How Does Stress Affect Fetuses? How do I Explain Autism Onset in Infants Just Out of the Womb or During Regressive Episodes?

A question that comes up frequently when I am verbally describing my theory of autism is an offshoot of a question I have addressed in my theory - how is a 2 year old stressed out? The offshoot question is a) you say that autism, particularly the growing number of cases of high functioning autism, is being driven by an increasingly toxic world which is overtaxing the stress responses of these autistic children, b) how can children, from those just out of the womb to those who regress into autism at 2 years of age, be suffering from excessive levels of stress adequate to cause the fundamental changes seen in autism? It is a very good question.


This document does not provide a completely thought out answer to this question. Rather than having done a full investigation of this matter due to time constraints, I have largely compiled pieces of the puzzle that I have stumbled across as I have generally done my autism research. I am sure there are other pieces of the puzzle that I will work to find over time. However, it is a good start.
A.
Summary of Genetic and Environmental Factors

Stressors are much broader in scope and impact than the average person would expect. Most people think of stress only in a narrow psychosocial way. They think of stress as an overbearing boss, or marital strife, or the burden of caring for elderly parents. While these certainly constitute stressors, they represent only a limited segment of the stressor world. The world of stressors include sensory stressors, such as loud noise or cold water, physical stressors, such as intense exertion or lack of sleep, and psychosocial stressors, such as a lack of perceived control over one’s world. And, the world of potential stressors is magnified when someone is genetically vulnerable to stress because of conditions like sensory processing abnormalities. A child who is sensory defensive may view a mother’s touch as intensely stressful, or the humming of fluorescent lights in the nursery as a visual and auditory assault.

I believe the chronic stressors we westernized humans experience as we go through life, which are dramatically more pervasive and damaging than those experienced by our ancestors, are ultimately a big part of the picture of many diseases and disorders that are now chronic in our society, ranging from fibromyalgia, to bipolar disorder, to type 2 diabetes, to cardiovascular disease. And, when mixed with a genetic susceptibility of the type discussed below, and when they start impacting a fetus well before they are born as is discussed below, I believe they can also greatly increase the likelihood a child will develop autism relatively early in its life.


1.
Genetic Involvement


It is very clear that autism is very much driven by genetics. Scientists have postulated that autism is one of the most genetically involved of psychological disorders, with maybe up to 90% of variation from normal driven by genetic factors. My belief is that one of the ways that genetic characteristics of a person tend to result in the development of an autism spectrum disorder is by causing the person to be overly susceptible to environmental stressors.

Individuals vary greatly in the way their nervous systems are wired. Some people have sensitive personalities. Some people have sensory processing abnormalities that result in a person being overly reactive to their environment. Some people are consistent despite massive amounts of fluctuation happening within their environment. Some people naturally feel in control of their environment; other feels chronically out of control. Some of variation in humans results from factors like family status, maternal nurture, early dietary patterns, and other environmental factors. However, genetics play a dominant role in development of these tendencies. And, a genetic susceptibility combined with a chaotic and toxic early environment may be exactly the wrong combination for a child with a family history of autism or other psychological disorders.


Exactly how the genetics work to result in variability of susceptibility to stress is largely wrapped in mystery. But, science has recently uncovered a genetic variation that may play a role in this: much research has been published recently indicating that variations in the 5HTT promoter
 polymorphism affects resiliency to stress in ways that affects vulnerability to disorders like PTSD and depression, and potentially autism.

2.
Environmental Impacts

In some individuals, a genetic predisposition of the type discussed above is adequate by itself to result in dramatically elevated stress responsivity and autism in some affected individuals. As I see the world, for others to develop similar symptoms and dysfunction an interaction between genetics and environment is necessary – only if the susceptibility is compounded by a sufficiently problematic early environment does full dysfunction set in. For these individuals, their genetic predisposition for excessive reaction to the stressors in their world is compounded by environmental difficulties both prenatally and postnatally, from maternal smoking and drinking (which are clear risk factors in autism), to a poor maternal diet, to excessive maternal stress that releases large quantities to cortisol, to abnormal sensory environments like extreme noise in a job environment, to toxic chemicals consumed in food or water, to a combination of some of these and many other factors. All of this may mix up into a stew that interrupts normal developmental programs, such as the development of neurotransmitter patterns like you see in normally handled rats, in a way that ultimately results in the development of autistic behaviors.

Contrary to the beliefs of many, the womb is not a haven from the world. The health and welfare of the mother directly impacts the health and welfare of the fetus. To the extent a mothers’ stress response system is activated, and stress chemicals and hormones like cortisol are dumped into the maternal bloodstream, they are also dumped into the fetal bloodstream – cortisol crosses over the placenta. To the extent the fetus’ mom’s heart rate goes up in response to loud music or other noise, the fetal heart rate also likely goes up. The fact that the average pregnant woman today is subjected to vastly more modern stressors than a mom 200 years ago has not gone unnoticed biologically.

One group of researchers has crystallized how this works:


We hypothesize that autism and associated disorders are the result of an 
adverse cascade of psychoneuroimmunological events that derive from one or 
more gene / environmental insults or unmitigated stressors. We also hypothesize 
that early intervention can interrupt the adverse cascade of events, thereby 
compensating for such insults and averting the further on-going sequelae that lead 
to severe chronic developmental disorders. Environmental insults can occur in 
utero or postnatally. Without intervention, the infant’s stress profile will result in 
a failure to activate specific developmental program, such as glucocorticoid and 
GABA receptor compositions. The cascade leads to a disruption in the stress-
regulatory system of a developing infant, impairing ability to benefit from the 
caregiver’s nurturing or stress-modulation. The disruption results in an 
interruption of key genetic developmental programs that are normally activated by 
peptidergic mechanisms. In the face of genetic / environmental stressors, the 
excess demands on the infant’s stress regulatory mechanisms make peptide 
modulation critical.


The failure we further hypothesize persists until the peptide balance is 
restored. The earlier the silenced or arrested gene programs are activated by 
successful intervention, the less stress induced damage will occur. Conversely, the 
longer the infant is unable to receive stress modulation, the more the infant’s 
adaptation to environmental and emotional challenges is adversely conditioned. In 
such cases, in the face of unremitting emotional and environmental challenge, the 
infants adopt various maladaptive defense strategies that result in regressive 
adverse behaviors and a range of pathology. In the case of autistic children 
adverse behaviors include stereotypical movements, approach / avoidance 
behaviors, obsessiveness, compulsiveness, and tantrums.

B.
Environmental Vectors for Fetal and Infantile Stress Exposure

The modern western world is a vastly more stressful place than the place our ancestors liked, and the mothers of children in our societies are not escaping impact of this stress. Pregnant women, like the rest of us, eat horrible diets, sit in cars on traffic packed freeways, watch way too much television, sit in houses with fluorescent lights and too many humming appliances, work long days with a screaming boss, fail to exercise or even move much, and generally engage in life in our polluted modern world. All of these induce stress in the mother, which stress is transmitted directly to the fetus, which results in a fetus that is biologically stressed out during prenatal development. 


Fetuses are in fact highly vulnerable to being impacted by these stressors due to their developing nervous systems and small size which makes them very fragile. Alcohol consumption during pregnancy may have little effects on the mother, but dramatic effects on the child. The same is true for smoking, or taking drugs, or not getting enough nutrients like folic acid or crucial fats. What has not been explored by science is the general impact on the fetus, and the developing infant, from the changes we have wrought upon our modern world, from too much car time, to foods laced with chemicals that are deficient in nutrients, to four hours a day of television, to the break down in community seen with suburbanization and modern zoning patterns. I believe these impacts, when aggregated, are dramatic.

1.
Prenatal Stress as a Fetal Risk Factor Generally

It has long been known that psychological stress during pregnancy is a risk factor for adverse physical, psychological, behavioral and developmental outcomes in human fetuses. Schizophrenia, emotional disturbances, and development of the early personality of the child have all been found to be affected by maternal stress. Growing evidence shows that our sensitivity to stress as adults is already “tuned,” so to speak, in infancy. Specifically, the amount of stress encountered in early life sensitizes an organism to a certain level of adversity; high levels of early life stress may result in hypersensitivity to stress later, as well as to adult depression.


Research with animal models has identified a link between maternal stress and a range of adverse behavioral outcomes for the offspring such as abnormal responses to fearful stimuli once the animals reach adulthood. Maternal stress in animals results in changes in the HPA axis and changes in the amygdala, including expansion of the lateral nucleus, that last into adulthood. Children born to mothers already suffering from adrenal fatigue and children who experience severe stress in the womb typically have lower adrenal function. Because of this, from birth on, they have less capacity to deal with stress in their own lives, and so are more prone to adrenal fatigue throughout their lives.


Episodes of stress during the prenatal period can reduce birth weight, disrupt brain development, decrease immune function, and induce behavioral alterations (e.g. hyperactivity and cognitive deficits). The prefrontal cortical perceptual encoding area (OFC, Ins, Cx) and subcortical outlets of emotional experience (Th, A, HP) are impaired by prenatal stress. This network converges on the dorsal vagal complex, impairing the parasympathetic vagal discharges to the viscera.
 

In one study, the incidence of presence of prenatal stressors was 32.4 per 100 autism surveys as compared to 18.9 for control surveys and 21.7 for Down Syndrome surveys. A significant increase in stressors was seen at 21-32 weeks gestation in autism, but not with the Down Syndrome or control group.
 Another study has indicated that women who have had a major stressful event - death of a spouse, job loss, or a long-distance move - midway through their pregnancy may have a greater chance of having an autistic child than do their unstressed counterparts. Research has shown that these women were more likely to have experienced a major stressor the 24th through 28th weeks of their pregnancy. The timing of the stressful events recorded for the study seem to mesh well, timewise, with the periods of development of the fetal cerebellum - a key portion of the brain that is structurally different in autistic children.



a.
Prenatal Stress Through Maternal Blood Transmission

The child shares the blood of the mother. Things that may not significantly impact the brain of the mother, like alcohol, can be devastating on the brain of the child




1)
Maternal Stress and Cortisol Abnormalities

Cortisol may be the unifying factor in prenatal stress. All of the seemingly unrelated prenatal risk factors - malnutrition, flu, maternal emotional turmoil - also cause the body to increase cortisol production. It has been shown that if the mother has high levels of cortisol, so does the fetus. Enough cortisol crosses the placenta from the mother to the fetus to actually affect fetal levels. Thus, if the mother is stressed, her cortisol goes up and so does the cortisol level in the fetus. And, elevated fetal cortisol levels have numerous impacts, particularly on fetal brain development. Research with animals has shown that when stress hormones are elevated during pregnancy, the offspring show abnormalities in the hippocampus.
 Other research has demonstrated that risk of damage to cerebellar granule cells is increased in rats after prenatal exposure to cortisol.
 Studies show that elevated cortisol may disrupt a child's formation of a bundle of nerve cells in the brain that tunes the body's internal clock.
 Researchers have also shown that prenatal stress in rats increases maternal and fetal plasma corticosterone (rat version of cortisol) during critical periods of brain development, which can lead to structural changes in the amygdala. These changes in the amygdala result in symptoms such as a heightened response to stress, increased fear and diminished social interaction. 


Low fetal cortisol is also common, particularly in fetuses whose parents have been subjected to significant trauma.
In one study, mothers who experienced symptoms of Post Traumatic Stress Disorder (“PTSD”) in response to 9/11 had lower cortisol levels compared to mothers who did not develop this condition. Moreover, approximately one year after birth, the babies of mothers who had developed PTSD symptoms had significantly lower cortisol levels compared to that in babies of mothers who developed only minimal symptoms. This decrease in cortisol levels among the infants was similar to their mothers' hormonal response to PTSD. Since lower cortisol levels in relation to maternal PTSD were most apparent in babies born to mothers who were in their third trimester on 9/11, the data implicate the possibility of in utero effects as contributors to a biological risk factor for PTSD.




2)
Maternal Stress and Neurotransmitter Abnormalities in 




Utero


Stress and its consequences experienced by the developing fetus are among the factors that can alter serotonin levels fetal brains.
 This is important because studies have emphasized the importance of serotonin during fetal brain development, where the neurotransmitter plays a role in neurogenesis, neuronal differentiation, neuropil formation, axon myelination, and synaptogenesis in vivo.

Serotonin appears as a chemical messenger early in development, suggesting that it plays a role in organizing the developing nervous system. Indeed, treatments that reduce prenatal serotonin delay neural growth in many areas of the brain and alter the ability of serotonin receptors to bind to the chemical messenger. Thus, prenatal stress may also alter normal development of the nervous system.




3)
Stress through Maternal Diet during Pregnancy

Maternal diet can impact the resiliency of the fetus in the face of stress in numerous ways. If the mother is eating Cheetos and white bread while pregnant, the fetus will be born with those taste buds. If the mother is eating carrots and oatmeal, the those taste buds will develop. This programming of the child’s dietary preferences has long term impacts on the child’s health and ability to adapt to its environment that start as soon as the child is weaned.

Tests of experimental rats, subjected to prenatal malnutrition, over their lifespan revealed adverse effects on cognitive performance, emotional reactivity (including stress responsiveness) and social interactions. Prenatal malnutrition does not mean just not getting enough calories – the calories consumed need to be the right calories.
 For instance, 6% of the British population is both obese and malnourished. They get more calories than they need, but they don’t get adequate proteins, fats, and nutrients to maintain health. That means 6% of British mothers are likely obese (biologically stressed) as well as malnourished (even more biologically stressed). Think about what this means for the fetus.

In particular, prenatal protein malnutrition affects the inhibitory neurotransmitter GABA and produces negative physiological effects in in vivo long term potentiation, kindling, paired pulse measures and in vitro miniature postsynaptic currents. Prenatally malnourished rats also respond abnormally to a variety of psychological and physiological stressors. Examination of the effects of stress on measures of neurobiological development and function in the neonatal malnourished rat showed that stress excessively activated early genes that regulate brain function. Stress in the neonatal period also altered both neurogenesis and the apoptotic pruning of excess neurons in the hippocampal cortex. Despite the relative preservation of prenatal neuron development in the brain stem (i.e. locus ceruleus and raphe nuclei), prenatal malnutrition disrupted postnatal processes that underlie normal plasticity.


Omega 3 fatty acids are crucial to the development of vision and the brain in fetuses. Unfortunately, omega 3s have been progressively stripped from the diet of most westernized individuals, since they break down when being processed from the foods they come from. Nearly all of us are deficient of this essential fatty acid. In one study, researchers found that the women who ate lots of meat and little fish were deficient in omega-3 fatty acids, and their babies didn't do as well on eye tests as babies from mothers who weren't deficient. The results were noticeable as early as two months of age.
 It is expected that the negative results of omega-3 fatty acid deficiency will be much wider spread; vision tests are just an easy and concrete measure of the effects of the deficiency.




4)
Maternal Exposure to Chemicals

A study by California state health officials links farm fields sprayed with certain pesticides to an increase in the number of autistic children. The rate of autism among children who lived near the fields was very high, suggesting exposure in the womb could play a role. The study suggests that the farther the women lived from the fields, the less likely they were to give birth to children with autism.


The consequences of prenatal stress are all commonly observed following a particularly acute fetal stressor, alcohol exposure during gestation.




5)
Maternal Infection

Maternal infection with conditions from the flu to encephalitis increases the risk of autism in the offspring. With respect to brain pathology, the offspring of maternally infected mice display a selective loss of Purkinje cells in lobule VII.
 Studies show that, in rats, maternal exposure to infection alters proinflammatory cytokine levels in the fetal environment, including the brain.
 



6)
Blood Flow Restriction to the Fetus Due to Maternal Stress


A possible mechanism for impact upon fetal resiliency in the face of stress involves blood flow from the mother. If the mother is very anxious or stressed while she's pregnant, there's reduced blood flow to the baby through the uterine arteries, the main source of blood and nutrition for the baby. This could explain why the baby doesn't grow as well and also set up a secondary stress response in the fetus. Such vasoconstriction in the mother reduces blood flow, and hence oxygen and nutrition to the fetus, can result from excessive noise exposure over time.



b.
Prenatal Stress through Sensory Exposure

The sensory, psychosocial, and environmental world of the child, both prenatally and postnatally, can have dramatic impacts upon the nervous and stress response systems of the developing child. The toxic modern world in which we live presents a child with a tremendous number of stressors which most of us would not consider to be stressors, but that impact the child disproportionately because of their fragile and developing electrical systems. These stressors include loud noise, vibration, overly bright and improper lighting, excessive emotional tension and conflict, pesticides, fool colorings and preservatives, antibiotics in food and car exhaust. These stressors have detrimental impacts upon adults, as shown in the dramatically increasing incidence of chronic disease in humans. However, these stressors are magnified in their impact upon a developing child.


There is ample evidence that environment has a role in shaping the physique, behavior and function of animals, including man, from conception and not merely from birth. The fetus is capable of perceiving sounds and responding to them by motor activity and cardiac rate change. Noise exposure is deemed to be particularly pernicious when it occurs between 15 and 60 days after conception, when major internal organs and the central nervous system are formed. Noise in the environment has been associated with lower levels of certain hormones in the mother, these hormones being thought to affect fetal growth and to be a good indicator of protein production. The difference between the hormone levels of pregnant mothers in noisy versus quiet areas increased as birth approached.

An EPA study has established links between high noise levels and fetal development. This body of research suggests a correlation between low birth weight babies and high sound levels, as well as correlations in abnormally high rates of birth defects with maternal exposure to elevated sound levels, e.g. typical airport environs.


This neurological response to noise has been hypothesized to contribute to autism. A group of researchers have postulated that when a developing brain is confronted with an abnormal restraint on information processing, as occurs in face of sensory information overload, that brain will evolve an abnormal organization in order to accommodate that constraint. It is via such a chain of dysfunction that a core deficit such as degraded neural signal-to-noise could fan out into a welter of autistic behavioral abnormalities. From the earliest months of infancy, the flood of input generated by over-arousal and under-selective primary processing would overload nascent higher-order cognitive processes.



c.
Pregnant Women in the Workforce

Think about the impact of maternal employment during pregnancy. This is a situation that did not exist during most of human evolution. The vertically hierarchical American workplace can be a psychosocially stressful nightmare, due to all of the facets of American culture, from hyper-competitiveness, to emotionally unintelligent bosses and coworkers, to a polluted sensory experience.



d.
A Monkey Model of Stress Exposure


A new study on monkeys has found that moderate exposure to alcohol and stress during pregnancy can lead to sensitivity to touch in the monkeys' babies. In this study, the researchers exposed on group of monkeys to alcohol and regular but minor stressors on a daily basis. Without knowing which situation the mother monkeys had experienced, the researchers then rated the monkeys' offspring according to how they responded to repeated touch with a feather, a cotton ball, and a stiff brush. They found that monkeys whose mothers had not been stressed or consumed alcohol got used to touch over time, while monkeys whose mothers had been stressed grew more disturbed by touch over time. Monkeys who had been exposed to alcohol prenatally were disturbed by touch (sensory defensive) more than monkeys who had not been exposed to alcohol prenatally. The researchers found that the monkeys' sensitivities to touch were related to changes in a brain chemical called dopamine in one area of the brain, the striatum. 


2.
The Birth Experience as a Stressor


a.
Premature Birth


Last year, one in every eight babies in the United States was born prematurely – a 30 percent increase from 1981. This is a major health problem for this country. Fertility treatments are often focused on as a scapegoat for the increases in premature births. However, only 33,000 of 4 million annual premature births involve infertility treatments. Something else serious is going on related to culture and health in westernized nations and in particular in America. This is seen in the fact that first generation mothers who are born in another country and came to this country have less of a risk than they do after than been here for a while.

There are many causes of premature birth, some of which are explained, some of which are not. The risk of having a premature baby is increased if you are African American (17.8 percent to 11.5 percent for white women). Women under 18 are twice as likely to deliver prematurely. One theory for this is that many of those groups have other risk factors like smoking or alcohol abuse. It may also be related to stress from the community in which they live, lower socioeconomic status. Urinary tract infections also increases risk on premature birth. The explanation likely lies with inflammation. Somehow, that sets off a cycle that increases risk.

Premature birth is a risk factor for many problems that develop later in life. It is well established that premature birth is associated with increased incidence of allergies and asthma and with problems in cognitive and physical development. Children born prematurely are at greater risk for health problems ranging from cerebral palsy and mental retardation to ADHD and crossed eyes. Also, infants born before 35 weeks gestation are about 2.5 times as likely as infants born between 37 and 42 weeks gestation to be diagnosed with an autism spectrum disorder.


b.
Birth Complications
While the evidence is not strong, several studies have indicated that children involved in births with complications, particularly hypoxia, had an increased rate of autism as they developed.


3.
Psychosocial Stressors Post-Natally

Prefrontal perceptual encoding mechanisms that regulate biological stress response activation and autonomic nervous system output to the viscera and immune system are impaired by gestational stress. It is well established that early environmental stressors can permanently alter perceptual, emotional, intellectual, and social development; in autistic children, all of these are impaired. 


a.
Low Nurture Childhood Environments

Autistic children look strikingly similar to children who developed in low nurture familiar environments. More generally, children with less maternal care end up more easily stressed, hypersensitive, inattentive, sick and fearful as adults. One study showed that college age adults who had low maternal care in childhood showed hypersensitive brain responses to stress on PET scans. Researchers found these adults released more of the stress hormone cortisol into their bloodstreams than did their high nurture peers.


A classic examples of low nurture environments are the orphanages in places like Romania and China where the children receive food but little emotional support or contact. These children end up hopelessly withdrawn from society. They engage in stereotypic and perseverative behaviors. They self stimulate and self mutilate. And, they have many other behavioral characteristics similar to autism.


In one study, two seemingly disparate groups of patients, consisting of maternally deprived orphans and autistic children, were treated for two shared symptom complexes: behavioral symptoms such as lack of direct eye contact, indiscriminate approaches towards strangers, inability to respond to normal maternal nurturing, off or restricted preferences, and gastrointestinal symptoms, such as gut motility abnormalities, discomfort, and diarrhea. The researchers developed an intervention that employs intense nurturing as a means of conditioning stress adaptation responses. The intervention led to concurrent amelioration of both behavioral and gut symptoms. In many cases following the intervention, direct eye contact between mother and child ensued, the child was able to benefit from normal nurturing, adverse behaviors were dramatically reduced, and GI symptoms abated. These collective bedside observations led to a theory that the two groups share a common dysregulation of underlying stress mechanisms.


These low nurture effects are modulated in part by neural excitation pathways. GABA gene/environment interaction found in low nurture rearing environments may be pertinent to children who do not or cannot benefit from normal maternal nurturing, such as in orphans and autistic children with abnormal face recognition and sensory processing. In animals, the level of maternal nurture that the offspring receives determines which gene programs for GABA receptor subunits are activated. The level of maternal nurture can permanently alter subunit composition of the GABAA receptor complex in brain regions that regulate responses to stress, including the amygdala.



b.
Failure of Attachment

A related concept to the effects of low nurture is attachment failure. Attachment is the process by which the child emotionally attaches to its primary caregiver, usually the mother, in a way that results in an intense emotional and physiological bond between child and mother. This attachment has important biological and epigenetic impacts, setting into motion programs that lead to proper development. Strong attachment results in neurobiological improvements in stress response activation and general physical function. Proper attachment to a caregiver provides psychological support to the infant that allows it to develop a normal interaction with the external world, using the attached figure as a secure base from which to begin its explorations of the world around it.


 A low nurture environment can result in a failure of attachment, and that may be one of the most important ways in which the low nurture environment damages the child. However, attachment failure can also occur in a high nurture environment, if the child is unable to respond properly to the normal maternal behaviors due to challenges unique to the child, such as sensory sensitivities of the child that hinder its ability to become comfortable with touch. Researchers have hypothesized that autistic children are, in fact, unable to recognize or respond to normal maternal nurturing; as a result, they develop the genetic profile of low-nurture animals (with low glucocorticoid and altered GABA receptor composition).


Attachment that is interfered with is massively negative upon the development of the infant. I hypothesize that attachment failure is frequent within autism because the overwhelmed nervous systems of pre-autistic infants detrimentally impacts their ability to engage in their role in the attachment process. For instance, their sensory overstimulation prevents them from being able to receive beneficial touch from their care givers, and their hyperstimulated nervous systems prevent them from being able to make eye contact with their parents or engage in the normal emotional process of flirting and play.



c.
A Stressed Household- A Path to Low Nurture

A team of researchers have found that kids who are consistently shy while growing up are particularly likely to be raised by stressed-out parents, and to possess a genetic variant associated with stress sensitivity. This suggests that shyness relates to interactions between genes and the environment. Moms who report being stressed are likely to act differently toward their child than moms who report little stress. A mom under stress transfers that stress to the child. However, each child reacts to that stress somewhat differently. The study found that genes play a role in this variability, such that those children who have a stress-sensitive variant of a serotonin-related gene are particularly likely to appear shy while growing up when they also are raised by mothers with high levels of stress. If you are raised in a stressful environment, and you inherit the short form of the gene, there is a higher likelihood that you will be fearful, anxious or depressed (this is the same 5HTT gene discussed above).


I came across an interesting example of this in a book. It involved Jennifer, a third child raised in a household that had become unstable due to changes with her mother. Jennifer’s nervous system had imprinted the unsafe perceptual reality of her earliest years, so even good people seemed unreliable and threatening. Her older two sisters were raised by the same mother but under different circumstances, so one daughter’s brain circuits had incorporated a safe, nurturing mom and the other a fearful, anxious one. The “nervous system environment” a girl absorbs during her first two years becomes a view of reality that will affect her for the rest of her life. 


Studies in mammals now show that this early stress versus calm incorporation – called epigenetic imprinting – can be passed down through several generations. Stressed mothers naturally become less nurturing, and their baby girls incorporate stressed nervous systems that change the girls’ perception of reality. This isn’t about what’s learned cognitively – it’s what is absorbed by the cellular microcircuitry at the neurological level. This may explain why some sisters can have amazingly different outlooks.



d.
Depressed Mothers

Researchers have found that babies and toddlers whose mothers had depression and anxiety symptoms during pregnancy tended to have more sleep problems than other young children – they are about 40 percent more likely to refuse to go to bed, to wake up early or to persistently crawl out of bed. The investigators suspect that elevated stress hormones that mark depression and anxiety in the mothers may shape fetal brain development in a way that disturbs early-life sleep patterns. Sleep problems have been linked to a higher risk of behavioral problems in childhood. This supports the notion that there’s something special about the prenatal period.
 


Researchers have found an increase in cortisol following a mild stressor in infants whose mothers have a history of depression, indicating a higher level of sensitivity to mild stress in children of depressed mothers. These infants also had lower pre-stress cortisol levels. In addition, there was a correlation in the cortisol levels between mothers and their infants.

C.
Physical Abnormalities as a Result of Prenatal Stress – Evidence of Harm

Prenatal stress does not only leave psychological scars in the fetus. The rapidly developing brain and nervous system provide many avenues for excessive stress during gestation to leave physical scars. 


1.
Problems with Brain Structures


The cerebellum is one of the first brain structures to begin to differentiate, yet it is one of the last to achieve maturity; its cellular organization continues to change well after birth. During this transitional period a strong correlation exists between the high expression of GABAB3 subunit message and formation of multiple connections between the inferior olive climbing fibers and Purkinje cells. This protracted developmental process creates a special susceptibility to disruptions during development.


One of the most consistent findings in autism is a reduction in the size of the cerebellum, with the most important factor in this smaller size being a diminution in the number of the strongly GABAergic Purkinje cells. The timing of Purkinje cell loss in autism is most likely not before 32 weeks of gestational age but may extend into early postnatal development since completion of migration of the external granule layer in humans is not complete until about 18-20 months.
 However, it is pretty clear that the  abnormal Purkinje cell loss starts prenatally.

2.
Minor Physical Defects


The low 2nd to 4th digit ratio seen in autism is a clear sign of abnormal male steroid activity in utero.
 Stress is a primary factor that alters production of male sex hormones, as the same organ, the adrenal glands, that is responsible for the production of testosterone and other such hormones, preferentially produces cortisol and its relatives when stress levels are high.
� The serotonin transport protein 5-HTT has been implicated in depression and some other human mental disorders. Serotonin seems to be involved in reducing the level of stress hormones in stress-provoking situations. The job of 5-HTT is to transport serotonin back into the cell after its message has been delivered. In a long-range study that followed a single group of people from the age of 3 to 26 years, investigators observed that people who had inherited one of two forms of the 5-HTT gene seemed to be more susceptible to depression following stressful conditions like changes in their relationships, jobs, or financial situations. However, the difference is not in the part of the gene that encodes the structure of the protein, which is the same in both forms of the gene. The difference lies in the structure of the promoter - the regulatory region that turns the gene on and off. One promoter region is longer than the other. The gene is less active in individuals with shorter promoter. The 5-HTT gene is located on the long arm of human chromosome 17 (17q11.2). The short allele is found in about half of Caucasians. Even a single copy of the shortened 5-HTT gene seems to make its carriers more likely to experience stress-induced depression. The short form of the disease does not directly cause depression, but lower levels of the transporter may lead to less efficient management of stress-related hormone levels. 
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