are destined 

to die. Neurons that make “effective” 

connections survive. Similarly, synapses 

that are useful survive, whereas 

those that are not useful die through 

a process of “synaptic pruning”; 

ultimately, only the useful neurons and 

their synapses survive. Each individual, 

thus, develops a uniquely wired 

program of brain development that 

shapes thoughts, behaviour, emotions 

and memories. Therefore, it is aptly 

said, “You are what your synapses are.” 
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Understandably thus, the first 1,000 

days of life are the most dynamic and 

important phase of brain development 

in humans, heralded by increase in 

overall brain size, rapid mapping of 

synaptic networks and myelination of 

white matter, and concurrent rapid-

motor and cognitive development. Thus, 

evidence suggests that the first 1,000 

days represent a critical period in which 

disruption of developmental processes, 

as the result of innate genetic 

abnormalities or as a consequence of 

environmental insults, may have long-

lasting or permanent effects on brain 

structure and function.7 At the same 

time, it must be remembered that the 

brain continues to develop later in 

life, particularly in terms of complex 

cognitive function, and environmental 

influences continue to shape the brain, 

albeit not to the same extent as during 

the early years.

whaT are The 
FaCTors ThaT 
aFFeCT Brain 
DevelopmenT?
Though the foundations of brain 

architecture are laid down early in 

life through dynamic interactions of 

genetic and biological influences, 

various environmental factors 

(Table 2) continue to manipulate 

it. Risks often co-occur and persist, 

leading to exposure to multiple and 

cumulative risks, such as poverty 

leading to maternal malnutrition 

leading to the birth of a low birth-

weight baby with poor attachment 

and lack of stimulation of the child. 

Figure 3: Diagram showing factors affecting brain development of a fetus and cumulative effect of these 
factors leads to adverse effect on developmental capabilities of new born

poverty

maternal malnutrition

maternal disease

lack of health care facilities

prematurity

iUgr/lBw

adverse perinatal events

psychosocial factors

environmental toxins

iodine deficiency

Genetic make up
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Malnourished mothers produce low 

birth-weight children; the girl child 

continues to be malnourished and 

the cycle of malnutrition becomes 

intergenerational. The important 

factors that influence brain 

development include biological as well 

as environmental factors (Fig.3).

Table 2 : 

Some important factors that adversely 

affect fetal and postnatal brain 

development  

Fetal brain post natal brain
development development 

maternal prenatal/Childhood
factors  Factors

1. Nutrition Perinatal   
    complications 

2. Anemia Infections

3. Deficiency of Malnutrition

 vitamins/ 
 micronutrients 

4. Deficiency of Poverty 
 iodine

5. Stress Deficiency of  
  iodine

6. Depression Micronutrient  
  deficiency

7. Infections Lack of   
  stimulation

8. Poverty  Lack of breast- 
  feeding

9. Alcohol intake Lack of secure  
  attachment

10. Exposure to Poor parenting 
 toxins 

11. Maternal illness Exposure to   

  violence

12.  Institution- 
  alization 

Fetal Factors

1. Preterm

2. Low birth weight

3. Intrauterine growth retardation

Biological factors 
Nutrition and Nutrients: Adequate 

nutrition both before and after 

birth is essential for normal brain 

development. Maternal nutrition is an 

important factor since the developing 

brain, particularly in late pregnancy, 

is extremely vulnerable because of 

the rapid development of synapses 

and myelination occurring during this 

time. The vulnerability continues into 

early infancy when the brain grows 

rapidly. Therefore, nutrition during 

infancy is extremely important for 

proper	development	of	the	child’s	brain.	

Although all nutrients are important for 

brain development, some have a greater 

effect during the last trimester of 

pregnancy and first few months of life. 

These include protein, iron, vitamins, 

iodine, micronutrients and essential 

fatty acids (Table 3). Also, certain 

regions of the brain are particularly 

vulnerable, such as the hippocampus 

(area responsible for memory) and areas 

of the brain responsible for vision and 
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hearing. Nutritional deficiency affects both the structure and function of the 

brain, including the chemical messengers, that is, neurotransmitters. Depending on 

the time, extent and type of nutrient deprivation, the effects may be short term 

or long term.

Table 3: 

Some important nutrients and their role in brain development

nutrients           role in brain development

•	 Protein-energy	 •	 Cell	growth	and	multiplication
	 	 •	 Synaptogenesis
•	 Iron	 •	 Myelination
	 	 •	 Neurotransmitter	production
	 	 •	 Energy	metabolism
	 	 •	 Memory	and	learning
•	 Iodine	 Synthesis	of	thyroid	hormones
  All stages of brain development such as neuronal 

proliferation, migration, synaptogenesis, myelination 
Visual attention and processing

•	 Vitamin	A	 •	 Vision	and	memory
•	 Vitamin	B12	 •	 Myelination
	 	 •	 Cognitive	and	language	development
•	 Folate	 •	 Cell	proliferation	and	neural	tube	formation
	 	 •	 Problems	with	learning,	memory	and	attention
•	 Choline	 •	 Neurotransmitter	production
	 	 •	 Stem	cell	proliferation
	 	 •	 Apoptosis
•	 VitB6	 •	 Neurotransmitter	production	for	memory	and	learning
•	 Zinc	 •	 Neurotransmitter	release
•	 Copper	 •	 Neurotransmitter	production

Essential Fatty Acids Myelination
(Omega 3 & Omega 6) Synaptogenesis
Development of retina

Vitamins and Micronutrients: Vitamins 

are essential nutrients required for the 

development of the brain in-utero as 

well as for its functioning postnatally9. 

Some developmental problems related 

to vitamin deficiencies are well 

established, such as the development 

of neural tube defects in the baby 

due to deficiency of folic acid during 

pregnancy. Others have indirect 
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implications, for example, deficiency 

of Vitamin B6, B12, riboflavin and folic 

acid during pregnancy increases the 

risk for low birth-weight and preterm 

delivery10, both of which are associated 

with lower intelligence in later life11. 

Vitamin A deficiency is the commonest 

cause of blindness/visual impairment 

in children and is also associated with 

wasting, stunting and increased death 

rates in children. Therefore, Vitamin 

A supplementation is an important 

preventive intervention in infants. 

Very often, deficiencies of vitamins 

and micronutrients occur together 

rather than in isolation. Feeding 

formulas enriched with multivitamins 

and micronutrients to preterm babies 

has been shown to be associated with 

advanced social and motor development 

at 18 months of age12, improvement in 

attention13, a decrease in risk of infant 

mortality and low birth weight14 and 

improvement in verbal learning and 

memory15.	As	of	now,	there	isn’t	enough	

scientific evidence to recommend 

routine antenatal micronutrient 

supplementation16, but this may be 

useful in settings where pregnant 

women are deficient in micronutrients 

such as in developing countries.

Iron: Iron is an essential component 

of several enzymes that are required 

for brain development. As the 

hippocampus is particularly affected 

by iron deficiency, deficits of memory 

and learning are prominent. Iron levels 

in the umbilical artery are critical 

during fetal development and are 

correlated with the IQ of the child17. 

Iron deficiency Anemia in young infants 

is associated with poor cognitive skills, 

listlessness and reduced energy levels18. 

In India, over 50% of under-five 

children have iron-deficiency Anemia. 

Prevention and/or treatment of iron 

deficiency is, therefore, very important.

Iodine: This is essential for the 

synthesis of thyroid hormones, which 

regulate the metabolic pattern of most 

cells and play a vital role in the process 

of early growth and development of 

the	brain.	According	to	World	Health	

Organization	(WHO),	iodine	deficiency	

at critical stages of fetal life and early 

childhood remains the single-most 

important and preventable cause of 

mental retardation globally19. Studies 

have shown that impaired maternal 

thyroid function leads to developmental 

impairment in the offspring20.

Breastfeeding: This is associated 

with higher scores on tests of neuro 

development and cognition of the 

child21,22 and seems to affect the 

developing brain significantly. 

The effect is possibly due to the 

high concentration of long-chain 
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polyunsaturated fatty acids in breast 

milk but may also be because of many 

other factors, such as growth factors, 

hormones and high levels of cholesterol 

present in breast milk. Moreover, 

breast-feeding enhances contact of 

the baby with the mother, promoting a 

pleasant and secure attachment.

Deficiency of Diet: This and its 

important constituents are known to 

have adverse effects on brain anatomy, 

physiology and biochemistry in the 

critical period of brain development, 

and may even lead to permanent brain 

damage23. Dietary supplementation has 

the maximum benefit among children 

with	deficiencies.	However,	even	

among malnourished children, dietary 

supplementation alone does not have 

as much benefit as it has when coupled 

with environmental stimulation24. 

Long-term follow-up studies have 

documented the additive beneficial 

effects of early childhood psychosocial 

stimulation and nutritional 

supplementation on cognition and 

education25.

Intrauterine and Neonatal Insults/

problems: A number of intrauterine 

insults can adversely affect the 

developing brain in different ways. The 

outcome is determined by the timing, 

extent, duration and nature of insult. 

Any significant insult during the time 

of very early brain development can 

interfere with the process of production 

of neurons or their migration. This 

results in major malformations of the 

brain with consequent severe disability 

in the child. Insults occurring after 

this time may not produce major 

malformations but may still affect 

the white-matter tracts (early third 

trimester) or the cortical grey matter 

(late third trimester) and result in 

spastic cerebral palsy, and other 

problems, such as learning difficulties, 

cognitive or developmental delay, 

hearing and visual impairment. 

Some of the common problems in 

our country include premature and 

low birth-weight babies, neonatal 

infections and perinatal complications, 

particularly lack of oxygen and 

adequate supply of blood to the brain.

Preterm/low Birth Weight: Prematurity, 

low birth weight and intrauterine 

growth retardation significantly 

increase the risk for neurological 

sequelae and motor and cognitive 

delay. Prematurity is often associated 

with small bleeds inside the brain (in 

ventricles) and/or injury to white-

matter tracts that control the tone and 

movements, particularly of the lower 

limbs. This causes spastic cerebral 

palsy in the baby wherein the lower 

limbs are affected much more than 
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the upper limbs (spastic diplegia). Low 

birth-weight babies often have a small 

head and an associated slowing of 

head growth, which is associated with 

psychomotor retardation, cognitive 

delay and abnormal behaviour-rating 

index in infancy, followed by persistent 

cognitive delay, speech delay, motor 

dysfunction and lower scholastic 

performance from childhood all the way 

to adolescence26.

Infections: Infections in early 

pregnancy as well as in the newborn 

can damage the developing brain and 

lead to serious neuro-developmental 

consequences in the baby. Placental 

inflammation as seen with certain 

infections in the mother has been 

shown to be associated with neuro-

developmental disorders and brain 

damage27. Also, infections in the 

newborn, such as meningitis, cause 

severe and often permanent damage to 

the developing brain.

Environmental Toxins: Children might 

be exposed to environmental toxins 

while still in the womb through 

maternal exposure. Alcoholism during 

pregnancy is increasing in our society. 

Depending on the level of exposure, 

the baby may be born with various 

malformations; specific facial and other 

features in the baby are termed “Fetal 

Alcohol Syndrome.” Such children have 

high levels of impulsivity and poor 

neurological development. Excessive 

smoking in pregnancy can lead to 

prematurity and low birth-weight 

babies. Exposure to toxins and heavy 

metals in intrauterine life, such as 

radiation, pesticides, lead, mercury 

and arsenic are known to be associated 

with neurological disability28. Recent 

evidence from Poland has shown 

that prenatal exposure to very low 

concentrations of lead (<5 μg/dL) can 

result in poor mental development in 

young children29. In Brazil, prenatal 

exposure to mercury has been linked 

to low cognitive performance in 

infancy and early childhood. Prenatal 

exposure to pesticides was significantly 

associated with poor communication 

and motor skills.

Maternal Stress: Stress is an inherent 

part of human existence. Some amount 

of stress is considered essential to 

enable the person to learn to overcome 

challenges in life. The “stress-

inoculation” theory postulates that 

early-life stressors if, successfully 

overcome, can induce advantageous 

adaptations30.	However,	several	studies	

have shown that prolonged stress 

has deleterious effects. Excessive 

prolonged stress in the mother, such 

as domestic violence, has several 

adverse influences on the fetus and, 



13

subsequently, the child. These include 

increased risk of spontaneous abortion, 

preterm birth and intrauterine growth 

retardation, a small head and, later, 

lower motor and mental-development 

scores. Several temperamental, 

attention and emotional problems in 

the child have also been reported. 

Various mechanisms have been shown 

to be responsible for these adverse 

effects. Exposure to stressors activates 

the system of stress regulation that 

is the hypothalamus-pituitary-adrenal 

cortex	system	(HPA	axis)31. Very high 

levels of stress hormones, such as 

cortisol and adrenaline, are released in 

the mother and are passed on to the 

foetus and can adversely influence the 

brain development of the unborn child. 

Animal experiments have shown that 

high levels of cortisol in the foetus 

alter the development of neurons 

and result in smaller hippocampal 

sizes32. The “foetal brain-programming 

hypothesis”33 suggests that the 

environment within the womb during 

critical	periods	when	the	baby’s	brain	

is being formed may permanently alter 

its structure and function. Placenta 

and brain development are linked 

and prenatal stress-induced placental 

changes affect fetal development 

adversely28. Adverse effects are 

maximum when the stress occurs during 

early pregnancy34. Several studies in 

humans have documented cognitive, 

behavioural, physical and emotional 

problems in children born to mothers 

with significant prenatal stress35,36. 

Some studies have also linked prenatal 

stress to autism37 and attention deficit 

hyperactive	disorder	(ADHD)38.	However,	

in all these studies, it is difficult to 

tease out genetic influences versus 

environmental factors. In addition, 

a highly stressed mother is unable to 

provide proper care to the newborn and 

this by itself may be an additive factor 

to adverse outcomes.

Poverty: There has been significant 

debate on whether poverty is 

associated with adverse effects on 

the developing brain. Poverty and 

near poverty have been strongly 

associated with diverse indicators of 

poor health at different life stages. The 

hypothesized pathways between low 

income and health include inadequate 

nutrition, housing, or other health-

related material conditions, as well as 

exposure to stressful conditions with 

fewer resources to cope39. Poverty 

during the early childhood period 

may be more damaging than poverty 

experienced at later ages, particularly 

with respect to eventual academic 

attainment.

Poverty and malnutrition have been 

shown to negatively affect both 
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maternal and foetal health and are 

two major factors responsible for 

higher infant and child mortality rates 

observed in developing countries40. 

The negative outcomes linked to lower 

socioeconomic status not only affect 

physical health, but also mental and 

behavioural health, and intelligence 

and academic success (see Figure 4). 

Even in developed countries, it is 

estimated that one in two children 

who live in poverty have below-basic 

reading skills in the fourth grade, 

which is 2.5 times the rate for children 

who do not live in poverty41. Poor 

children are twice as likely to repeat 

a grade, 3.5 times as likely to drop 

out of school, and half as likely to 

graduate	from	a	4-year	college.	Higher	

rates of depression, anxiety, attention 

problems, conduct disorders and 

aggressive and impulsive behaviours 

have been reported in children and 

adolescents from low socioeconomic 

backgrounds42. It must be recognized 

that a number of childhood risks, in 

addition to malnutrition, are often 

associated with poverty, such as lack 

of stimulation, inadequate parenting 

and excessive stress, that affect brain 

development, result in dysregulation 

of the hypothalamic-pituitary-

adrenocortical system and change in 

electrical activity of the brain related 

to efficiency of cognitive processing.

how Do The ChilD’s 
early eXperienCes 
shape The Brain?
As mentioned in the earlier section, 

experience plays an extremely 

important role in shaping the 

developing brain. This starts right in 

the womb, before the baby is even 

born. Normal experience is essential for 

normal development. Several factors —

biological and environmental—interact 

low

socioeconomic

status

malnutrition

adverse prenatal factors

inadequate parenting

poor resources

lack of cognitive stimulation

poor health care access

Domains adversely 
affected -

sensory motor

social emotional

Cognitive - 
language

academic 
achievement

Brain 
development

Figure 4: Effect of low socioeconomic status on brain development and long term effects on cognitive, 
language and academic achievement. The unidirectional flow shows that through various mediators SES 
has a major impact on brain development.
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with genetic factors to shape the brain.

The interplay of various factors on 

brain structure and function and 

their role in increasing susceptibility 

to neuro-developmental disorders is 

depicted in Figure5. 

WHO	lists	four	major	risk	factors	that	

affect at least 20–25% of infants and 

young children in developing countries:

1) Malnutrition that is chronic and 

severe enough to cause growth 

stunting

2) Inadequate stimulation or learning 

opportunities

3) Iodine deficiency

4) Iron-deficiency Anemia

The role of nutrition, iodine deficiency 

and iron deficiency has been 

discussed in the earlier section. Let 

us now examine how the lack of early 

stimulation, neglect and abuse affect 

the development of the brain and 

whether enriched environments can 

help mitigate or reverse these adverse 

effects.

lack of early 
stimulation, 
deprivation, child 
neglect and abuse
All infants need an atmosphere in 

which they have a caring adult —

parent or caregiver—with whom they 

can develop a trusting, secure and 

confident relationship. This close 

emotional attachment in early life 

helps	in	reducing	a	child’s	fear	in	a	

Figure 5: The interplay of various factors on brain structure and function and role in increasing 
susceptibility to neuro-developmental and neuro-psychiatric disorders (modified from Buss et al, 201243)

•	Malnutrition

•	Anemia

•	Iodine	deficiency

•	Maternal	stress

•	Infections	/	inflammation

•	Poverty

•	Drugs	/	toxins

•	Trauma

•	Volume/shape	of	gray	
matter structures (e.g., 
hippocampus, amygdala)

•	Cortical	thickening	/	
organization

•	Synaptic	connections

•	Myelination

•	Neurotransmitters

•	Developmental	delays

•	Cerebral	palsy

•	Learning	disabilities

•	Socio-emotional	problems

•	Behaviour	problems

•	ADHD

•	Autism

Brain alterations

Developmental /
congnitive consequencesprenatal disturbances

postnatal environmental modifiers
Lack of stimulation
Child abuse
Malnutrition
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new environment and enables the 

child to explore the environment with 

confidence; this is termed as a secure 

base.	It	also	increases	the	child’s	

feeling of competency and efficacy. In 

a situation where the child is brought 

up by an abusive caregiver, the child 

may develop insecure attachment. 

Certain children brought up in 

orphanages may have no consistent 

caregiver and may develop inconsistent 

responses to caregivers. The quality 

of attachment has a significant 

impact	on	child’s	social	and	emotional	

development. Children with secure 

attachments have a greater capacity for 

emotional balance and stress regulation 

than those with insecure attachments.

Growing up in situations of neglect 

can have severe adverse short-

term and long-term consequences. 

Needless to say, neural plasticity 

grants resilience to the growing 

brain even when children experience 

non-optimal parenting or conditions 

of social and economic adversity. 

However,	exposure	to	stress	at	levels	

that overwhelm the ability of the 

child to manage may negatively affect 

brain	development.	Whereas,	the	

protected, enriched environment of 

homes and parental supervision aids 

neurodevelopment, deprived children—

such as institutionalized, orphaned, 

neglected or maltreated children—

lack the dynamic experiences and 

inputs necessary for several aspects 

of neuro-behavioural development. 

As stated earlier, deprivation often 

includes a host of different factors 

such as maternal deprivation, lack 

of stimulation and the lack of 

consistent and supportive care-

giving relationships and, quite often, 

there is associated lack of adequate 

nutrition and medical care. Infants 

who have received adequate nutrition 

and medical care but no socio-

emotional care usually become socially 

unresponsive and have both physical 

and cognitive delays. Severe socio-

emotional deprivation not only leads to 

behavioral and psychological problems, 

but can actually lead to arrest of 

physical development as well, with 

the child being stunted in height and 

with a low weight, a condition termed 

“emotional dwarfism.”

Impact of early experience on brain 

architecture comes from animal and 

human studies ofdeprivation44,45. 

MRI-based studies in institutionalized 

children have shown significantly 

decreased metabolism in areas of 

learning and memory (prefrontal 

cortex, amygdale, hippocampus), 

delayed maturation of frontal brain 

circuits and their reduced functional 
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connectivity with other brain regions, 

reduced synaptic density and dendritic 

branching and overall reduction in the 

size of neurons as compared to normal 

children46,47,48. These children show 

dramatic reductions in brain activity, 

problems in attention regulation 

and emotional control and scholastic 

difficulties Childhood neglect and 

maltreatment disrupts the attention 

systems that subsequently impair the 

notice, interpretation and response to 

social interactions in young children. 

Adoption into warm, loving homes or 

placement in high-quality foster care 

before the age of two years has been 

shown to improve their brain activity 

and reverse the effects of maltreatment 

to a large extent48.	However,	maltreated	

children who experience unstable 

foster care placements perform poorly 

on tests of executive functioning and 

have behavioural issues even later into 

adolescence, thus, underscoring the 

long-term impacts of early deprivation. 

Children subjected to abuse also 

have a decrease in grey matter with 

poor executive function, problems 

with emotional and behavioural 

development, poor motivation, 

a low emotional intelligence and 

even problems with memory and 

visuo-spatial perception. Abuse 

in early life, particularly from the 

caregivers, increases vulnerability for 

psychopathology, such as depression, 

in later life. In infants and young 

children, dysfunctional social behaviour 

is seen49. 

The exact mechanism by which 

abuse alters the trajectory of brain 

development is not known. The 

“emotional brain” (limbic area—

amygdala and hippocampus) is 

responsible for emotions, behaviour, 

memory and stress-related 

responses—the so-called fight, flight 

or freeze response. Animal models 

have implicated the involvement 

of the amygdale and imbalance of 

neurotransmitters in infants with social 

isolation	and	abuse.	Human	studies	

have also demonstrated that 38% of 

abuse survivors had increased rate of 

abnormalities in the limbic system, 

particularly so in cases of sexual 

abuse, and even more so with more 

than one type of abuse. Thus, social 

and emotional deprivation and abuse 

in early life have significant adverse 

effects on brain development, both in 

terms of structure and function, with 

several negative outcomes. Although 

brain plasticity can mitigate some of 

the adverse effects, the affected neural 

circuits do not process information 

as well. The implications for later 

attempts to improve development are 
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obvious—the task will be harder, more 

expensive and perhaps sub-optimal and 

short lasting.

effects of enriched 
environment
Both animal and human studies 

have demonstrated that enriched 

environments can induce important 

changes in the brain, including 

enhanced functioning and development 

in areas related to cognitive capacity, 

learning, memory, and resilience—

these include metabolic as well as 

structural changes. Additionally, 

the changes in the brain include an 

increase in blood flow (which increases 

oxygen to the neurons) and an increase 

in special proteins (growth factors)—

important	for	the	brain’s	survival.	Apart	

from that, levels of certain beneficial 

brain chemicals, such as acetylcholine, 

(a common neurotransmitter known to 

help with memory formation), opioids 

(pleasure and analgesic) and serotonin, 

enhance mood and improve cognitive 

flexibility. In addition, stimulation 

produces larger neurons with not only 

an increase in size but also increased 

dendritic length and more complex 

branching, enabling them to make more 

connections (see Figure 6). There is also 

an increase in the number of supporting 

(glial) cells that interact closely with 

neurons50. These effects are robust 

and correlate with overall brain weight 

increases of 7 to 10 percent after 60 

days.

The connectivity of the brain is also 

increased due to the increase in 

synapses. This increased connectivity 

and mapping is central to cognition 

and processing and leads to increased 

responsiveness and learning efficiency. 

An enriching environment may support 

the process of long-term potentiation, 

meaning that it enhances the very 

processes by which learning and 

memory take place.

Animal and human studies also suggest 

that enrichment refines the neuronal 

circuitry and can influence recovery 

from genetic disorders, trauma and 

brain impairments as well as from 

effects of maternal separation, early 

neglect, abuse or negative effects 

of a stressful social experience. Even 

profound neural and behavioural effects 

Fig 6: Changes in structure of neurons with (A) 
deprivation and (B) enriched environment

(A)                             (B)
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caused by early environmental neglect 

and isolation can be largely reversed by 

providing an enriched environment.

is The Brain oF a 
yoUng ChilD more 
vUlneraBle To 
aDverse inFlUenCes 
anD DeprivaTion?
To understand this, one needs to be 

familiar with the concept of “critical 

period” and sensitive time windows. 

Critical period is defined as a regulated 

time window during which sensory 

experience and intrinsic neuronal 

activity provide information that is 

essential for normal development and 

refinement of neural circuits. During 

this time, neural networks are most 

sensitive to environmental influences, 

such as learning and instruction. Brain 

disruption or insult during a critical 

period is thought to be particularly 

detrimental, causing a cessation of 

development or altering its course. 

Therefore, some people define critical 

period as the age range during which 

developing brains can be altered in 

a profound and permanent way by 

abnormal experience. There are multiple 

critical periods associated with various 

brain functions, and critical periods 

for early sensory processing are shorter 

and earlier than critical periods for 

higher complex functions or cognitive/

executive functions (Figure 7). This 

has important implications in terms of 

differential vulnerability of the brain at 

a given point in time.

Critical or sensitive periods are 

hallmarks of early development, 

which result in either particularly 

good, or conversely, particularly 

poor outcomes. They mark phases of 

increased plasticity, when specific 

brain circuits are maximally sensitive to 

acquiring certain kinds of information. 

This	was	established	by	Hubel	and	

Wiesel’s	landmark	paper51, wherein 

they showed that kittens deprived of 

visual stimulation soon after birth 

had permanent loss of vision. Visual 

experience was shown to be essential 

for the development of areas of the 

brain functionally responsible for 

Source : Adapted from Doherty 1997

Fig 7: Critical Periods for Some Aspects of Brain 
Development and Function
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vision. Recent research in humans has 

also shown that particular regions 

of the brain, responsible for vision, 

develop their function in the first 

few months of life and if these areas 

are visually deprived during the 

critical period, permanent deficits 

in visual motion perception persist 

throughout life52. Also in infants with 

squint, if defects are not corrected 

in preschool age, irreversible loss of 

vision can occur in the deviating eye. 

The concept of critical periods has 

been best established for the visual 

system wherein visual deprivation 

in early life leads to permanent loss 

of vision, but this does not occur in 

later	life.	Within	the	motor	system,	a	

similar “critical period” is described, 

wherein the function of a damaged 

motor area of the brain is taken over 

by an undamaged area of the brain 

by the process of re-organization of 

neural networks and pathways; such 

compensation/re-organization does 

not occur in adults. Critical periods 

for more complex neuro-behavioural 

domains are less well understood53. 

Studies have shown differentially 

poor outcomes for children sustaining 

either localized or diffuse brain insult 

before the age of 2 years54,55,56,57 for 

intellectual ability, language, memory, 

attention and executive function. 

However,	many	questions	remain,	for	

example, are there different critical 

periods for neuro-behavioural domains? 

Do some skills have shorter critical 

periods? Are some functions less 

likely to be influenced by plasticity 

processes?

Sensitive time window is a restricted 

period, during which synapses are 

particularly vulnerable to impairment. 

Although some scientists tend to define 

critical periods and sensitive windows 

differently, others tend to use the 

terms synonymously. Recent research 

suggests that sensitive time windows 

exist during development in some 

neuro-developmental disorders wherein 

some synapses are more susceptible to 

alteration, and these can also lead to 

developmental impairments in critical 

periods58.

Therefore, there is scientific 

evidence to show that the brain is 

highly vulnerable in early childhood, 

particularly during the critical periods 

of development of specific functions.

is The eFFeCT oF 
aDversiTy anD 
DeprivaTion 
reversiBle or is iT 
permanenT?
As discussed above, adversity/

deprivation that affects the 
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brain during the critical period of 

development of a certain function can 

lead to permanent loss of that function. 

On the other hand, the developing 

brain has a unique property termed 

plasticity. Plasticity is defined as the 

brain’s	ability	to	change	in	response	

to experience, whether it is a positive 

or negative experience59. It is one of 

the most prominent features of the 

nervous system and aids development. 

Neuronal plasticity allows the brain to 

learn skills and remember information, 

to reorganize neuronal networks in 

response to environmental stimulation, 

and to recover from brain and spinal 

cord injuries. Plasticity of the brain 

is maximum in infancy and early 

childhood, and helps children recover 

from insults to the developing brain. 

Certain insults that leave a permanent 

deficit in adults do not do so in young 

children—for example, damage to the 

left side of the brain in early life does 

not produce loss of language, whereas 

the same type of damage leads to 

permanent loss of language (aphasia) in 

adults.

A number of studies have documented 

the reversibility of adverse effects of 

early deprivation after appropriate 

intervention programs. It is now 

accepted that there is beneficial 

effect of “enriched nurture on 

nature”, meaning thereby that the 

epigenetic effects that occur during 

early development can be prevented or 

reversed by appropriate intervention. 

Grantham-McGregor et al demonstrated 

that children stunted at birth, if given 

nutrition and stimulation after birth, 

can approach the performance of 

control children after 24 months60,61. 

In a landmark randomized study by 

Walker	et	al62, growth-retarded 9-to 

24-month-old Jamaican children were 

followed in adult life. They observed 

that at 22 years of age, those who had 

received nutritional supplementation 

and/or psychosocial stimulation in early 

childhood showed significant beneficial 

effects on IQ, reading and mathematics 

scores, and educational achievement, 

and were less likely to be involved in 

serious violent behaviour, and had 

sustained benefits well into adulthood. 

Various orphanage studies also show 

that adverse effects of early neglect 

can, to a large extent, be reversed if 

children are adopted, or placed early in 

warm and caring atmospheres of foster 

homes. In the Abecedarian randomized 

study of intensive yearly preschool 

program versus no specific program, 

children not in the preschool program 

showed some improvement in the 

reading and numeracy function but the 

effect was small and gradually lost. The 

children given the preschool program 
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and the standard school program 

showed much better school performance 

but there was some loss of performance 

by age 21. The children given the 

preschool program plus the three-year 

education program showed the biggest 

gains and this was sustained63.

All these studies show that many 

harmful effects of early adversity 

and deprivation are reversible, 

provided children receive appropriate 

intervention. 

However,	all	insults	in	childhood	may	

not necessarily be entirely reversible. 

Despite extensive research, recovery 

from early brain insult/deprivation 

remains imperfectly understood. A 

great variability in outcome has been 

reported by different researchers. 

Although children have considerable 

plasticity that helps in better outcome, 

they can also have poor outcomes. 

Hence,	there	are	two	sides	of	the	

debate—“early plasticity” that allows 

for greater flexibility and a better 

outcome and “early vulnerability” that 

refers to the unique susceptibility 

of the brain and subsequent poor 

outcome. Perhaps, these two models 

reflect opposite extremes along a 

“recovery continuum” 64. Thus, recovery 

of brain functions after early insult is 

not uniform. Lower-order skills, such as 

simple language, visual and sensory-

motor skills, which might be considered 

to be controlled by less complex neural 

networks, often show evidence of good 

functional recovery 65,66,67.	However,	

recovery of more complex skills—such 

as attention, executive functions or 

social cognition—which are likely 

governed by complex and diffuse neural 

networks 68,69,70,71 appear less complete. 

In addition to the above 

considerations, it seems that the 

developmental stage of the brain and 

the level of a particular skill at the 

time of brain insult also influence 

the outcome. At any time through 

the lifespan, outcome depends on an 

interaction between brain maturity, 

nature of skill (lower- or higher-order) 

and level of skill maturity (emerging, 

developing or established) at the time 

of insult, and the appropriateness 

of the intervention being provided. 

In	Dennis’	model,	established	skills	

are generally associated with best 

recovery 72. In contrast to adults, the 

full extent of consequences of insult 

brain/deprivation may not be apparent 

until many years post-insult. This 

supports the importance of long-term 

intervention and follow-up for children 

with early brain insult.

Therefore, the reversibility or otherwise 

of an adverse influence early in life 

seems to be determined by several 
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factors, including the timing, 

extent, and severity of insult, level 

of development of a particular skill 

and various environmental factors. 

Review of research shows that neither 

early plasticity nor early vulnerability 

perspectives are able to explain the 

range of outcomes following early 

brain insult, and that each represents 

an oversimplification of the multiple 

complexities in play 73.

Based on available research, one 

can conclude that in general, most 

adverse effects of deprivation on 

the developing brain (except those 

that occur during critical periods) 

are reversible to a large extent with 

appropriate timely intervention. 

However,	this	may	not	be	universally	

applicable to all insults.

Can The plasTiCiTy 
oF The yoUng 
Brain Be “UseD” 
To Train The Brain 
ThroUgh varioUs 
inTervenTions?
Through neuroscience we now know 

that neuronal plasticity is enhanced 

in the developing brain and, thus, the 

child’s	brain	has	a	greater	capacity	

for adaptive changes than the adult 

brain. Adaptive plasticity is a term 

used for plasticity that serves a useful 

purpose for learning, or for recovering 

from an injury or disability, and has 

an adaptive advantage; for example, it 

has been shown that children who start 

practising musical instruments early 

in life develop larger representative 

areas in the brain as compared to 

those who do not practice music74. In 

terms of recovery after injury, seminal 

research in infant monkeys showed that 

unilateral injury to the motor cortex 

in infancy resulted in better outcomes 

than those seen in adults, because 

of re-organization of function to the 

hemisphere on the opposite side of the 

brain (contralateral re-organization)75. 

This came to be known as the “Kennard 

principle.” This is also seen in children, 

for	example,	if	an	area	of	child’s	brain	

gets damaged or is removed surgically 

because of epilepsy, other areas of the 

brain “pick up” the functions of the 

damaged area to a greater extent than 

in	adults.	Not	only	is	the	child’s	brain	

capable of re-organization of functions, 

it is also capable of “recruiting” other 

modalities of stimulating the damaged 

area. For example, the brain of children 

who are congenitally blind gets 

activated by other non-visual tasks, 

such as sound and touch with Braille-

reading fingers. Therefore, the inherent 

plasticity of the brain can be “used” to 

train a blind child by providing sound 
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and tactile stimulation. It must also 

be remembered that plasticity can 

best be used during critical periods 

when the brain is most sensitive to 

environmental influences.

In the context of healthy development, 

plasticity is usually beneficial. 

However,	the	immature	brain	may	

not always benefit from plasticity 

processes. Although the lack of 

functional specificity of the immature 

brain helps in transfer of functions 

from damaged to undamaged areas, the 

brain’s	capacity	for	plasticity	might	

also reflect “vulnerability”. In addition, 

plasticity can also get misdirected or 

enhanced in a way that is harmful, or 

at least not beneficial to the child. A 

child may recover from early brain insult 

using biological processes involved 

in plasticity but this may become so 

exaggerated that the child actually 

ends up having problems because of it, 

such as marked increase in tone of the 

muscles (dystonia). At times, abnormal 

neuronal networks may form in the 

affected areas of the brain during the 

recovery process. These may cause 

seizures later in life.

Thus, the inherent plasticity of the 

brain scan help in recovery from early 

deprivation or insult, but the outcome 

is determined by several factors. 

Several studies have shown that the 

plasticity of the brain can not only 

be used to train the brain, but that 

interventions can be made much more 

effective if they are based on an insight 

into the mechanisms of plasticity.

iF so, whiCh areas 
oF The Brain are 
mosT TrainaBle 
anD whiCh 
inTervenTions are 
mosT eFFeCTive?
Brain research shows that the infant 

brain is remarkably trainable. But is 

the whole brain uniformly amenable 

to training or are these specific areas 

that are more trainable than others? 

Functional and structural studies 

of the brain have demonstrated 

that the brain is organized into 

various specialized areas that are 

responsible for specific functions 

(cortical	maps).	However,	there	is	

lack of direct evidence to establish 

a water-tight compartmentalization 

and specialization of functions. 

It is, of course, well known that 

language is located (lateralized) to 

the left (dominant) hemisphere in 

adults.	However,	the	exact	timing	of	

lateralization is not yet clear. On the 

other hand, some scientists believe that 

in infants, the brain is equipotential, 



25

such that any region of the brain is 

capable of taking over the function of 

another region that may be damaged, 

so that the person does not suffer 

any loss of function. Others76,77 have 

taken a compromise position, where 

brain development is characterized by 

increasing specialization over time, 

or fine tuning of response properties, 

with these properties specific to brain 

regions and changing as they interact 

and compete with each other to acquire 

their roles. This has been supported by 

functional neuro-imaging studies that 

demonstrate increasing lateralization 

of language with increasing age. It 

is generally agreed at that the age 

at which a child sustains brain insult 

will influence their development and 

mastery of neuro-behavioral skills, 

although the relationship is not a 

simple one55. 

The sequence of maturation of 

particular brain regions for typically 

developing individuals also varies—for 

example, auditory and visual regions 

mature early, language later, and 

higher-order cognitive functions later 

still. The pre-frontal cortex (the area 

of the brain responsible for cognitive 

functions) develops over a protracted 

period, which continues well into 

adolescence and may be especially 

vulnerable to early experience. 

Presumably, this may account for the 

continuing experience-dependent fine 

tuning of attention, learning, emotion, 

and memory well into adulthood. 

Improvement, mainly in cognitive 

outcome, has been demonstrated after 

early intervention in infants who are 

at risk of social disadvantage78. Recent 

research has also documented improved 

cognitive development during infancy 

and school age after early intervention 

in infants with biological risk, 

especially in preterm infants79.	However,	

a similar beneficial effect on motor 

outcome has not been documented. 

Also, there is little evidence to show 

that beneficial effects on cognitive 

outcome persist into school life or 

later in all cases. It is well known that 

certain areas of the brain, such as 

vision, are trainable only upto the time 

of critical windows, whereas others 

such as behaviour, cognition, fine 

tuning of motor skills with repetitive 

sensory inputs, continue to be trainable 

for several years. Therefore, there is 

some evidence to suggest a differential 

response of certain functions to 

intervention.	However,	whether	some	

areas of the brain are more trainable 

than others cannot be answered on 

the basis of available research; further 

fine-tuned well-designed studies are 

needed. So, though research supports 

the fact that certain areas of the 
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brain continue to re-organize well into 

adulthood—and it seems plausible that 

different areas are more trainable than 

others—there is little evidence to show 

that enhanced plasticity persists in 

select brain areas.

which interventions 
are most effective?
There has been a tremendous spurt of 

a variety of intervention programs for 

children at risk. Many of these programs 

have documented improvements 

in	developmental	outcome.	Which	

interventions are most effective is 

a difficult question to answer. The 

effect of intervention programs is 

determined by several factors, such as 

the contents of the program, the age of 

the child at the time of inclusion, the 

intensity and duration of the program 

and, importantly, the underlying risk 

factor in the child. It is generally 

believed that repeated sensory inputs 

or reinforcement of certain appropriate 

functions would maximally benefit the 

child.	However,	few	studies	have	looked	

into the contents of the intervention 

programs and developmental outcome80. 

The importance of involvement of the 

parents and family has been highlighted 

in many recent studies81,82.	Warm,	

responsive parenting and programs 

that encourage such infant–parent 

interactions are associated with better 

developmental outcomes83. In the 

Groningen VIP project, empowering of 

parents or caregivers to make their own 

decisions and challenging infants with 

varied self-induced motor activities 

was shown to be associated with 

better functional outcome, particularly 

mobility at 18 months age. Although 

a transient improvement in cognitive 

outcome after sensory and passive 

experiences was seen, these were 

associated with negative functional 

outcome83. In preterm babies, reduction 

of stress is also an important factor 

that helps in better outcome. There are, 

of course, several interactions between 

personal and environmental factors that 

influence the outcome of intervention 

programs.	Well-designed	studies	that	

examine all these factors and their 

interactions are needed.

is There an Upper 
age limiT aFTer 
whiCh These 
inTervenTions are 
noT eFFeCTive?
The recent emphasis on reaching 

the under 3 is based on the fact 

that the plasticity and simultaneous 

vulnerability of the brain is maximum 

during this time. There is also the 
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apprehension that if you miss the boat 

during this time, nothing can be done 

later. Indeed, the benefits of early 

intensive intervention programs have 

been documented in several studies 

with long-lasting improvement in 

outcome in some. Undernourished 

children who received nutritional 

intervention in early life showed 

not only nutritional recovery but 

also improvement in developmental 

levels61. Early psychosocial stimulation 

of children from disadvantaged 

backgrounds has shown long-lasting 

benefits on cognitive development 

and educational achievement. A 

combination of nutritional and early-

stimulation programs showed grater 

benefits than either alone. In all these 

programs, it was generally seen that the 

earlier the intervention was started, 

the	greater	was	the	benefit.	However,	

the question is whether there is indeed 

an upper age limit beyond which these 

interventions are ineffective? To answer 

this, one has to again refer to the 

developmental processes that determine 

the plasticity of the brain.

There are indeed some forms of age-

specific plasticity associated with 

critical windows; if intervention is 

performed during this time, it is 

beneficial, but if delayed, there may 

be no benefit. This is best exemplified 

in cases of treatment of blindness 

(amblyopia), wherein corrective 

measures can restore vision if applied 

early but not if delayed beyond early 

childhood. Similarly, in deaf children, 

cochlear implants are most helpful 

when inserted in early years. If delayed 

beyond 7 years of life, there is very 

little benefit in terms of speech 

development84,85. Also, it has been 

shown that in language-deprived 

children, acquisition of language is 

best if intervention occurs within 

the preschool period, then declines 

markedly by 10 years86 of age.

It is now well known that if an area of 

the brain loses its primary function 

in early life, it may get recruited for 

another function. For example, if the 

area of vision is damaged in early life, 

it takes on the function of hearing—a 

phenomenon designated as cross-

sensory plasticity87. But, this audio-

visual cross-modal plasticity is not 

possible after 3 years of age. Similarly, 

other behavioural studies suggest 

that the critical period of cross-modal 

remodelling is the first 3 years of life.

Thus, there are certain functions of the 

brain that can recover with intervention 

only	during	early	childhood.	Hence,	

the importance of intervening early 

cannot be over emphasized. At the 

same time, it must be remembered 
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that dynamic and continuing changes 

in brain architecture and function 

occur throughout the course of 

development. Specialized neuro-

imaging techniques have established 

that there is ongoing synaptic pruning 

and increased myelination that 

lead to increased neural efficiency 

and faster network connections, 

particularly in the prefrontal cortex 

that parallel the behavioural changes 

observed during development. Neural 

regions previously associated with 

experience-expectant mechanisms, 

such as motor abilities and language, 

show a high degree of plasticity across 

development. Thus, presumably these 

areas of the brain remain plastic well 

into adulthood, reinforcing the notion 

that development in terms of memory 

and learning is not restricted to the 

early years. This is exemplified by the 

study in London taxi drivers, which 

showed that the area of the brain which 

is critical for spatial representation 

(hippocampus) was significantly larger 

than in controls (people who were not 

professional drivers), and the increase 

was proportionate to the length of 

their driving experience88. This study 

confirmed that the hippocampus is 

structurally altered by an increase 

in navigational experience. Similar 

structural changes in the representative 

motor area of the brain have been 

shown in adults by using a variety of 

training paradigms, including complex 

visuo-motor tasks such as juggling89, 

and music training90. Together, these 

studies provide evidence that brain 

plasticity for certain activities is not 

restricted to the first few years of life, 

and support the view that intervention 

applied at almost any stage in life 

would affect the ongoing synaptic 

changes and have beneficial effects. 

Studies on rehabilitation of adults 

with stroke corroborate this. Intensive 

intervention leads to significant 

improvement in motor function. 

Thus, while there is strong evidence 

that shows maximal effects of 

intervention started very early in 

life (particularly for some specific 

functions), there is also scientific 

evidence to show that benefits of 

intervention can be obtained even later 

in life for other functions, particularly 

for memory and learning. Barring some 

critical functions, it is never too late to 

intervene.

Conclusion 

The development of the human brain 

is a programmed complex process that 

depends on the interplay of several 

genetic and environmental factors. 

The first 1,000 days represent a period 

of rapid growth and development 
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with the formation and functional 

specialization of neurons. This 

also marks the period of extensive 

connectivity through synapses and the 

building of communication networks 

between neurons. Although the genetic 

framework of the individual forms 

the basic foundation of brain growth 

and development, it is continually 

influenced and modified by several 

biological and environmental factors. 

Whereas	the	debate	regarding	the	

relative importance of nature or nurture 

continues, there is enough evidence 

to say that both are perhaps equally 

important and are, in fact, intertwined 

to produce the final marvel product, 

that is, the human brain. An optimal 

environment before and after birth is 

essential for optimal development. For 

the purpose of providing optimal care 

to children in their early, formative 

years, holistic care of the mother-

infant duo is advised. An enriched 

environment, warm and responsive 

parenting, secure attachment with 

adequate stimulation and nutrition 

are essential for healthy development 

during the first 3 years of life. The more 

stimulating the early environment, the 

more	a	child	develops	and	learns.	When	

children spend their early years in a 

less stimulating, or less emotionally 

and physically supportive environment, 

brain development is affected and leads 

to cognitive, social and behavioural 

delays. Later in life, these children 

have difficulty dealing with complex 

situations and environments.

Plasticity—the unique property of the 

developing brain wherein it can modify 

its structure and function in response 

to various stimuli and experiences—is 

also at its peak during the first 1,000 

days of life. There are certain critical 

periods during brain development that 

are important windows within which 

the developing brain can be altered in a 

profound way by abnormal experience. 

Certain functions of the brain develop 

only if there is appropriate stimulation 

during these critical periods. Lack of 

stimulation/intervention during this 

period can lead to permanent loss of 

function. Therefore, the developing 

brain	is	quite	vulnerable.	However,	at	

the same time, the developing brain 

has a fascinating capacity for one area 

taking over the function of another 

damaged area, which is termed “re-

organization of functions”, and which 

helps the infant retain important 

functions albeit in a different area of 

the brain. The acquired function can be 

either similar to, or at times different 

from, the one that was damaged. 

Thus, the plasticity of the developing 

brain can be used to train the child. 

There are different time periods for 
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peaking of plasticity in different areas 

of the brain; this can help in guiding 

intervention	programs.	However,	it	is	

not yet clear whether some areas of the 

brain are more trainable than others. 

Early intensive intervention programs 

have shown benefit particularly in 

cognitive outcomes. The ones that 

had active and participatory parental 

involvement showed the most benefits.

Undoubtedly, early childhood is 

the most intensive period of brain 

development during the lifespan and 

most sensitive to influences of the 

external environment. Some functions 

can be acquired only in early infancy 

and it seems that 3years is the upper 

age limit for acquisition of these 

functions.	However,	brain	changes	

in response to environment continue 

beyond the early years and depend 

on various environmental inputs. 

Therefore, some areas of the brain 

remain plastic well into adulthood, 

particularly those related to memory 

and learning. Research on the 

developing brain suggests continuing 

opportunity for change into adulthood 

and provides no evidence that there is 

some age beyond which intervention 

will fail to make a difference. In fact, 

this research provides exciting new 

clues as to what kinds of therapy 

might be most helpful for children 

who have experienced difficult lives. 

Needless to say, the costs of providing 

interventions/therapies in terms of 

human and economic resources is far 

greater than the costs of preventing 

these problems by promoting healthy 

development of the brain during the 

first few years of life.

recommendations
The following recommendations emerge 

from this research:

To ensure optimal development of the 

child’s	brain:

1. Optimal care should be provided to 

the mother–infant duo, both during 

pregnancy and after birth. This 

includes appropriate antenatal care 

(nutrition, immunization, education 

regarding parenting) and safe 

delivery.

2. Exclusive breastfeeding should be 

encouraged for at least the first 

six months of life. Subsequently, 

adequate nutrition with a mixed diet 

should be provided to the child. 

3. An enriched stimulating environment 

should be provided to the child in 

early life along with the above.

4. All at-risk babies should receive early 

intervention; parents should have 

active participation in the program.

5. Interventions for problems with 
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vision, hearing and speech should 

be provided within their respective 

critical periods.

6. Although the first 1,000 days 

of life are most important, 

this should not form a limit for 

providing intervention. All children, 

irrespective of their age, should be 

provided intervention when needed.
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