
Brain Development: Conception to Age 3 
Decades of research show that the environment of a child’s earliest years can 
have effects that last a lifetime. Thanks to recent advances in technology, we 
have a clearer understanding of how these effects are related to early brain 
development. Neuroscientists can now identify patterns in brain activity that 
are associated with various types of negative early experiences.1 

Although the dangers of early stress, poverty, neglect and maltreatment have 
long been recognized, we can now ‘see’ their effects using brain scanning tech-
nology. Although scientists do not yet understand exactly how experiences af-
fect development, dramatic advances continue to be made, and brain research 
continues to enhance education and intervention efforts. 
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The organization 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. Although a newborn’s brain already has about 
all of the neurons it will ever have, it continues to grow at an amazing rate. 
It doubles in size in the first year, and by age three it reaches 80 percent of its 
adult volume.2-4 

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 connec-
tions as it will have in adulthood (FIGURE 1). These surplus connections are 
gradually eliminated throughout childhood and adolescence, a process some-
times referred to as blooming and pruning.5

The excess connections produced by a child’s brain in the first three years 
make the brain especially responsive to external input. During this period, the 
brain can “capture” experience more efficiently than it will be able to later, 
when the pruning of unused connections is underway.5
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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 ge-
netic factors, genes do not design the brain completely.6,7 Instead, genes 
allow the brain to fine-tune itself according to the input it receives from the 
environment. The brain’s ability to shape itself lets individuals adapt to their 
surroundings more readily and more quickly than they could if genes alone 
determined the brain’s wiring.8 The interplay of genetic and environmental 
factors 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 genes interact with the environment. 
Epigenetics is the study of enduring changes in gene activity that do not 
change the DNA code itself. Many environmental factors and experiences 
result in a chemical ‘mark’ on certain genes, and this epigenetic change can 
influence the activity, or ‘expression’, of the gene.9 

Roughly speaking, epigenetic processes are 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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Animal research shows that epigenetic changes 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 show how genetic activity can be altered by ex-
posure to different foods, toxins, and experiences. One experiment involved 
genetically identical pregnant mice who had yellow fur, were overweight, and 
showed higher-than-average susceptibility to certain diseases.  Half of these 
mice received a normal diet during pregnancy while the other half was fed a 
diet high in compounds known to affect gene expression. 

The offspring of the first group resembled their mothers in color, obesity, and 
vulnerability to disease. The offspring from the second group were more likely 
to have brown fur, normal weight, and no increased disease risk (FIGURE 2). 
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 the activity of a specific gene. The compounds in the experimental diet 
caused chemical changes that inhibited this gene’s expression in the second 
group of mothers, and this epigenetic process affected their offspring. 

Remarkably, these offspring eventually gave birth to babies that showed the 
same traits—brown fur, normal weight, and low disease risk—even though this 
third generation received a normal diet. This experiment and others like it 
show that although epigenetic changes do not alter the DNA sequence itself, 
they can be passed down to the next generation. 
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In another series of experiments, mice that received generous amounts of lick-
ing and grooming from their mothers were less anxious and had lower levels of 
stress hormones than those raised by mothers who showed anxious behavior 
and rarely nurtured their babies. A second phase of the experiment was de-
signed to determine how much of this difference in stress was due to epigenetic 
factors. In this second procedure, offspring from the two types of mothers were 
exchanged immediately after birth. 

The results showed the importance of early experience for the expression of 
specific genes. Babies born to high-nurturing mothers but raised by low-nur-
turing mothers developed high levels of anxious behavior similar to their foster 
moms. Babies born to low-nurturing mothers but raised by high-nurturing 
mothers showed less anxiety. In these offspring, a specific gene related to stress 
regulation was highly expressed, while in babies raised by low nurturing moms 
it remained inactive.10  
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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.11 And 
we know that the quality of a child’s early experiences affects the develop-
ment and function of the growing brain. But discovering how these processes 
occur has been difficult. The growing body of research on epigenetic processes, 
which are especially active early in development,12 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 them-
selves, they also tended to have underweight children, even though their own 
food intake since birth had not been affected by the famine.13 Other studies 
have found that childhood abuse is associated with lifelong decreased activa-
tion of a gene that protects against high levels of stress hormones.9 Recent 
research has found that parents’ stress levels during their children’s first three 
years were associated with epigenetic markers that were still apparent when 
children reached age 15.14

Studies show that high stress and low nurturing in the first stages of life impair 
brain development through epigenetic changes that reduce the growth of 
brain cells and the formation of connections. These effects are especially 
dramatic in brain areas related to memory, learning, and social and emotional 
adjustment.10 
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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 this 
doesn’t mean that undesirable epigenetic changes can simply be reversed by 
changing a child’s environment later in development. Epigenetic changes—
and their effects on behavior and health—are relatively stable once they 
occur. Moreover, such changes can be transmitted from generation to genera-
tion. 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.9 

In other words, epigenetics makes a strong argument that prevention is the 
best policy approach for protecting young children from the effects of harmful 
influences. Early exposure to chronic stress, negative parenting, inadequate 
nutrition, and other environmental hazards can have long-term effects on 
adult health and emotional well-being. A better understanding of epigenetic 
changes may help inform us how to develop more effective interventions to 
protect young children from adverse experiences in the first years of life.15 
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