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BRAIN DEVELOPM
ENT

Decades of research show that the environment of a child’s earliest years 
can have effects that last a lifetime. The biological embedding of early 
experience in brain development is supported by numerous studies.1 
Thanks to recent advances in studying the brain, we have a clearer 
understanding of how these effects are related to building early brain 
architecture. Neuroscientists can now identify patterns of brain activity 
that are associated with various types of toxic stress, such as growing 
up in poverty.2 

Although the dangers of early toxic stress, like poverty, neglect and 
maltreatment, have long been recognized, we can now ‘see’ their effects 
using brain scanning technology. Scientists continue to do research to 
determine exactly how experiences affect development, and exciting 
advances continue to enhance intervention and prevention efforts.3 

The first years of life 
are a vital period for 
early brain development.



The architecture of a child’s brain is 
affected by early experiences.

Specialized brain cells called neurons send and receive information 
by forming connections with one another. The connection is called a 
‘synapse’. The newborn brain continues to add neurons over the first few 
years of life and grows at an amazing rate. It doubles in size in the first 
year, and by age three it reaches 80 percent of its adult volume.4-6 This 
growth is due mostly to neuron growth and new synapses being made.

Even more importantly, connections are formed at a faster rate during 
these years than at any other time. In fact, the brain creates many more 
connections than it needs: at age two or three, the brain has up to twice 
as many connections as it will have in adulthood (FIGURE 1). The 
experiences of a child play a big role in determining which surplus 
connections are gradually eliminated throughout childhood and 
adolescence, a process sometimes referred to as pruning.7

The growth and pruning of connections 
responsible for specific functions like vision, 
language or learning, occur at different rates.

Senses like hearing, vision and touch mature rapidly and are especially 
responsive to early external input during early infancy. The connections 
that are important for language development and social interactions 
mature over a longer period of time, but are particularly sensitive in 
toddlers (FIGURE 2).

For these skills, the first 3 years is the period when the brain can “capture” 
experience more efficiently than it will be able to later, when the pruning 
of unused connections is underway.7

Newborn 1 Month 9 Months 2 Years Adult

FIGURE 1:

Neuron Growth & 
Connections Over Time 
Source: Corel, JL. The postnatal development 
of the human cerebral cortex. Cambridge, MA: 
Harvard University Press; 1975
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Genetic and environmental factors work 
together to shape early brain development.

Although the first stages of brain development are strongly affected 
by genetic factors, genes do not design the brain completely.8,9 Instead, 
when and where genes are used is fine-tuned according to the input they 
receive from the environment – this happens even during pregnancy 
when maternal nutrition and stress can influence the early phases of 
brain architecture. These gene-environment relations allow for each child 
to adapt to their surroundings more readily and more quickly than they 
could if genes alone determined the brain’s wiring.10 There are two major 
ways that genes and environment work together to sculpt the brain. 
One is through inheriting certain forms of genes that can have very 
different interactions with the environment.11 The second is through 
environmental influences that can alter the read-out of genes without 
changes to the genes themselves. This second process is becoming better 
understood thanks to recent research in a relatively new scientific field 
called epigenetics.

The field of epigenetics has changed our understanding 
of how the environment interacts with our genes 
and how genes interact with the environment.

Epigenetics (meaning ‘above’ genetics) is the study of enduring changes 
in gene activity that do not change the DNA code itself, but through 
chemical changes, do influence how the code is used. Many 
environmental factors and experiences result in chemical ‘marks’ on 
certain parts of genes, and these epigenetic changes can influence the 
activity, or ‘expression’, of the gene.12 

You can think of the epigenetic processes as the software that directs the 
functioning of a gene’s DNA hardware. Because the development of all 
cells, tissues, and organs is affected by when and how specific genes are 
expressed, epigenetic processes can be a powerful influence on health 
and well-being.
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FIGURE 2:

Neural circuits mature at 
different times, occur in 
a sequential fashion, & 
are built upon previously 
established circuits 
Source: C.A. Nelson, in Neurons 
to Neighborhoods, 2000

11

BRAIN DEVELOPM
ENT



Animal research shows that epigenetic 
changes can be long-lasting and even can 
be passed from one generation to the next.

So far, much of what we know about epigenetics comes from research 
on animals. Numerous studies now show how genetic activity can be 
altered by exposure to different foods, toxins, and powerful experiences. 
One remarkable illustration of how potent epigenetics can be was done in 
genetically identical pregnant mice (like identical twins). The mothers all 
carried genetic information that gave rise to a yellow coat color, obesity, 
and vulnerability to disease. Half of the pregnant mothers received a 
normal diet while the other half was fed a diet high in compounds that can 
result in modified DNA through epigenetic mechanisms. Interestingly, the 
offspring of the “normal” diet group resembled their mothers in coat and 
weight and health outcomes. The offspring from the second diet group 
were more likely to have brown fur, normal weight, and no increased 
disease risk (FIGURE 3). But like their mothers, all of the offspring in both 
groups had identical DNA sequences. The differences in color, weight, 
and health were due to differences in how genes were expressed following 
epigenetic changes to a specific gene. This resulted in dramatic changes in 
terms of how the mice appeared and even their improved health outlook. 
In distinction to this positive outcome, research now tells us that there 
are a number of external factors that occur prenatally, such as exposure 
to alcohol or environmental toxins that lead to negative alterations in the 
DNA changes and negative health outcomes. 

Remarkably, the healthier female offspring eventually became pregnant 
and gave birth to babies that showed the same traits—brown fur, normal 
weight, and low disease risk—even though this third generation went back 
to receiving a normal diet. This experiment, and others like it, shows how 
influential the environment can be on epigenetics, which can have effects 
from one generation to the next. 

Pregnant mother fed diet
supplemented with compounds 

rich in methyl donor groups

Pregnant mom fed
regular mouse food

O	spring
predominantly
brown and in
good health

O	spring
mainly look
like mother
and in poorer
health

FIGURE 3:

Female Agouti Mouse 
(Fully Expressing a Gene That 
Causes Yellow Coat, Susceptibility 
to Diabetes and Obesity)

Source: Illustration by Bill Day adapted from 
Waterland, RA., Jirtle, RL. Transposable elements: 
Target for early nutritional effects on epigenetic 
gene regulation. Molecular and Cellular Biology. 
2003; 23(15):5293–5300
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In another series of experiments, adult mice that had received generous 
amounts of licking and grooming from their mothers as pups were less 
anxious and had lower levels of stress hormones than those raised by 
mothers who showed anxious behavior and were not as nurturing. How 
can the differences in mother-pup interactions result in long-lasting 
changes in stress responses? A second phase of research was done to show 
that it wasn’t due to genetic differences between the different moms. To 
show this, pups from higher care moms were switched at birth to be with 
the lower care moms. The scientists also did the opposite – switch the 
pups from lower care moms to be with the higher care moms.

The results showed the powerful impact of early experience. Babies born 
to high-nurturing mothers, but switched to be raised by low-nurturing 
mothers grew up to express increased levels of anxious behavior similar 
to their foster moms. Remarkably, the mouse pups born to low-nurturing 
mothers but raised by high-nurturing mothers showed less anxiety. The 
studies also showed that a specific gene that controls stress response was 
expressed more highly in the mice raised by higher care moms, compared 
to those raised by lower care moms.13 

Epigenetics is strongly related 
to early brain development.

We know that children’s experiences during the first years of life are 
strongly associated with long-term cognitive, emotional, and social 
outcomes.14 And we know that the quality of a child’s early experiences 
affects the development and function of the growing brain. But 
discovering how these processes occur has been challenging. The growing 
body of research on epigenetic processes, which are especially active 
early in development,15 is likely to provide new answers to how adversity 
threatens optimal development. 

For ethical and practical reasons, it is harder to study the gene/
environment relationship in humans than in animals. Still, scientists 
have already found convincing evidence of epigenetic effects in human 
development. In one study, women who were pregnant during a severe 
famine tended to give birth to underweight infants. When these babies 
grew up and became parents themselves, they also tended to have 
underweight children, even though their own food intake since birth 
had not been affected by the famine.16 Other studies have found that 
childhood abuse is associated with lifelong decreased activation of a gene 
that protects against high levels of stress hormones.12 Recent research has 
found that experiences during a child’s early life can result in epigenetic 
changes that are apparent even when the child reaches adolescence.11,17

Studies show that high stress and low nurturing in the first stages of life 
impair the development of healthy brain architecture. These effects are 
especially dramatic in brain areas related to memory, learning, and social 
and emotional adjustment.13 
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Epigenetic research supports the importance of a 
preventive approach to child health and well-being.

Epigenetic processes indicate that development is remarkably flexible. 
But in the absence of prevention or interventions, epigenetic changes – 
and their effects on behavior and health – can be stable once they occur. 
Moreover, research tells us that such changes can be transmitted from 
generation to generation.18 Whether they can become permanent is not yet 
known, but even when the conditions that created an epigenetic mark no 
longer exist, it is likely to take several generations before it begins to fade.12 

In other words, epigenetics makes a strong argument that prevention is 
the best policy approach for protecting young children from the effects 
of toxic stress. Early exposure to chronic stressors, such as regularly 
witnessing violence, caregiver neglect or abuse, poor nutrition, and 
other environmental hazards can have long-lasting and powerful effects 
on adult physical and mental well-being. Research is giving us a better 
understanding of epigenetic changes that occur due to early adverse 
experiences, which will lead to the development of more effective 
intervention and prevention programs to protect young children from 
adverse experiences in the first years of life.19,20 
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